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Introduction 


This new 1982 edition of, the National Semiconductor 
Linear Databook is the most comprehensive available. It 
presents approximately 2000 pages of specifications for 
our high technology linear products. Applications, de- 
scriptions, features and diagrams in this databook in- 
clude detailed sections for Voltage Regulators, Op 
Amps, Voltage Comparators, A to D, D to A Converters, 
Industrial Blocks and Audio, Radio and TV Circuits. 

The databook also features advanced telecommunica- 
tion devices and speech synthesis (DIGITALKER™), plus 
other non-state-of-the-art linear products offering per- 
formance, economy, quality and reliability. 


LIFE SUPPORT POLICY 

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR 
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR 


CORPORATION. As used herein: 

1. Life support devices or systems are devices or systems 
which, (a) are intended for surgical implant into the 
body, or (b) support or sustain life, and whose failure to 
perform, when properly used in accordance with in- 
structions for use provided in the labeling, can be rea- 
sonably expected to result in a significant injury to the 


2. A critical component is any component of a life support 
device or system whose failure to perform can be rea- 
sonably expected to causethe failureof the life support 
device or system, or to affect its safety or effectiveness. 


The National Anthem®, Datachecker®, Maxi-ROM® and 
TRI-STATE® are registered trademarks of National 
Semiconductor Corp. 

Abuseable™, BI-FET™, BI-FET II™, COPS™, 
DIGITALKER™, DNR™, E-Z-LINK™, HEX3000™, ISE™, 


MICROBUS™, MICROWIRE™, MICRO-DAC™, MST™, 
NURAM™, P2CMOS™, Positalker™, QUIKLOOK™, 
Rat™, Starlink™, Starplex™, Starplex II™, TRI-CODE™, 
TRI-POLY™, XMOS™, ZSTAR™, 883B/RETS™, 
883S/RETS™, and XPU™ are trademarks of National 
Semiconductor Corp. 
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Ordering Information 


LM 101A F 



PACKAGE 

D - Glass/Metal Dual-In-Line Package 
F - Glass/Metal Flat Pack 
H - TO-5 (TO-99, TO-IOO, TO-46) 

J — Low Temperature Glass Dual-In-Line Package 
K- TO-3 (Steel) 

KC - TO-3 (Aluminum) 

N — Plastic Dual-In-Line Package 

P — TO-202 (D-40, Durawatt); also Single-In Line Package 
S — "SGS" Type Power Dual-In-Line Package 
T - TO-220 

W — Low Temperature Glass Flat-Pack 
Z - TO-92 

DEVICE NUMBER 

3, 4, or 5 Digit Number Suffix Indicators: 

A — Improved Electrical Specification 
C — Commercial Temperature Range 

DEVICE FAMILY 

AD - Analog to Digital 

ADB — Analog to Digital Building Block 

AH - Analog Hybrid 

AM — Analog Monolithic 

BLX — Board Level System 

DAC — Digital to Analog Converter 

DM - Digital Monolithic 

DT- DIGITALKER™ 

HY - Hybrids 

LF - Linear FET 

LH — Linear Hybrid 

LM - Linear Monolithic 

MF — Monolithic Filter 

MM — MOS Monolithic 

TP - Telecommunications Product 


Devices are listed in the table of contents alpha-numerically by device family (LH, LM, LX, etc.) and then by device number. 
With most of National's proprietary linear circuits, a 1-2-3 numbering system is employed. The 1 denotes a Military temperature 
range device (-55°C to +125°C), the 2 denotes an Industrial temperature range device (-25°C to +85°C), and the 3 denotes a 
Commercial temperature range device (0°C to +70°C), i.e. LM101/LM201/LM301 . 

Exceptions to this are the LM1800 series of consumer circuits which are specified for the commercial temperature range; 
some hybrid circuits which employ a "C" suffix to denote the commercial temperature range; and second-source products 
which follow the original manufacturers numbering system, i.e. LM741/LM741C or LM1414/LM1514. 


Parts are generally listed in the table of contents by military part number first, i.e. LM139/LM239/LM339. Where a separate 
data sheet exists for a different temperature range, the device will be listed separately, i.e. LM119/LM219 and listed separately 
LM319. Where only one temperature range exists, the part will be listed in its proper order, i.e. LM340. 
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LF441A/LF441 Low Power JFET Input Operational Amplifier 3-66 

LF442A/LF442 Dual Low Power JFET Input Operational Amplifier 3-73 

LF444A/LF444 Quad Low Power JFET Input Operational Amplifier 3-81 

LF13741 Monolithic JFET Input Operational Amplifier 3-88 
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LM11/LM11C/LM11CL Operational Amplifiers 3-115 
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LM107/LM207/LM307 Operational Amplifiers 3-140 
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LM118/LM218/LM318 Operational Amplifiers 3-165 
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Low Power Dual Operational Amplifiers 3-216 

LM159/LM359 Dual, High Speed, Programmable, 

Current Mode (Norton) Amplifiers 3-226 

LM192/LM292/LM392, LM2924 Low Power Operational 

Amplifier/Voltage Comparator 3-242 

LM216/LM316, LM216A/LM316A Operational Amplifiers 3-246 

LM709/LM709A/LM709C Operational Amplifier 3-249 

LM725/LM725A/LM725C (Instrumentation) Operational Amplifier 3-253 

LM741/LM741A/LM741C/LM741E Operational Amplifier 3-257 

LM747/LM747A/LM747C/LM747E Dual Operational Amplifiers 3-260 

LM748/LM748C Operational Amplifier 3-265 
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Section 4— Instrumentation Amplifiers* 

Hybrid Products Instrumentation Amplifier Guide 4-3 

Definition of Terms 4-4 

LM121/LM221/LM321, LM121A/LM221A/LM321A Precision Preamplifiers 4-5 

LM163/LM363 Precision Instrumentation Amplifier 4-13 

LH0036/LH0036C Instrumentation Amplifier 4-18 

LH0038/LH0038C True Instrumentation Amplifier 4-26 

LH0084/LH0084C Digitally-Programmable-Gain Instrumentation Amplifier 4-37 

t For additional information, see National Semiconductor’s Hybrid Products Databook. 

Section 5— Voltage Comparators 

Voltage Comparator Guide 5-3 

Definition of Terms 5-4 

LF111/LF211/LF311 Voltage Comparators 5-5 

LH21 1 1/LH221 1/LH231 1 Dual Voltage Comparator 5-11 

LM106/LM206/LM306 Voltage Comparator 5-13 

LM111/LM211 Voltage Comparator 5-16 

LM119/LM219/LM319 High Speed Dual Comparator 5-22 

LM139/LM239/LM339, LM139A/LM239A/LM339A, LM2901, LM3302 

Low Power Low Offset Voltage Quad Comparators 5-27 

LM160/LM260/LM360 High Speed Differential Comparator 5-35 

LM161/LM261/LM361 High Speed Differential Comparators 5-38 

LM193/LM293/LM393, LM193A/LM293A/LM393A, LM2903 

Low Power Low Offset Voltage Dual Comparators 5-41 

LM311 Voltage Comparator 5-48 

LM710/LM710C Voltage Comparator 5-56 

LM711/LM711C Dual Comparator 5-59 

LM1514/LM1414 Dual Differential Voltage Comparator 5-62 


6 



Table of Contents (Continued) 

Section 6— Analog Switches * 

Analog Switches/Multiplexers Selection Guide 6-3 

Definition of Terms 6-4 

AH 5009, AH5010, AH5011, AH5012 Monolithic Analog Current Switches 6-5 

LF11331/LF13331 4 Normally Open Switches With Disable 6-17 

LF11332/LF13332 4 Normally Closed Switches With Disable 6-17 

LF11333/LF13333 2 Normally Closed Switches and 2 Normally 

Open Switches With Disable 6-17 

LF11201/LF13201 4 Normally Closed Switches 6-17 

LF11202/LF13202 4 Normally Open Switches 6-17 

LF11508/LF13508 8-Channel Analog Multiplexer 6-27 

LF11509/LF13509 4-Channel Differential Analog Multiplexer 6-27 

tFor additional information, see National Semiconductor’s Hybrid Products Databook and FET 
Databook. 
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ADC0808, ADC0809 8-Bit /*P Compatible A/D Converters with 

8-Channel Multiplexer 8-60 
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Section 13— DIGITALKER™ Speech Synthesis 

BLX-281 Speech Synthesis Expansion Module 13-3 

DT1000 DIGITALKER™ Speech Synthesis Evaluation Board 13-7 

DT1050/DT1053 DIGITALKER™ Standard Vocabulary Kit 13-14 

DT1051/DT1054 DIGITALKER™ Speech Evaluation Kit 13-22 

DT1052/DT1055 DIGITALKER™ Basic Numbers Kit J 13-24 

DT1056/DT1057 DIGITALKER™ Standard Vocabulary Kit 13-26 

MM 541 04 DIGITALKER™ Speech Synthesis System 13-34 

LB-54 Circuit for Evaluation of Custom Vocabulary EPROM Prototype Set 13-41 

AN-252 Speech Synthesis 13-43 

Section 14— Appendices/Physical Dimensions 

National A+ and B+ Extended Quality and Reliability 

Programs for Linear Circuits 14-3 

M I L-STD-883/M I L-M-38510 14-8 

Linear Cross Reference Guide : 14-9 

Industry Package Cross Reference Guide 14-13 

Physical Dimensions ; 14-15 

For additional information on Linear Products, see National Semiconductor’s Linear Applications 
Handbook. 
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Alphanumerical Index 

AD7520 10-Bit Binary Multiplying D/A Converter 8-8 

AD7521 12-Bit Binary Multiplying D/A Converter 8-8 

AD7530 10-Bit Binary Multiplying D/A Converter 8-8 

AD7531 12-Bit Binary Multiplying D/A Converter 8-8 

ADB1200 12-Bit Binary A/D Building Block 8-10 

ADC0800 8-Bit A/D Converter 8-17 

ADC0801 8-Bit fiP Compatible A/D Converter 8-28 

ADC0802 8-Bit /*P Compatible A/D Converter 8-28 

ADC0803 8-Bit fiP Compatible A/D Converter 8-28 

ADC0804 8-Bit Compatible A/D Converter 8-28 

ADC0805 8-Bit /*P Compatible A/D Converter 8-28 

ADC0808 8-Bit nP Compatible A/D Converter with 8-Channel Multiplexer 8-60 

ADC0809 8-Bit /*P Compatible A/D Converter with 8-Channel Multiplexer 8-60 

ADC0816 8-Bit ^P Compatible A/D Converter with 16-Channel Multiplexer 8-71 

ADC0817 8-Bit /iP Compatible A/D Converter with 16-Channel Multiplexer 8-71 

ADC0833 8-Bit Serial I/O A/D Converter with 4-Channel Multiplexer 8-82 

ADC1001 10-Bit fiP Compatible A/D Converters 8-89 

ADC1021 10 Bit ^P Compatible AID Converters 8-89 

ADC1080 12-Bit Successive Approximation A/D Converter 8-97 

ADC1210 12-Bit CMOS A/D Converter 8-107 

ADC1211 12-Bit CMOS AID Converter 8-107 

ADC1280 12-Bit Successive Approximation AID Converter 8-97 

AH5009 Monolithic Analog Current Switch 6-5 

AH5010 Monolithic Analog Current Switch 6-5 

AH5011 Monolithic Analog Current Switch 6-5 

AH5012 Monolithic Analog Current Switch 6-5 

AN-252 Speech Synthesis 13-43 

BLX-281 Speech Synthesis Expansion Module 13-3 

DAC0800 8-Bit Digital-to-Analog Converter 8-118 

DAC0801 8-Bit Digital-to-Analog Converter. 8-118 

DAC0802 8-Bit Digital-to-Analog Converter 8-118 

DAC0806 8-Bit D/A Converter 8-126 

DAC0807 8-Bit D/A Converter 8-126 

DAC0808 8-Bit D/A Converter 8-126 

DAC0830 MICRO-DAC™ 8-Bit /*P Compatible Double-Buffered D to A Converter 8-133 

DAC0831 MICRO-DAC™ 8-Bit /*P Compatible Double-Buffered D to A Converter 8-133 

DAC0832 MICRO-DAC™ 8-Bit ptP Compatible Double-Buffered D to A Converter 8-133 

DAC1000 10-Bit, ^P Compatible, Double-Buffered D to A Converters 8-151 

DAC1001 10-Bit, nP Compatible, Double-Buffered D to A Converters 8-151 

DAC1002 10-Bit, /*P Compatible, Double-Buffered D to A Converters 8-151 

D AC 1006 10-Bit, ^P Compatible, Double-Buffered D to A Converters 8-151 

D AC 1007 10-Bit, fiP Compatible, Double-Buffered D to A Converters 8-151 

DAC1008 10-Bit, fiP Compatible, Double-Buffered D to A Converters 8-151 

DAC1020 10-Bit Binary Multiplying D/A Converter 8-173 

DAC1021 10-Bit Binary Multiplying D/A Converter 8-173 

DAC1022 10-Bit Binary Multiplying D/A Converter 8-173 

DAC1200 12-Bit (Binary) Digital-to-Analog Converter 8-183 

DAC1201 12-Bit (Binary) Digital-to-Analog Converter 8-183 

DAC1208 MICRO-DAC™ 12-Bit, /xP Compatible, Double-Buffered D to A Converter 8-189 

DAC1209 MICRO-DAC™ 12-Bit, ^ P Compatible, Double-Buffered D to A Converter 8-189 

DAC1210 MICRO-DAC™ 12-Bit, ^P Compatible, Double-Buffered D to A Converter 8-189 

DAC1218 12-Bit Binary Multiplying D/A Converter 8-204 

DAC1219 12-Bit Binary Multiplying D/A Converter 8-204 

DAC1220 12-Bit Binary Multiplying D/A Converter 8-173 






Alphanumerical Index (Continued) 

DAC1221 12 Bit Binary Multiplying D/A Converter 8-173 

DAC1222 12-Bit Binary Multiplying D/A Converter 8-173 

DAC1230 MICRO-DAC™ 12-Bit, ^P Compatible, Double-Buffered D to A Converter 8-189 

DAC1231 MICRO-DAC™ 12-Bit, fiP Compatible, Double-Buffered D to A Converter 8-189 

DAC1232 MICRO-DAC™ 12-Bit, fiP Compatible, Double-Buffered D to A Converter 8-189 

DAC1280 12-Bit Digital-to-Analog Converter 8-208 

DAC1280A 12-Bit Digital-to-Analog Converter 8-208 

DAC1280A-1 12-Bit Digital-to-Analog Converter 8-216 

DAC1280-1 12-Bit Digital-to-Analog Converter 8-216 

DAC1285 (DAC87) 12-Bit Digital-to-Analog Converter 8-220 

DAC1285A (DAC85) 12-Bit Digital-to-Analog Converter 8-220 

DM2502 Successive Approximation Register 8-228 

DM2503 Successive Approximation Register 8-228 

DM2504 Successive Approximation Register 8-228 

DT1000 DIGITALKER™ Speech Synthesis Evaluation Board : . . 13-7 

DTI 050 DIGITALKER™ Standard Vocabulary Kit 13-14 

DTI 051 DIGITALKER™ Speech Evaluation Kit 13-22 

DTI 052 DIGITALKER™ Basic Numbers Kit 13-24 

DT1053 DIGITALKER™ Standard Vocabulary Kit 13-14 

DTI 054 DIGITALKER™ Speech Evaluation Kit 13-22 

DTI 055 DIGITALKER™ Basic Numbers Kit 13-24 

DTI 056 DIGITALKER™ Standard Vocabulary Kit 13-26 

DTI 057 DIGITALKER™ Standard Vocabulary Kit 13-26 

LB-54 Circuit for Evaluation of Custom Vocabulary EPROM Prototype Set 13-41 

LF111 Voltage Comparators 5-5 

LF147 Wide Bandwidth Quad JFET Input Operational Amplifier 3-14 

LF155 Series Monolithic JFET Input Operational Amplifiers 3-22 

LF156 Series Monolithic JFET Input Operational Amplifiers 3-22 

LF157 Series Monolithic JFET Input Operational Amplifiers 3-22 

LF198 Monolithic Sample and Hold Circuit 7-5 

LF198A Monolithic Sample and Hold Circuit 7-5 

LF211 Voltage Comparator 5-5 

LF298 Monolithic Sample and Hold Circuit 7-5 

LF311 Voltage Comparator 5-5 

LF347 Wide Bandwidth Quad JFET Input Operational Amplifier 3-14 

LF351 Wide Bandwidth JFET Input Operational Amplifier 3-35 

LF353 Wide Bandwidth Dual JFET Input Operational Amplifier 3-42 

LF398 Monolithic Sample and Hold Circuit 7-5 

LF398A Monolithic Sample and Hold Circuit 7-5 

LF400C Fast Settling JFET Input Operational Amplifier 3-51 

LF411 Low Offset, Low Drift JFET Input Operational Amplifier 3-53 

LF411A Low Offset, Low Drift JFET Input Operational Amplifier 3-53 

LF412 Low Offset, Low Drift Dual JFET Input Operational Amplifier 3-60 

LF412A Low Offset, Low Drift Dual JFET Input Operational Amplifier 3-60 

LF441 Low Power JFET Input Operational Amplifier 3-66 

LF441A Low Power JFET Input Operational Amplifier 3-66 

LF442 Dual Low Power JFET Input Operational Amplifier 3-73 

LF442A Dual Low Power JFET Input Operational Amplifier 3-73 

LF444 Quad Low Power JFET Input Operational Amplifier 3-81 

LF444A Quad Low Power JFET Input Operational Amplifier 3-81 

LF11201 4 Normally Closed Switches 6-17 

LF11202 4 Normally Open Switches 6-17 

LF11331 4 Normally Open Switches With Disable 6-17 

LF11332 4 Normally Closed Switches With Disable 6-17 

LF11333 2 Normally Closed Switches and 2 Normally Open Switches With Disable 6-17 
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Alphanumerical Index (Continued) 

LF11508 8-Channel Analog Multiplexer 6-27 

LF11509 4-Channel Differential Analog Multiplexer 6-27 

LF13201 4 Normally Closed Switches 6-17 

LF13202 4 Normally Open Switches 6-17 

LF13300 Integrating A/D Analog Building Block 8-233 

LF13331 4 Normally Open Switches With Disable 6-17 

LF13332 4 Normally Closed Switches With Disable 6-17 

LF13333 2 Normally Closed Switches and 2 Normally Open Switches With Disable .... 6-17 

LF13508 8-Channel Analog Multiplexer 6-27 

LF13509 4-Channel Differential Analog Multiplexer 6-27 

LF13741 Monolithic JFET Input Operational Amplifier 3-88 

LH0002 Current Amplifier 3-291 

LH0002C Current Amplifier 3-291 

LH0003 Wide Bandwidth Operational Amplifier 3-294 

LH0003C Wide Bandwidth Operational Amplifier 3-294 

LH0004 High Voltage Operational Amplifier 3-296 

LH0004C High Voltage Operational Amplifier 3-296 

LH0005 Operational Amplifier 3-299 

LH0005A Operational Amplifier 3-299 

LH0005C Operational Amplifier 3-302 

LH0021 1.0 Amp Power Operational Amplifier 3-304 

LH0021C 1.0 Amp Power Operational Amplifier 3-304 

LH0022 High Performance FET Op Amp 3-311 

LH0022C High Performance FET Op Amp 3-311 

LH0023 Sample and Hold Circuit 7-14 

LH0023C Sample and Hold Circuit 7-14 

LH0024 High Slew Rate Operational Amplifier 3-318 

LH0024C High Slew Rate Operational Amplifier 3-318 

LH0032 Ultra Fast FET Operational Amplifier 3-321 

LH0032C Ultra Fast FET Operational Amplifier 3-321 

LH0033 Fast and Damn Fast Buffer Amplifier 3-327 

LH0033C Fast and Damn Fast Buffer Amplifier 3-327 

LH0036 Instrumentation Amplifier 4-18 

LH0036C Instrumentation Amplifier 4-18 

LH0038 True Instrumentation Amplifier 4-26 

LH0038C True Instrumentation Amplifier 4-26 

LH0041 0.2 Amp Power Operational Amplifier 3-304 

LH0041C0.2 Amp Power Operational Amplifier 3-304 

LH0042 Low Cost FET Op Amp 3-311 

LH0042C Low Cost FET Op Amp 3-31 1 

LH0043 Sample and Hold Circuit 7-14 

LH0043C Sample and Hold Circuit 7-14 

LH0044 Series Precision Low Noise Operational Amplifiers 3-338 

LH0045 Two Wire Transmitter 3-344 

LH0045C Two Wire Transmitter 3-344 

LH0052 Precision FET Op Amp 3-31 1 

LH0052C Precision FET Op Amp 3-31 1 

LH0053 High Speed Sample and Hold Amplifier 7-22 

LH0053C High Speed Sample and Hold Amplifier 7-22 

LH0061 0.5 Amp Wide Band, Operational Amplifier 3-355 

LH0061C0.5 Amp Wide Band Operational Amplifier 3-355 

LH0062 High Speed FET Operational Amplifier 3-358 

LH0062C High Speed FET Operational Amplifier 3-358 

LH0063 Fast and Damn Fast Buffer Amplifier 3-327 

LH0063C Fast and Damn Fast Buffer Amplifier 3-327 


13 





Alphanumerical Index (continued) 

LH0070 Series Precision BCD Buffered Reference 2-5 

LH0071 Series Precision Binary Buffered Reference 2-5 

LH0075 Positive Precision Programmable Regulator 2-9 

LH0076 Negative Precision Programmable Regulator 2-14 

LH0084 Digitally Programmable Gain Instrumentation Amplifier 4-37 

LH0084C Digitally Programmable Gain Instrumentation Amplifier 4-37 

LH0086 Digitally-Programmable-Gain Amplifier 3-364 

LH0086C Digitally-Programmable-Gain Amplifier 3-364 

LH0091 True RMS to DC Converter 9-291 

LH0094 Multifunction Converter 9-296 

LH0101 Power Operational Amplifier 3-371 

LH0101A Power Operational Amplifier ; . . . 3-371 

LH0101AC Power Operational Amplifier 3-371 

LH0101C Power Operational Amplifier 3-371 

LH1605 5 Amp, High Efficiency Switching Regulator 1-163 

LH1605C 5 Amp, High Efficiency Switching Regulator 1-163 

LH740A FET Input Operational Amplifier 3-382 

LH740AC FET Input Operational Amplifier 3-382 

LH2011 Dual Operational Amplifiers 3-384 

LH2011B Dual Operational Amplifiers 3-384 

LH2011C Dual Operational Amplifiers 3-384 

LH2101A Dual High Performance Op Amp 3-397 

LH2108 Dual Super Beta Op Amp 3-399 

LH2108A Dual Super Beta Op Amp 3-399 

LH21 10 Dual Voltage Follower 3-401 

LH21 11 Dual Voltage Comparator 5-11 

LH2201A Dual High Performance Op Amp 3-397 

LH2208 Dual Super Beta Op Amp 3-399 

LH2208A Dual Super Beta Op Amp 3-399 

LH2210 Dual Voltage Follower 3-401 

LH2211 Dual Voltage Comparator 5-11 

LH2301 A Dual High Performance Op Amp 3-397 

LH2308 Dual Super Beta Op Amp 3-399 

LH2308A Dual Super Beta Op Amp 3-399 

LH2310 Dual Voltage Follower 3-401 

LH2311 Dual Voltage Comparator 5-11 

LH24250 Dual Programmable Micropower Op Amp 3-403 

LH24250C Dual Programmable Micropower Op Amp 3-403 

LM10 Op Amp and Voltage Reference 3-99 

LM10B(L) Op Amp and Voltage Reference 3-99 

LM10C(L) Op Amp and Voltage Reference 3-99 

LM11 Operational Amplifer 3-115 

LM11C Operational Amplifier 3-115 

LM11CL Operational Amplifier 3-115 

LM101 A Operational Amplifier 3-128 

LM102 Voltage Follower 3-135 

LM103 Reference Diode 2-19 

LM104 Negative Regulator 1-10 

LM105 Voltage Regulator 1-13 

LM106 Voltage Comparator 5-13 

LM107 Operational Amplifier 3-140 

LM108 Operational Amplifier 3-144 

LM108A Operational Amplifier 3-149 

LM109 5-Volt Regulator 1-18 

LM110 Voltage Follower 3-154 
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Alphanumerical Index (Continued) 

LM111 Voltage Comparator 5-16 

LM112 Operational Amplifier 3-161 

LM113 Reference Diode 2-22 

LM117 3-Terminal Adjustable Regulator 1-23 

LM117HV High Voltage 3-Terminal Adjustable Regulator 1-31 

LM118 Operational Amplifier 3-165 

LM119 High Speed Dual Comparator 5-22 

LM120 Series 3-Terminal Negative Regulators 1-39 

LM121 Precision Preamplifier 4-5 

LM121A Precision Preamplifier 4-5 

LM122 Precision Timer 9-5 

LM123 3 Amp, 5 Volt Positive Regulator 1-47 

LM124 Low Power Quad Operational Amplifier 3-172 

LM124A Low Power Quad Operational Amplifier 3-172 

LM125 Voltage Regulator 1-51 

LM126 Voltage Regulator 1-51 

LM129 Precision Reference 2-25 

LM131 Precision Voltage-to-Frequency Converter 8-251 

LM131A Precision Voltage-to-Frequency Converter 8-251 

LM134 3-Terminal Adjustable Current Source 9-17 

LM135 Precision Temperature Sensor 9-25 

LM135A Precision Temperature Sensor 9-25 

LM136 2.5V Reference Diode 2-30 

LM136-5.0 5.0V Reference Diode 2-36 

LM137 3-Terminal Adjustable Negative Regulators . : 1-58 

LM137HV 3-Terminal Adjustable Negative Regulator (High Voltage) 1-63 

LM138 5 Amp Adjustable Power Regulators 1-68 

LM139 Low Power Low Offset Voltage Quad Comparator 5-27 

LM139A Low Power Low Offset Voltage Quad Comparator 5-27 

LM140 Series 3-Terminal Positive Regulators . 1-76 

LM140A Series 3-Terminal Positive Regulators 1-76 

LM140L Series 3-Terminal Positive Regulators 1-84 

LM143 High Voltage Operational Amplifier. , 3-181 

LM144 High Voltage, High Slew Rate Operational Amplifier 3-188 

LM145 Negative Three Amp Regulator 1-87 

LM146 Programmable Quad Operational Amplifier 3-194 

LM148 Series Quad 741 Op Amps 3-206 

LM149 Series Quad 741 Op Amps 3-206 

LM150 3 Amp Adjustable Power Regulator 1-91 

LM158 Low Power Dual Operational Amplifier 3-216 

LM158A Low Power Dual Operational Amplifier 3-216 

LM159 Dual, High Speed, Programmable Current Mode (Norton) Amplifier 3-226 

LM160 High Speed Differential Comparator 5-35 

LM161 High Speed Differential Comparator , 5-38 

LM163 Precision Instrumentation Amplifier 4-13 

LM185-1.2 Micropower Voltage Reference Diode 2-42 

LM185-2.5 Micropower Voltage Reference Diode 2-48 

LM192 Low Power Operational Amplifier/Voltage Comparator 3-242 

LM193 Low Power Low Offset Voltage Dual Comparator 5-41 

LM193A Low Power Low Offset Voltage Dual Comparator 5-41 

LM194 Supermatch Pair 12-4 

LM195 Ultra Reliable Power Transistor 12-10 

LM19610 Amp Adjustable Voltage Regulator 1-99 

LM199 Precision Reference 2-54 

LM199A Precision Reference 2-60 
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Alphanumerical Index (Continued) 

LM201A Operational Amplifier 3-128 

LM202 Voltage Follower 3-135 

LM204 Negative Regulator 1-10 

LM205 Voltage Regulator 1-13 

LM206 Voltage Comparator 5-13 

LM207 Operational Amplifier 3-140 

LM208 Operational Amplifier 3-144 

LM208A Operational Amplifier 3-149 

LM209 5-Volt Regulator 1-18 

LM210 Voltage Follower 3-154 

LM211 Voltage Comparator 5-16 

LM212 Operational Amplifier . • 3-161 

LM216 Operational Amplifier 3-246 

LM216A Operational Amplifier 3-246 

LM217 3-Terminal Adjustable Regulator 1-23 

LM217HV High Voltage 3-Terminal Adjustable Regulator 1-31 

, LM218 Operational Amplifier 3-165 

LM219 High Speed Dual Comparator ; 5-22 

LM221 Precision Preamplifier 4-5 

LM221A Precision Preamplifier 4-5 

LM222 Precision Timer 9-5 

LM223 3 Amp, 5 Volt Positive Regulator 1-47 

LM224 Low Power Quad Operational Amplifier 3-172 

LM224A Low Power Quad Operational Amplifier 3-172 

LM231 Precision Voltage-to-Frequency Converter 8-251 

LM231A Precision Voltage-to-Frequency Converter 8-251 

LM234 3-Terminal Adjustable Current Source 9-17 

LM235 Precision Temperature Sensor 9-25 

LM235A Precision Temperature Sensor 9-25 

LM236 2.5V Reference Diode 2-30 

LM236-5.0 5.0V Reference Diode 2-36 

LM237 3-Terminal Adjustable Negative Regulator 1-58 

LM237HV 3-Terminal Adjustable Negative Regulator (High Voltage) 1-63 

LM238 5 Amp Adjustable Power Regulator 1-68 

LM239 Low Power Low Offset Voltage Quad Comparator 5-27 

LM239A Low Power Low Offset Voltage Quad Comparator 5-27 

LM246 Programmable Quad Operational Amplifier 3-194 

LM250 3 Amp Adjustable Power Regulator 1-91 

LM258 Low Power Dual Operational Amplifier 3-216 

LM258A Low Power Dual Operational Amplifier 3-216 

LM260 High Speed Differential Comparator 5-35 

LM261 High Speed Differential Comparator 5-38 

LM285-1.2 Micropower Voltage Reference Diode 2-42 

LM285-2.5 Micropower Voltage Reference Diode 2-48 

LM292 Low Power Operational Amplifier/Voltage Comparator 3-242 

LM293 Low Power Low Offset Voltage Dual Comparator 5-41 

LM293A Low Power Low Offset Voltage Dual Comparator 5-41 

LM295 Ultra Reliable Power Transistor 12-10 

LM299 Precision Reference 2-54 

LM299A Precision Reference 2-60 

LM301A Operational Amplifier 3-128 

LM302 Voltage Follower 3-135 

LM304 Negative Regulator 1-10 

LM305 Voltage Regulator 1-13 

LM305A Voltage Regulator 1-13 
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Alphanumerical Index (Continued) 

LM306 Voltage Comparator 5-13 

LM307 Operational Amplifier 3-140 

LM308 Operational Amplifier 3-144 

LM308A Operational Amplifier 3-149 

LM308A-1 Operational Amplifier ' 3-149 

LM308A-2 Operational Amplifier 3-149 

LM309 5-Volt Regulator 1-18 

LM310 Voltage Fol lower 3-154 

LM311 Voltage Comparator 5-48 

LM312 Operational Amplifier 3-161 

LM313 Reference Diode 2-22 

LM316 Operational Amplifier 3-246 

LM316A Operational Amplifier 3-246 

LM317 3-Terminal Adjustable Regulator 1-23 

LM317HV High Voltage 3-Terminal Adjustable Regulator 1-31 

LM317L 3-Terminal Adjustable Regulator 1-111 

LM318 Operational Amplifier 3-165 

LM319 High Speed Dual Comparator 5-22 

LM320L Series 3-Terminal Negative Regulators 1-122 

LM320ML Series 3-Terminal Negative Regulators 1-122 

LM321 Precision Preamplifier 4-5 

LM321A Precision Preamplifier 4-5 

LM322 Precision Timer 9-5 

LM323 3 Amp, 5 Volt Positive Regulator 1-47 

LM324 Low Power Quad Operational Amplifier 3-172 

LM324A Low Power Quad Operational Amplifier 3-172 

LM325 Voltage Regulator 1-51 

LM325A Voltage Regulator 1-51 

LM326 Voltage Regulator 1-51 

LM329 Precision Reference 2-25 

LM330 3-Terminal Positive Regulator 1-128 

LM331 Precision Voltage-to-Frequency Converter 8-251 

LM331A Precision Voltage-to-Frequency Converter 8-251 

LM334 3-Terminal Adjustable Current Source 9-17 

LM335 Precision Temperature Sensor 9-25 

LM335A Precision Temperature Sensor 9-25 

LM336 2.5V Reference Diode 2-30 

LM336-5.0 5.0V Reference Diode 2-36 

LM337 3-Terminal Adjustable Negative Regulator 1-58 

LM337HV 3-Terminal Adjustable Negative Regulator (High Voltage) 1-63 

LM337L 3-Terminal Adjustable Regulator 1-134 

LM338 5 Amp Adjustable Power Regulator 1-68 

LM339 Low Power Low Offset Voltage Quad Comparator 5-27 

LM339A Low Power Low Offset Voltage Quad Comparator 5-27 

LM340 Series 3-Terminal Positive Regulators 1-76 

LM340A Series 3-Terminal Positive Regulators 1-76 

LM340L Series 3-Terminal Positive Regulators 1-84 

LM341 Series 3-Terminal Positive Regulators 1-136 

LM342 Series 3-Terminal Positive Regulators 1-139 

LM343 High Voltage Operational Amplifier 3-181 

LM344 High Voltage, High Slew Rate Operational Amplifier 3-188 

LM345 Negative Three Amp Regulator 1-87 

LM346 Programmable Quad Operational Amplifier 1-194 

LM350 3 Amp Adjustable Power Regulator 1-91 

LM358 Low Power Dual Operational Amplifier 3-216 
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Alphanumerical Index (Continued) 

LM358A Low Power Dual Operational Amplifier 3-216 

LM359 Dual, High Speed, Programmable Current Mode 

(Norton) Amplifiers 3-226 

LM360 High Speed Differential Comparator . 5-35 

LM361 Highspeed Differential Comparator 5-38 

LM363 Precision Instrumentation Amplifier 4-13 

LM376 Voltage Regulator 1-13 

LM377 Dual 2 Watt Audio Amplifier 10-9 

LM378 Dual 4 Watt Audio Amplifier 10-14 

LM379 Dual 6 Watt Audio Amplifier 10-18 

LM380 Audio Power Amplifier 10-22 

LM381 Low Noise Dual Preamplifier 10-26 

LM381A Low Noise Dual Preamplifier 10-26 

LM382 Low Noise Dual Preamplifier 10-29 

LM383 8 Watt Audio Power Amplifier 10-32 

LM383A8 Watt Audio Power Amplifier 10-32 

LM384 5 Watt Audio Power Amplifier 10-36 

LM385-1.2 Micropower Voltage Reference Diode 2-42 

LM385-2.5 Micropower Voltage Reference Diode 2-48 

LM386 Low Voltage Audio Power Amplifier 10-40 

LM387 Low Noise Dual Preamplifier 10-44 

LM387A Low Noise Dual Preamplifier 10-44 

LM388 1.5 Watt Audio Power Amplifier 10-47 

LM389 Low Voltage Audio Power Amplifier With NPN Transistor Array 10-52 

LM390 1 Watt Battery Operated Audio Power Amplifier 10-59 

LM391 Audio Power Driver 10-64 

LM392 Low Power Operational Amplifier/Voltage Comparator 3-242 

LM393 Low Power Low Offset Voltage Dual Comparator 5-41 

LM393A Low Power Low Offset Voltage Dual Comparator 5-41 

LM394 Supermatch Pair 12-4 

LM395 Ultra Reliable Power Transistor 12-10 

LM396 10 Amp Adjustable Voltage Regulator 1-99 

LM399 Precision Reference 2-54 

LM399A Precision Reference 2-60 

LM555 Timer. 9-33 

LM555C Timer 9-33 

LM556 Dual Timer 9-39 

LM556C Dual Timer 9-39 

LM565 Phase Locked Loop 9-42 

LM565C Phase Locked Loop 9-42 

LM566 Voltage Controlled Oscillator 9-47 

LM566C Voltage Controlled Oscillator 9-47 

LM567 Tone Decoder 9-50 

LM567C Tone Decoder 9-50 

LM709 Operational Amplifier 3-249 

LM709A Operational Amplifier 3-249 

LM709C Operational Amplifier 3-249 

LM710 Voltage Comparator 5-56 

LM710C Voltage Comparator 5-56 

LM711 Dual Comparator. s : . 5-59 

LM711C Dual Comparator 5-59 

LM723 Voltage Regulator 1-143 

LM723C Voltage Regulator 1-143 

LM725 (Instrumentation) Operational Amplifier 3-253 

LM725A (Instrumentation) Operational Amplifier 3-253 
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Alphanumerical Index (Continued) 

LM725C (Instrumentation) Operational Amplifier 3-253 

LM733 Differential Video Amp 9-54 

LM733C Differential Video Amp 9-54 

LM741 Operational Amplifier 3-257 

LM741A Operational Amplifier 3-257 

LM741C Operational Amplifier 3-257 

LM741E Operational Amplifier 3-257 

LM747 Dual Operational Amplifier 3-260 

LM747A Dual Operational Amplifier 3-260 

LM747C Dual Operational Amplifier 3-260 

LM747E Dual Operational Amplifier 3-260 

LM748 Operational Amplifier 3-265 

LM748C Operational Amplifier 3-265 

LM78XX Series Voltage Regulators 1-181 

LM78LXX Series 3-Terminal Positive Regulators 1-184 

LM78MXX Series 3-Terminal Positive Regulators 1-190 

LM79XX Series 3-Terminal Negative Regulators 1-193 

LM79LXXAC Series 3-Terminal Negative Regulators 1-198 

LM79MXX Series 3-Terminal Negative Regulators 1-202 

LM903 Fluid Level Detector 9-58 

LM909 Remote Control Receiver 9-64 

LM1014 Motor Speed Regulator 9-69 

LM1014A Motor Speed Regulator 9-69 

LM1017 4-Bit Binary 7-Segment Decoder/Driver 11-3 

LM1019N Digital Tuning Station Detector 11-7 

LM1035 Dual DC Operated Tone/Volume/Balance Circuit 10-75 

LM1037 Dual Four-Channel Analog Switch 10-80 

LM1038 Dual Four-Channel Analog Switch 10-85 

LM1112A Dolby B-Type Noise Reduction Processor 10-88 

LM1112B Dolby B-Type Noise Reduction Processor 10-88 

LM1112C Dolby B-Type Noise Reduction Processor 10-88 

LM1121A Dolby B-Type Noise Reduction Processor with DC Switching 10-94 

LM1121B Dolby B-Type Noise Reduction Processor with DC Switching 10-94 

LM1121C Dolby B-Type Noise Reduction Processor with DC Switching 10-94 

LM1131A Dual Dolby B-Type Noise Reduction Processor 10-97 

LM1131B Dual Dolby B-Type Noise Reduction Processor 10-97 

LM1131C Dual Dolby B-Type Noise Reduction Processor 10-97 

LM1310 Phase Locked Loop FM Stereo Demodulator 10-102 

LM1391 Pha%e Locked Loop Block 10-104 

LM1414 Dual Differential Voltage Comparator 5-62 

LM1458 Dual Operational Amplifier 3-268 

LM1496 Balanced Modulator-Demodulator 10-107 

LM1514 Dual Differential Voltage Comparator 5-62 

LM1524 Regulating Pulse Width Modulator 1-148 

LM1558 Dual Operational Amplifier 3-268 

LM1596 Balanced Modulator-Demodulator 10-107 

LM1800 Phase Locked Loop FM Stereo Demodulator 10-111 

LM1801 Smoke Detector 9-73 

LM1812 Ultrasonic Transceiver 9-77 

LM1815 Adaptive Sense Amplifier 9-85 

LM1818 Electronically Switched Audio Tape System 10-113 

LM1821S Video IF PLL Synchronous Detector 11-10 

LM1828 Color Television Chroma Demodulator IT-13 

LM1830 Fluid Detector 9-88 

LM1837 Low Noise Preamplifier for Autoreversing Tape Playback Systems 10-122 
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Alphanumerical Index (Continued) 


LM1848 Color Television Chroma Demodulator 11-13 

LM1851 Ground Fault Interrupter 9-94 

LM1865 Advanced FM IF System 10-132 

LM1866 Low Voltage AM/FM Receiver 10-146 

LM1868AM/FM Radio System 10-153 

LM1870 Stereo Demodulator with Blend 10-161 

LM1871 RC Encoder/Transmitter 9-101 

LM1872 Radio Control Receiver/Decoder 9-116 

LM1877 Dual Power Audio Amplifier 10-167 

LM1880 No-Holds Vertical/Horizontal 11-16 

LM1886 TV Video Matrix D to A 11-23 

LM1889 TV Video Modulator 11-28 

LM1894 Dynamic Noise Reduction System DNR™ 10-172 

LM1895 Audio Power Amplifier 10-179 

LM1896 Dual Power Audio Amplifier 10-184 

LM1897 Low Noise Preamplifier for Tape Playback Systems 10-191 

LM 1965 Advanced FM IF System 10-132 

LM2002 8-Watt Audio Power Amplifier 10-200 

LM2002A 8-Watt Audio Power Amplif ier 10-200 

LM2524 Regulating Pulse Width Modulator 1-148 

LM2808 Monolithic TV Sound System . . . . 11-37 

LM2877 Dual 4-Watt Power Audio Amplifier 10-204 

LM2878 Dual 5 Watt Power Audio Amplifier 10-210 

LM2895 Audio Power Amplifier 10-179 

LM2896 Dual Power Audio Amplifier 10-184 

LM2900 Quad Amplifier 3-270 

LM2901 Low Power Low Offset Voltage Quad Comparator 5-27 

LM2902 Low Power Quad Operational Amplifier 3-172 

LM2903 Low Power Low Offset Voltage Dual Comparator 5-41 

LM2904 Low Power Dual Operational Amplifier 3-216 

LM2905 Precision Timer 9-5 

LM2907 Frequency to Voltage Converter 9-135 

LM2917 Frequency to Voltage Converter 3-135 

LM2924 Low Power Operational Amplifier/Voltage Comparator 3-242 

LM2930 3-Terminal Positive Regulator 1-170 

LM2931 Series Low Dropout Regulators . 1-176 

LM3011 Wide Band Amplifier 10-216 

LM3045 Transistor Array 12-18 

LM3046 Transistor Array 12-18 

LM3064 Television Automatic Fine Tuning 11-41 

LM3075 FM Detector/Limiter and Audio Preamplifier 10-218 

LM3080 Operational Transconductance Amplifier 9-148 

LM3080A Operational Transconductance Amplifier 9-148 

LM3086 Transistor Array 12-18 

LM3089 FM Receiver IF System ' 10-220 

LM3146 High Voltage Transistor Array 12-23 

LM3189 FM Receiver IF System 10-224 

LM3301 Quad Amplifier 3-270 

LM3302 Low Power Low Offset Voltage Quad Comparator 5-27 

LM3401 Quad Amplifier 3-270 

LM3524 Regulating Pulse Width Modulator 1-148 

LM3820 AM Radio System 10-231 

LM3900 Quad Amplifier 3-270 

LM3905 Precision Timer 9-5 

LM3909 LED Flasher/Oscillator 9-152 




Alphanumerical Index (Continued) 

LM3911 Temperature Controller 9-156 

LM3914 Dot/Bar Display Driver 9-163 

LM3915 Dot/Bar Display Driver 9-177 

LM3916 Dot/Bar Display Driver 9-193 

LM3999 Precision Reference 2-63 

LM4250 Programmable Operational Amplifier 3-279 

LM4250C Programmable Operational Amplifier 3-279 

LM4500A High Fidelity FM Stereo Blend Demodulator 10-235 

LM11600A Dual Operational Transconductance Amplifier 

With Linearizing Diodes and Buffers 10-242 

LM11700A Dual Operational Transconductance Amplifier 

with Linearizing Diodes and Buffers 10-258 

LM13080 Programmable Power Op Amp 3-284 

LM13600 Dual Operational Transconductance Amplifier 

With Linearizing Diodes and Buffers 10-242 

LM13600A Dual Operational Transconductance Amplifier 

With Linearizing Diodes and Buffers 10-242 

LM13700 Dual Operational Transconductance Amplifier 

with Linearizing Diodes and Buffers 10-258 

LM13700A Dual Operational Transconductance Amplifier 

with Linearizing Diodes and Buffers 10-258 

MF10 Universal Monolithic Dual Switched Capacitor Filter 9-212 

MM54104 DIGITALKER™ Speech Synthesis System 13-34 

MM54C905 12-Bit Successive Approximation Register 8-262 

MM74C905 12-Bit Successive Approximation Register 8-262 

TBA120S IF Amplifier and Detector 10-274 

TBA120T IF Amplifier and Detector 10-277 

TBA120U IF Amplifier and Detector 10-277 

TBA440C Monolithic Video IF Amplifier 11-43 

TBA510 Chrominance Combination 11-45 

TBA530 RGB Matrix Preamplifier 11-49 

TBA540 Reference Combination 11-52 

TBA560C Luminance and Chrominance Control Combination 11-56 

TBA920 Line Oscillator Combination 11-60 

TBA920S Line Oscillator Combination 11-60 

TBA950-2 Television Signal Processing Circuit 11-63 

TBA970 Television Video Amplifier 11-67 

TBA990 Color Demodulator 11-70 

TDA440 Video IF Amplifier 11-72 

TDA2003 Audio Power Amplifier 10-281 

TDA2522 Color Demodulation Combination 11-76 

TDA2523 Color Demodulation Combination 11-76 

TDA2530 R-G-B Matrix Preamplifier With Clamps 11-78 

TDA2540 Video IF Amplifier and Demodulator 11-81 

TDA2541 Video IF Amplifier and Demodulator 11-84 

TDA2560 Luminance and Chrominance Control Combination 11-87 

TDA2591 Line Oscillator Combination 11-90 

TDA2593 Line Oscillator Combination 11-90 

TDA3500 Chroma Processor + RGB Drive Combination 11-96 

TD3501 Chroma Processor + RGB Drive Combination 11-102 

TP3020 Monolithic CODEC 9-229 

TP3021 Monolithic CODEC 9-229 

TP3040 PCM Monolithic Filter 9-238 

TP3040A PCM Monolithic Filter 9-238 

TP3040A PCM Monolithic Filter 9-238 
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Alphanumerical Index (Continued) 

TP3051 Monolithic Parallel Interface CODEC/Filter Family 9-245 

TP3052 Monolithic Serial Interface CODEC/Filter Family 9-247 

TP3053 Monolithic Serial Interface CODEC/Filter Family 9-247 

TP3054 Monolithic Serial Interface CODEC/Filter Family 9-247 

TP3056 Monolithic Parallel Interface CODEC/Filter Family 9-245 

TP3057 Monolithic Serial Interface CODEC/Filter Family 9-247 

TP3110 Digital Line Interface Controllers (DLIC) 9-249 

TP3120 Digital Line Interface Controllers (DLIC) 9-249 

TP5087DTMF (TOUCH-TONE®) Generator 9-250 

TP5087ADTMF (TOUCH-TONE®) Generator 9-250 

TP5088 DTMF Generator for Binary Input Data 9-254 

TP5092DTMF (TOUCH-TONE®) Generator 9-250 

TP5092A DTMF (TOUCH-TONE®) Generator 9-250 

TP5094 DTMF (TOUCH-TONE®) Generator 9-250 

TP5094A DTMF (TOUCH-TONE®) Generator 9-250 

TP5116A Monolithic CODEC 9-223 

TP5117A Monolithic CODEC 9-223 

TP5156A Monolithic CODEC 9-223 

TP5393 Pushbutton Pulse Dialer Circuit 9-271 

TP5394 Pushbutton Pulse Dialer Circuit 9-271 

TP5395 DTMF (TOUCH-TONE®) Generator 9-266 

TP5600 Ten-Number Repertory Pulse Dialer 9-281 

TP5605 Ten-Number Repertory Pulse Dialer 9-281 

TP5610 Ten-Number Repertory Pulse Dialer 9-281 

TP5615 Ten-Number Repertory Pulse Dialer 9-281 

TP5650 Ten-Number Repertory DTMF Generator 9-287 

TP5660 Ten-Number Repertory DTMF Generator 9-287 

TP9151 Push Button Pulse Dialer Circuit with Redial 9-255 

TP9152 Push Button Pulse Dialer Circuit with Redial 9-255 

TP9156 Push Button Pulse Dialer Circuit with Redial 9-255 

TP9158 Push Button Pulse Dialer Circuit with Redial 9-255 

TP50981 Push Button Pulse Dialer Circuit 9-260 

TP50981A Push Button Pulse Dialer Circuit 9-260 

TP50982 Push Button Pulse Dialer Circuit 9-260 

TP50982A Push Button Pulse Dialer Circuit 9-260 

TP50985 Push Button Pulse Dialer Circuit v 9-260 

TP50985A Push Button Pulse Dialer Circuit 9-260 

TP53125 DTMF (TOUCH-TONE®) Generator 9-266 

TP53130 DTMF (TOUCH TONE®) Generator 9-276 

TP53143 Pushbutton Pulse Dialer Circuit 9-271 

TP53144 Pushbutton Pulse Dialer Circuit 9-271 
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Voltage Regulators 






Voltage Regulators t 

Section Contents 


Voltage Regulator Guide 1-3 

Precision Regulator Guide 1-7 

Definition of Terms 1-8 

Fixed or Adjustable Voltage Regulators 1-9 

Positive 3-Terminal Fixed 

LM109/LM209/LM309 5-Volt Regulator 1-18 

LM123/LM223/LM323 3 Amp, 5 Volt Positive Regulator 1-47 

LM 1 40A/LM 1 40/LM340A/LM340 Series 3-Terminal Positive Regulators 1-76 

LM140L/LM340L Series 3-Terminal Positive Regulators 1-84 

LM330 3-Terminal Positive Regulator 1-128 

LM341 Series 3-Terminal Positive Regulators 1-136 

LM342 Series 3-Terminal Positive Regulators 1-139 

LM2930 3-Terminal Positive Regulator 1-170 

LM2931 Series Low Dropout Regulators 1-176 

LM78XX Series Voltage Regulators 1-181 

LM78LXX Series 3-Terminal Positive Regulators 1-184 

LM78MXX Series 3-Terminal Positive Regulators 1-190 

Positive 3-Terminal Adjustable 

LM117/LM217/LM317 3-Terminal Adjustable Regulator 1-23 

LM117HV/LM217HV/LM317HV High Voltage 3-Terminal Adjustable Regulator 1-31 

LM 1 38/LM238/LM338 5 Amp Adjustable Power Regulators 1-68 

LM 1 50/LM250/LM350 3 Amp Adjustable Power Regulators 1-91 

LM196/LM396 10 Amp Adjustable Voltage Regulators 1-99 

LM317L 3-Terminal Adjustable Regulator . 1-111 

Positive Multi-Terminal Adjustable 

LM105/LM205/LM305/LM305A, LM376 Voltage Regulators 1-13 

LM723/LM723C Voltage Regulator 1-143 

Negative 3-Terminal Fixed 

LM120 Series 3-Terminal Negative Regulators 1-39 

LM 1 45/LM245/LM345 Negative Three Amp Regulator 1-87 

LM320L/LM320ML Series 3-Terminal Negative Regulators 1-122 

LM79XX Series 3-Terminal Negative Regulators 1-193 

LM79LXXAC Series 3-Terminal Negative Regulators 1-198 

LM79MXX Series 3-Terminal Negative Regulators 1-202 

Negative 3-Terminal Adjustable 

LM 1 37/LM237/LM337 3-Terminal Adjustable Negative Regulators 1-58 

LM137HV/LM237HV/LM337HV 3-Terminal Adjustable 

Negative Regulators (High Voltage) 1-63 

LM337L 3-Terminal Adjustable Regulator 1-134 

Negative Multi-Terminal Adjustable 

LM104/LM204/LM304 Negative Regulator 1-10 

LM723/LM723C Voltage Regulator 1-143 

Dual Tracking 

LM 1 25/LM325/LM325A, LM126/LM326 Voltage Regulators 1-51 

Switching 

LH1605/LH1605C 5 Amp, High Efficiency Switching Regulator 1-163 

LM 1 04/LM204/LM304 Negative Regulator 1-10 

LM723/LM723C Voltage Regulator 1-143 

LM 1 524/ LM 2524/ LM 3524 Regulating Pulse Width Modulator 1-148 


f For more information see National Semiconductor’s Voltage Regulator Handbook. 
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3-TERM INAL POSITIVE VOLTAGE REGULATORS 

Output 

Current 

(A) 

Device 

Available 

v OUT 

(V) 

v OUT 

Tol. 

(±%) 

Regulation 

V|N 

(V) 

Max 

Ripple 

Rejection 

(dB) 

Line (Note 1) 

% v 0 ut/Vin 

Load (Note 2) 
%V 0 UT/V|N 

10 

LM196, LM396 

1.25 to 15 (Adjustable) 

N/A 

0.005 

0.1 

20 

74 

5 

LM138, LM238 

1.2 to 32 (Adjustable) 

N/A 

0.005 

0.1 

35 

86 


LM338 

1 .2 to 32 (Adjustable) 

N/A 

0.005 

0.1 

35 

86 

3 

LM150, LM250 

1 .2 to 32 (Adjustable) 

N/A 

0.005 

0.1 

35 

86 


LM350 

1 .2 to 32 (Adjustable) 

N/A 

0.005 

0.1 

35 

86 


LM123K, LM223K 

5 

6 

0.01 

0.5 

20 

75 


LM323K 

5 

4 

0.01 

0.5 

20 

75 

1.5 

LM117, LM217 

1 .2 to 37 (Adjustable) 

N/A 

0.01 

0.1 

40 

80 


LM317 

1 .2 to 37 (Adjustable) 

N/A 

0.01 

0.1 

40 

80 


LM117HV, LM217HV 

1 .2 to 57 (Adjustable) 

N/A 

0.01 

0.1 . 

60 

80 


LM317HV 

1 .2 to 57 (Adjustable) 

N/A 

0.01 

0.1 

60 

80 


LM109K, LM209K 

5 

6 

0.004 

1.0 

35 

80 


LM309K 

5 

4 

0.004 

1.0 

35 

80 


LM140K 

5,12, 15 

4 

0.02 

0.5 

35 

66-80 


LM140AK 

5,12, 15 

2 

0.002 

0.1 

35 

66-80 


LM340 

5,12, 15 

4 

0.02 

0.5 

35 

66-80 


LM340A 

5,12, 15 

2 

0.002 

0.1 

35 

66-80 


LM78XXC 

5.12, 15 

4 

0.03 

0.5 

35 

66-80 

0.5 

LM117H, LM217H 

1.2 to 37 (Adjustable) 

N/A 

0.01 

0.1 

40 

80 


LM317H 

1 .2 to 37 (Adjustable) 

N/A 

0.01 

0.1 

40 

80 


LM117HVH, LM217HVH 

1 .2 to 37 (Adjustable) 

N/A 

0.01 

0.1 

40 

80 


LM317HVH 

1 .2 to 37 (Adjustable) 

N/A 

0.01 

0.1 

40 

80 


LM317M 

1 .2 to 37 (Adjustable) 

N/A 

0.01 

0.1 

40 

80 


LM341 

5.12,15 

4 

0.02 

0.5 

35 



LM78MXX 

5,12, 15 

4 

0.03 

0.5 

35 


0.25 

LM342 

5,12, 15 

4 

0.03 

0.5 

35 

53-64 

0.20 

LM109H, LM209H 

5 

6 

0.004 

0.4 

35 

80 


LM309H 

5 

4 

0.004 

0.4 

35 

80 


LM2930T 

5, 8 

±10 



26V 

56 


LM330T 

5 

±6 



26V 

56 

0.15 

LM2931 

5 and Adjustable 

±5 

0.008 

0.02 

26 

80 

0.10 

LM140L, LM240L 

5, 12, 15 

2 

0.02 

0.25 

35 

48-62 


LM317L 

1 .2 to 37 (Adjustable) 

N/A 

0.01 

0.1 

40V 

65 


LM340L 

5,12,15 

2 

0.02 

0.25 

35 

48-62 


LM78LXXA 

5,12,15 

4 

0.03 

0.25 

35 

45-60 

Note 1 : Line regulation is the change in output voltage for a change in input voltage. 






Note 2: Load regulation is the change in output voltage due to a change in load current from no load to full load. 
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Voltage 

Regulator Guide 



5 8 12 15 

V 0 - NOMINAL REGULATED OUTPUT VOLTAGE (V) 


■ 

PACKAGE 

DESIGNATOR 

PACKAGE 

TYPE 

m 

K 

KC 

K STEEL 

TO-3* 

HERMETIC 

& 

T 

TO-220 

PLASTIC 


P 

TO-202 

PLASTIC 

.jQ 

H 

TO-5, TO-39 
HERMETIC 


Z 

TO-92 

PLASTIC 


* All devices with TO-3 package desig- 
nators (K or K STEEL ) are supplied 
in steel TO-3 packages unless otherwise 
designated as (AL) aluminum TO-3 
package. All KC designated devices 
are supplied in aluminum TO-3. 







3-TERMINAL NEGATIVE VOLTAGE REGULATORS 


Output 


Available 

v OUT 

Regulation 

V|N 

Ripple 

Current 

Device 

v OUT 

Tol. 

Line (Note 1) 

Load (Note 2) 

(V) 

Rejection 

(A) 


(V) 

. (±%) 

% v out/ v in 

%v 0 ut/Vin 

Max 

(dB) 

3 

LM145K, LM245K 

-5.0, -5.2 

2 

0.008 

0.6 

20 

68 


LM345K 

-5.0, -5.2 

4 

0.008 

0.6 

20 

68 

1.5 

LM137, LM237 

—1 .2 to —37 (Adjustable) 

N/A 

0.006 

0.3 

40 

77 


LM337 

—1.2 to —37 (Adjustable) 

N/A 

0.007 

0.3 

40 

77 


LM137HV, LM237HV 

—1.2 to -47 (Adjustable) 

N/A 

0.006 

0.3 

50 

77 


LM337HV 

—1.2 to —47 (Adjustable) 

N/A 

0.007 

0.3 

50 

77 


LM120K 

-5 

2 

0.02 

0.3 

25 

64 



-12,-15 




35 (12V) 

80 







40 (15V) 

75 








70 


LM320K 

-5 

4 

0.02 

0.3 

25 

64 



-12,-15 




35 (12V) 

80 







40 (15V) 

75 








70 


LM320T 

-5 

4 

0.02 

0.3 

25 

64 



-12,-15 




35 (12V, 15V) 

75-80 

70 


LM79XXC 

-5 

-12,-15 

4 

0.03 

0.4 

35 

66-70 

0.5 

LM137H, LM237H 

—1.2 to —37 (Adjustable) 

N/A 

0.006 

0.3 

40 

77 


LM337H 

-1 .2 to —37 (Adjustable) 

N/A 

0.007 

0.3 

40 

77 


LM137HVH, LM237HVH 

—1.2 to —47 (Adjustable) 

N/A 

0.006 

0.3 

50 

77 


LM337HVH 

—1 .2 to —47 (Adjustable) 

N/A 

0.007 

0.3 

50 

77 


LM337M 

—1 .2 to —37 (Adjustable) 

N/A 

0.007 

0.3 

40 

77 


LM120H 

-5.0 

2 

0.02 

0.6 

25 

64 


LM320H 

-5.0 

4 

0.02 

0.6 

25 

64 


LM320M 

-5 

4 

0.02 

0.6 

25 

60-64 



-12,-15 

4 



35 (12V, 15V) 

70-80 


LM79MXX 

-5, -12,-15 

4 

0.03 

0.7 

35 

58-60 

0.25 

LM320ML 

-5 

-12,-15 

4 

0.01 

0.5 

35 

50-60 

0.20 

LM120H 

-12 

2 

0.02 

0.1 

35 (12V) 

70-80 


LM320H 

-15 

4 

0.02 

0.1 

40 (15V) 


0.10 

LM320L 

-5 

-12,-15 

4 

0.01 

0.5 

35 

60-65 


LM337LZ 

-1.2 to -37 

N/A 

0.01 

0.1 

40 

65 


LM79LXXA 

-5, -12, -15 

4 

0.02 

0.6 

35 

50-55 
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GUARANTEED OUTPUT CURRENT (AMPS) 


| LM145K/LM245K/LM345K 







00 



LM137HVH/LM237HVH/LM337HVH 
LM137H/IM237H/LM337H « 


Iq I I 1 

-A* — ADJUSTABLE 

I I f 

- ADJUSTABLE 


- ADJUSTABLE 


LM320MP 

LM79MXXCP 


LM32QMLP 


LM32QLCZ 

LM79LXXCZ 

LM79LXXACZ 

LM337LZ 


f * 

I I 


-t-1 

4 >. 4 > 



-JP- ADJUSTABLE-! 


Voltage 

Regulator Guide 


PACKAGE PACKAGE 
DESIGNATOR TYPE 


TO-3 

HERMETIC 



TO-220 

PLASTIC 


TO-202 

PLASTIC 


TO-5, TO-39 
HERMETIC 


TO-92 

PLASTIC 


* All devices with TO-3 package desig- 
nators (K or K STEEL ) are supplied 
in steel TO-3 packages unless otherwise 
designated as (AL) aluminum TO-3 
package. All KC designated devices 
are supplied in aluminum TO-3. 


-24 -18 -15 -12 -10 -9 -8 


V 0 - NOMINAL REGULATED OUTPUT VOLTAGE (V) 






















Function 

Features 

Line 

Reg 

Load 

Reg 


V 0 UT 

Toler. 

@25°C 

(Max) 



* 

Page 

Number 


BB 

Positive Programmable Voltage 
Regulator 

Internal programming resistors, 
adjustable current limit, 
V 0UT = 5, 6, 8, 10, 12, 15, 18 V 

0.008% 

0.055% 

0.1-200 

0.5% 

1% 

0.5% 

1% 


LH0075 


7-8 

Negative Programmable Voltage 
Regulator 



7-13 


* Refers to Hybrid Products Databook, 1982 edition 
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Definition of Terms 


National 

Semiconductor 


Voltage Regulators 



Definition of Terms 

Current-Limit Sense Voltage: The voltage across the 
current limit terminals required to cause the regulator 
to current-limit with a short circuited output. This 
voltage is used to determine the value of the external 
current-limit resistor when external booster transistors 
are used. 

Dropout Voltage: The input-output voltage differential 
at which the circuit ceases to regulate against further 
reductions in input voltage. 

Feedback Sense Voltage: The voltage, referred to 
ground, on the feedback terminal of the regulator while 
it is operating in regulation. 

Input Voltage Range: The range of dc input voltages 
over which the regulator will operate within specifica- 
tions. 


Output- Input Voltage Differential: The voltage differ- 
ence between the unregulated input voltage and the 
regulated output voltage for which the regulator will 
operate within specifications. 

Output Noise Voltage: The RMS ac voltage at the 
output with constant load and no input ripple, measured 
over a specified frequency range. 

Output Voltage Range: The range of regulated output 
voltages over which the specifications apply. 

Output Voltage Scale Factor: The output voltage 
obtained for a unit value of resistance between the 
adjustment terminal and ground. 

Quiescent Current: That part of input current to the 
regulator that is not delivered to the load. 


Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made 
under conditions of low dissipation or by using pulse 
techniques such that the average chip temperature is 
not significantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 


Ripple Rejection: The line regulation for ac input 
signals at or above a given frequency with a specified 
value of bypass capacitor on the reference bypass 
terminal. 

Standby Current Drain: That part of the operating 
current of the regulator which does not contribute to 
the load current. 


Long Term Stability: Output voltage stability under 
accelerated life-test conditions at 125°C with maximum 
rated, voltages and power dissipation for 1000 hours. 

Maximum Power Dissipation: The maximum total 
device dissipation for which the regulator will operate 
within specifications. 


Temperature Stability: The percentage change in output 
voltage for a thermal variation from room temperature 
to either temperature extreme. 

Thermal Regulation: Percentage change in output 
voltage for a given change in power dissipation over a 
specified time period. 


1-8 



National 
Semiconductor 

Fixed or Adjustable Voltage Regulators 


Performance 

H Improves system performance by having line and load 
regulation a factor of 10 better 
■ Has improved overload protection thus allowing 
greater output current over operating temperature 
range 


The fixed voltage regulators, like the 7800 and 7900 
series, resulted in customers having to stock and hold in 
inventory quantities of each voltage in order to always 
have on hand a specific device for a particular system. 

This proved to be very costly especially when production 
was stopped due to shortage of a particular voltage. 

Adjustables combine versatility, performance and relia- 
bility, leading to increased popularity. As more and more applications use adjustable 

regulators, we believe that they will become the most 
popular regulators in the industry. 

Versatility 

■ Satisfy output voltage requirements from 1.2V up to 
47V 

■ Simplify inventory and purchasing since a single 
device satisfies many voltage requirements 

■ Allows precision application 


Reliability 

■ Improves system reliability with each device being 
subjected to 100% thermal limit burn-in 


At National we see the trend moving toward the use of 
more adjustable regulators and we are broadening the 
adjustable line to satisfy this demand. 

As you browse through this Voltage Regulator section 
you will notice many changes. We’ve expanded the ad- 
justable regulator line and many voltage options on fixed 
regulators have been deleted. 




Fixed or Adjustable 
Voltage Regulators 




LM104/LM204/LM304 


5 


National 
Semiconductor 

LM104/LM204/LM304 Negative Regulator 


Voltage Regulators 


General Description 

The LM104 series are precision voltage regulators 
which can b6 programmed by a single external 
resistor to supply any voltage from 40V down to 
zero while operating from a single unregulated 
supply. They can also provide 0.01 -percent regula- 
tion in circuits lising a separate, floating bias 
supply, where the output voltage is limited only 
by the breakdown of external pass transistors. 
Although designed primarily as linear, series 
regulators, the circuits can be used as switching 
regulators, current regulators or in a number of 
other control applications. Typical performance 
characteristics are: 

■ Subsurface zener reference 

■ 1 mV regulation no load to full load 

■ 0.01 %/V line regulation ' 

■ 0.2 mV/V ripple rejection 


■ 0.3% temperature stability over military tem- 
perature range 

The LM104 series are complements of the LM100 
and LM105 positive regulators, intended for 
systems requiring regulated negative voltages 
which have a common ground with the unregu- 
lated supply. By themselves, they can deliver 
output currents to 25 mA, but external transistors 
can be added to get any desired current. The 
output voltage is set by external resistors, and 
either constant or foldback current limiting is 
made available. 

The LM104 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM204 is specified for operation over the -25°C to 
+85°C temperature range. The LM304 is specified 
for operation from 0°C to +70°C. 


Schematic and Connection Diagrams 


ADJUSTMENT 




Note: Pm 5 connected to case. 

TOP VIEW 

Order Number LM104H, LM204H or LM304H 
See NS Package H10C 
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Absolute Maximum Ratings 




LM104/LM204 

LM304 

Input Voltage 

50V 

40V 

Input-Output Voltage Differential 

50V 

40V 

Power Dissipation (Note 1) 

Operating Temperature Range 

500 mW 

500 mW 

LM 104 

-55°C to 1 25° C 


LM204 

-25° C to 85°C 


LM304 


0°C to +70°C 

Storage Temperature Range 

-65° C to 1 50° C 

-65° C to +150°C 

Lead Temperature (Soldering, 10 sec) 

Electrical Characteristics 

300° C 

300° C 


PARAMETER 

CONDITIONS 

LM104/LM204 

LM304 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Voltage Range 


-50 


-8 

-40 


-8 

V 

Output Voltage Range 


-40 


-0.015 

-30 


-0.035 

V 

Output-Input Voltage 

l Q = 20 mA 

2.0 


50 

2.0 


40 

V 

Differential (Note 3) 

Iq = 5 mA 

0.5 


50 

0.5 


40 

V 

Load Regulation (Note 4) 

0< l 0 <20 mA 

R gQ = 1 5£7 


1 

5 


1 

5 

mV 

Line Regulation (Note 5) 

Vqut < — 5V 

AV 1N =0.1 V IN 


0.056 

0.1 


0.056 

0.1 

% 

Ripple Rejection 

C 19 = 10 mF, f = 120 Hz 
V IN <-15V 


0.2 

0.5 


0.2 

0.5 

mV/V 


— ?V> V, N > —1 5V 


0.5 

1.0 


0.5 

1.0 

mV/V 

Output Voltage Scale Factor 

R 23 = 2.4k 

1.8 

2.0 

2.2 

1.8 

2.0 

2.2 

V/kft 

Temperature Stability 

> 

7 

VI 

o 

> 


0.3 

1.0 


0.3 

1.0 

% 

Output Noise Voltage 

10 Hz<f < 10 kHz 









V Q < — 5V, C 19 =0 


0.007 



0.007 


% 


C 19 = 10/iF 


15 



15 


AtV 

Standby Current Drain 

l L =5mA, V Q =0 


1.7 

2.5 


1.7 

2.5 

mA 


V 0 = -30V 





3.6 

5.0 

mA 


V 0 = -40V 


3.6 

5.0 




mA 

Long Term Stability 

> 

7 

VI 

0 

> 


0.01 

1.0 


0.01 

1.0 

% 


Note 1: The maximum junction temperature of the LM104 is 150°C, while that of the LM204 is 125°C and LM304 is 100°C. 
For operating at elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, 
junction to ambient, or 45°C/W, junction to case. 

Note 2: These specifications apply for junction temperatures between -55 U C and 150°C {between -25° C and 100°C for the 
LM204 and 0°C to +85°C for the LM304) and for input and output voltages within the ranges given, unless otherwise specified. 
The load and line regulation specifications are for constant junction temperature. Temperature drift effects must be taken into 
account separately when the unit is operating under conditions of high dissipation. 

Note 3: When external booster transistors are used, the minimum output-input voltage differential is increased, in the worst case, 
by approximately IV. 

Note 4: The output currents given, as well as the load regulation, can be increased by the addition of external transistors. The 
improvement factor will be roughly equal to the composite current gain of the added transistors. 

Note 5: With zero output, the dc line regulation is determined from the ripple rejection. Hence, with output voltages between OV 
and — 5V, a dc output variation, determined from the ripple rejection, must be added to find the worst-case line regulation. 


1-11 


LM104/LM204/LM304 





OUTPUT VOLTAGE DEVIATION (mV) CURRENT-LIMIT SENSE VOLTAGE (V) SUPPLY VOLTAGE REJECTION (%/V) OUTPUT VOLTAGE DEVIATION (mV) 








National 

JtSi Semiconductor 


Voltage Regulators 


LM105/LM205/LM305/LM305A, LM376 Voltage Regulators 


General Description 

The LM105 series are positive voltage regulators 
similar to the LM100, except that an extra gain 
stage has been added for improved regulation. 
A redesign of the biasing circuitry removes any 
minimum load current requirement and at the 
same time reduces standby current drain, permit- 
ting higher voltage operation. They are direct, 
plug-in replacements for the LM100 in both 
linear and switching regulator circuits with output 
voltages greater than 4.5V. Important characteris- 
tics of the circuits are: 

■ Output voltage adjustable from 4.5V to 40 V 

■ Output currents in excess of 10A possible by 
adding external transistors 

■ Load regulation better than 0.1%, full load with 
current limiting 

■ DC line regulation guaranteed at 0.03%/V 


Ripple rejection of 0.01 %/V 

45 mA output current without external pass 
transistor (LM305A) 


Like the LM100, they also feature fast response to 
both load and line transients, freedom from 
oscillations with varying resistive and reactive 
loads and the ability to start reliably on any load 
within rating. The circuits are built on a single 
silicon chip and are supplied in either an 8-lead, 
TO-5 header or a 1/4” x 1/4” metal flat package. 

The LM105 is specified for operation for-55°C< 
T a <+125°C, the LM205 is specified for-25°C< 
T a < +85°C, and the LM305/LM305A, LM376 is 
specified for 0°C < T A < +70°C. 


Schematic and Connection Diagrams 



Dual-in-Line Package 


Metal Can Package 




Order Number LM376N 
See NS Package N08B 


Note: Pin 4 connected to case. 

TOP VIEW 

Order Number LM105H, 
LM205H, LM305H or LM305AH 
See NS Package H08C 


Pin connections shown are for metal can. 

Typical Applications 

10A Regulator with Foldback Current Limiting 


1.0A Regulator with Protective Diodes 




t Protects against shorted input 
or inductive loads on unregu- 
lated supply. 


Protects against output 
voltage reversal. 


^Solid tantalum. 
•Electrolytic. 
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LM105/LM205/ 
LM305/LM305A, LM376 


Absolute Maximum Ratings lmiob 

LM205 

LM305 

LM305A 

LM376 

Input Voltage 

50V 

50V 

40V 

50V 

40V 

Input-Output Differential 

40V 

40V 

40V 

40V 

40V 

Power Dissipation (Note 1) 

800 mW 

800 mW 

800 mW 

800 mW 

400 mW ' 

Operating Temperature Range 

-55°C to +125°C 

-25°C to +85°C 

0°C to +70° C 

0°C to +70°C 

0°C to +70°C 

Storage Temperature Range 

-65°C to +1 50°C 

-65°C to +1 50°C 

-65°C to +1 50°C 

-65° C to +1 50° C 

-€5°C to +150°< 

Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics 

300°C 

(Note 2) 

300°C 

300° C 

300°C 

- 300° C 




LM105 \ 

LM205 I 

| LM305 “| 

LM305A I 

LM376 — ] 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input Voltage Range 


8.5 


50 

8.5 


50 

8.5 


40 

8.5 


50 

9.0 


40 

V 

Output Voltage Range 


4.5 


40 

4.5 


40 

4.5 


30 

4.5 


40 

5.0 


,37 

V 

Input-Output Voltage 


3.0 


30 

3.0 


30 

3.0 


30 

3.0 


30 

3.0 


30 

V 

Differential 


















Load Regulation 

RSC = 1012, Ta = 25° C 


0.02 

0.05 


0.02 

0.05 


0.02 

0.05 







% 

(Note 3) 

Rsc = ion, t a = t A (max) 


0.03 

0.1 


0.03 

0.1 


0.03 

0.1 







% 


Rsc = ion. ta = t A (min) 


0.03 

0.1 


0.03 

0.1 


0.03 

0.1 







% 



0 < Iq < 12 mA | 

0 < Iq < 12 mA 

0 < l() < 12 mA i 









Rsc = on, t a = 25°c 











0.02 

0.2 



0.2 

% 


Rsc = on, t a = 70° c 











0.03 

0.4 



0.5 

% 


Rsc = on, Ta = o°c 











0.03 

0.4 



0.& 

% 












0 < Iq < 45 mA ( 

0<lQ<25mA | 


Line Regulation 

T a = 25° C 















0.03 

%/v 


0°C ^ Ta ^ +70° c 















0.1 

%/v 


VlN-VoUT^SV, T a = 25° C 

' 

0.025 

0.06 


0.025 

0.06 


0.025 

0.06 


0.025 

0.06 




%/v 


V|N-V0UT^5V. T a = 25° C 


0.015 

0.03 


0.015 

0.03 


0.015 

0.03 


0.015 

0.03 




%/v 

Temperature Stability 

TA(MIN) <TA<TA<MAXJ 


0.3 

1.0 


0.3 

1.0 


0.3 

1.0 


0.3 

1.0 

r • i 

‘ % 

Feedback Sense Voltage 


1.63 

1.7 

1.81 

1.63 

1.7 

1.81 

1.63 

1.7 

1.81 

1.55 

1.7 

1.85 

1.60 

1.72 

1.80 

V 

Output Noise Voltage 

10 Hz<f < 10 kHz 


















C REF = 0 


0.005 



0.005 



0.005 



0.005 





% 


CREF = O.lpF 


0.002 



0.002 



0.002 



0.002 





% 

Standby Current Drain 

V|N = 30V, Ta = 25° C 















2.5 

mA 


V|N = 40V 








0.8 

2.0 







mA 


V|N = 50V 


0.8 

2.0 


0.8 

2.0 





0.8 

2.0 




mA 

Current Limit 

t a = 25°c, Rsc = ion. 

225 

300 

375 

225 

300 

375 

225 

300 

375 

225 

300 

375 


300 


mV 

Sense Voltage 

VouT = 0V, (Note 4) 

















Long Term Stability 



0.1 

1.0 


0.1 

1.0 


0.1 

1.0 


0.1 

1.0 

| 

% 

Ripple Rejection 

CREF = 10juF,f = 120 Hz 


0.003 

0.01 


0.003 

0.01 


0.003 

0.01 

| 0.003 

0.1 

%/V 


Note 1: The maximum junction temperature of the LM105 and LM305A is 150°C, the LM205 and LM376 is 100°C, and the LM305 is 85°C. For operation at elevated temperatures, devices in the TO-5 package 
must be derated based on a thermal resistance of 150° C/W junction to ambient, or 45°C/W junction to case. For the epoxy dual-in-line package, derating is based on a thermal resistance of 187°C/W junction to 
ambient. Peak dissipations to 1 W are allowable providing the dissipation rating is not exceeded with the power averaged over a five second interval for the LM105 and LM205, and averaged over a two second 
interval for the LM305. 

Note 2: Unless otherwise specified, these specifications apply for temperatures within the operating temperature range, for input and output voltages within the range given, and for a divider impedance seen by 
the feedback terminal of 2 kn. Load and line regulation specifications are for a constant junction temperature. Temperature drift effects must be taken into account separately when the unit is operating under 
conditions of high dissipation. 

Note 3: The output currents given, as well as the load regulation, can be increased by the addition of external transistors. The improvement factor will be roughly equal to the composite current gain of the 
added transistors. 

Note 4: With no external pass transistor. 





Typical Performance Characteristics lmio 5 /lm 205 /lm 305 /lm 305 a 



LOAD CURRENT (mA) 


Load Regulation 


Current Limiting 
Characteristics 




OUTPUT CURRENT (mA) 


Current Limit Sense Voltage 


Short Circuit Current 


Optimum Divider Resistance 
Values 




-75 -50 -25 0 25 50 75 100 125 150 

AMBIENT TEMPERATURE (°C) 



5 10 20 50 


OUTPUT VOLTAGE (V) 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE <°C> 




TEMPERATURE (°C) 




0-10 20 30 


TIME Uu> 
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LM105/LM205/ 
LM305/LM305A, LM376 



LM105/LM205/ 
LM305/LM305A, LM376 








Typical Applications (Continued) 


Linear Regulator with Foldback Current Limiting 


> 1 6.7K 

_ ci f t% T* 1 

-47pF 


Current Regulator 



Shunt Regulator 


Switching Regulator 


IN3821 
Q1 3.3V 
2N3740 — 



2N4032 U) LM305A (6)- 


».-T 

= ■=■ 'Solid tantalum. 


+125 turns =22 on Arnold 
Engineering A262123-2 
molybdenum permally 


Basic Positive Regulator with Current Limiting 


1.0A Regulator with Protective Diodes 



^Protects against shorted input 
or inductive loads on unregu- 
' ' ' lated supply. 

R2 ( 'Protects against input voltage 

M3K > reversal. 

1 "Protects against output 

1 voltage reversal. 


Linear Regulator with Foldback Current Limiting 
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LM109/LM209/LM309 


gg National 
4 lm Semiconductor 


Voltage Regulators 


LM109/LM209/LM309 5-Volt Regulator 


General Description 

The LM109 series are complete 5 V regulators fabricated 
on a single silicon chip. They are designed for local 
regulation on digital logic cards, eliminating the distribu- 
tion problems associated with single-point regulation. 
The devices are available in two standard transistor 
packages. In the solid-kovar TO-5 header, it can deliver 
output currents in excess of 200 mA, if adequate heat 
sinking is provided. With the TO-3 power package, the 
available output current is greater than 1 A. 

The regulators are essentially blowout proof. Current 
limiting is included to limit the peak output current to 
a safe value. In addition, thermal shutdown is provided 
to keep the 1C from overheating. If internal dissipation 
becomes too great, the regulator will shut down to 
prevent excessive heating. 

Considerable effort was expended to make these devices 
easy to use and to minimize the number of external 
components. It is not necessary to bypass the output, 
although this does improve transient response somewhat. 
Input bypassing is needed, however, if the regulator is 


Schematic Diagram 


located very far from the filter capacitor of the power 
supply. Stability is also achieved by methods that 
provide very good rejection of load or line transients 
as are usually seen with TTL logic. 

Although designed primarily as a fixed-voltage regulator, 
the output of the LM109 series can be set to voltages 
above 5 V, as shown below. It is also possible to use the 
circuits as the control element in precision regulators, 
taking advantage of the good current-handling capability 
and the thermal overload protection. 


Features 

. ■ Specified to be compatible, worst case, with TTL and 
DTL 

■ Output current in excess of 1 A 

■ Internal thermal overload protection 

■ No external components required 


Typical Application 


Fixed 5V Regulator 


[01 mu R11i , I r _,D3 r, 3 ; ; 

02 y '3 1 K : ' } l 63V 2K 

63V <"{Q15 " 

0,0 : I |014 R12 

200'' 130 R14 ; 



30 pF 

;R2 24K? P , 

’ 2 4K T U 


I >2 "k I Q k 


Connection Diagrams 

Metal Can Packages 


€ 


* Required if regulator is located more than 4" 
from power supply filter capacitor. 
tAlthough no output capacitor is needed for stability, 
it does improve transient response. 

C2 should be used whenever long wires are used to 
connect to the load, or when transient response 
is critical. 

NOTE: Pin 3 electrically connected to case. 


Adjustable Output Regulator 



Order Number LIVI109H, LH209H 
or LM309H 
See Package H03A 


Order Number LM109K STEEL, 
LM209K STEEL, LM309K STEEL 
See Package K02A 

Order Number LM309K (ALUMINUM) 
See Package KC02A 
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Absolute Maximum Ratings 

Input Voltage 
Power Dissipation 

Operating Junction Temperature Range 
LM 109 
LM209 
LM309 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics 


35 V 

Internally Limited 


-55°C to +1 50°C 
-25°C to +150°C 
0°C to +1 25°C 
-65°C to +1 50°C 
300°C 


PARAMETER 

CONDITIONS 

LM109/LM209 

LM309 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Output Voltage 

Tj = 25°C 

4.7 

5.05 

5.3 

4.8 

5.05 

5.2 

V 

Line Regulation 

Tj=25°C, 

7V < V IN < 25V 


4.0 

50 


4.0 

50 

mV 

Load Regulation 

Tj = 25°C 








TO-5 Package 

5mA ^ Iout ^ 0.5A 


15 

50 


15 

50 

mV 

TO-3 Package 

5mA ^ Iqut ^ 1 -5A 


15 

100 


15 

100 

mV 

Output Voltage 

7V < V 1N < 25V, 

5mA < l 0UT < l MA X' 
p < P MAX 

4.6 


5.4 

4.75 


5.25 

V 

Quiescent Current 

7V < V, N < 25V 


5.2 

10 


5.2 

10 

mA 

Quiescent Current Change 

7V < V, N < 25V 



0.5 



0.5 

mA 


5mA < l 0UT < l MA x 



0.8 



0.8 

mA 

Output Noise Voltage 

T a = 25°C 

10Hz < f < 100kHz 


40 



40 



Long Term Stability 




10 



20 

mV 

Ripple Rejection 

Tj = 25°C 

50 



50 



dB 

Thermal Resistance, 

Junction to Case 

(Note 2) 








TO-5 Package 



15 



15 


°C/W 

TO-3 Package 



2^5 



2.5 


°C/W 


Note 1: Unless otherwise specified, these specifications apply -55°C < Tj < +150°C for the LM109, -25°C < Tj < +150°C for the LM209, and 
0°C < Tj < +125°C for the LM309; V|n = 10V; and Iout = 0 - 1a for the TO-39 package or Iqut = 0.5A for the TO-3 package. FortheTO-39 package, 
Imax = 0-2A and Pmax = 2.0W. For the TO -3 package, Imax = 1-0A and Pmax = 20W. 

Note 2: Without a heat sink, the thermal resistnace of the TO-39 package is about 150°C/W, while that of the TO-3 package is approximately 
35°C/W. With a heat sink, the effective thermal resistance can only approach the values specified, depending on the efficiency of the sink. 


Typical Applications (cont'd.) 


High Stability Regulator* 



Current Regulator 



*Determines output current. If wirewound resistor 
is used, bypass with 0.1 pF. 
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LM109/LM209/LM309 


Application Hints 

a. Bypass the input of the LM109 to ground with 
> 0.2 /uF ceramic or solid tantalum capacitor if main 
filter capacitor is more than 4 inches away. 

b. Use steel package instead of aluminum if more than 
5,000 thermal cycles are expected. (AT > 50°C) 

c. Avoid insertion of regulator into "live" socket if 
input voltage is greater than 10 V. The output will 
rise to within 2V of the unregulated input if the 
ground pin does not make contact, possibly damaging 
the load. The LM109 may also be damaged if a large 
output capacitor is charged up, then discharged 
through the internal clamp -zener when the ground 
pin makes contact. 

d. The output clamp zener is designed to absorb tran- 
sients only. It will not clamp the output effectively 
if a failure occurs in the internal power transistor 
structure. Zener dynamic impedance is 4 £2. Con- 
tinuous RMS current into the zener should not 
exceed 0.5 A. 

e. Paralleling of LM109s for higher output curreht is 
not recommended. Current sharing will be almost 
nonexistent, leading to a current limit mode operation 
for devices with the highest initial output voltage. 
The current limit devices may also heat up to the 


Crowbar Overvoltage Protection 


INPUT CROWBAR 



thermal shutdown point (« 175°C). Long term 
reliability cannot be guaranteed under these con- 
ditions. 

f. Preventing latchoff for loads connected to negative 
voltage: 

If the output of the LM109 is pulled negative by a high 
current supply so that the output pin is more than 0.5 V 
negative with respect to the ground pin, the LM 109 can 
latch off. This can be prevented by clamping the ground 
pin to the output pin with a germanium or Schottky 
diode as shown. A silicon diode (1N4001) at the output 
is also needed to keep the positive output from being 
pulled too far negative. The 10O resistor will raise 
+v OUT by ^ 0.05 V. 



OUTPUT CROWBAR 



*Zener is internal to LM109. 

**Q1 must be able to withstand 7 A continuous current if fusing is not used at regulator input. LM1 09 bond 
wires will fuse at currents above 7 A. 

tQ2 is selected for surge capability. Consideration must be given to filter capacitor size, transformer impedance, 
and fuse blowing time. 
ttTrip point is « 7.5 V. 
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OUTPUT CURRENT (A) POWER DISSIPATION (W) POWER DISSIPATION (W) 
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LM109/LM209/LM309 


Typical Performance Characteristics (cont’d) 


INPUT-OUTPUT DIFFERENTIAL (V) 



JUNCTION TEMPERATURE (°C) 


OUTPUT VOLTAGE (V) 



OUTPUT VOLTAGE (V) 




4 7 1 I I -I I I I I I I 

-75 -SO -25 0 25 50 75 100 125 150 


JUNCTION TEMPERATURE (°C) 



INPUT VOLTAGE (V) 



LINE TRANSIENT RESPONSE 


E 



— 1 — 1 — 
| Cl = 0.1mF 






L^L 







lL = 














IL 





IT 

•l"= 

5 mA 

* 

L 



> 


□ 

[I 




< 



AV|N 

i-iv 






_ 

□ 

□ 

H 





0 1 2 3 4 5 

TIME ( M s) 


LOAD TRANSIENT RESPONSE 
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National 
Semiconductor 

LM1 1 7/LM21 7/LM31 7 3-Terminal 

General Description 




Voltage Regulators 
Adjustable Regulator 


The LM1 17/LM217/LM317 are adjustable 3-terminal 
positive voltage regulators capable of supplying in excess 
of 1.5A over a 1.2V to 37V output range. They are 
exceptionally easy to use and require only two external 
resistors to set the output voltage. Further, both line 
and load regulation are better than standard fixed regula- 
tors. Also, the LM117 is packaged in standard transistor 
packages which are easily mounted and handled. 

In addition to higher performance than fixed regulators, 
the LM117 series offers full overload protection 
available only in IC's. Included on the chip are current 
limit, thermal overload protection and safe area protec- 
tion. All overload protection circuitry remains fully 
functional even if the adjustment terminal is 
disconnected. 

Features 

■ Adjustable output down to 1.2V 

■ Guaranteed 1.5A output current 

■ Line regulation typically 0.01%/V 

■ Load regulation typically 0.1% 

■ Current limit constant with temperature 

■ 100% electrical burn-in 

■ Eliminates the need to stock many voltages 

■ Standard 3-lead transistor package 

■ 80 dB ripple rejection 

Normally, no capacitors are needed unless the device is 
situated far from the input filter capacitors in which 
case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. 
The adjustment terminal can be bypassed to achieve 
very high ripple rejections ratios which are difficult 
to achieve with- standard 3-terminal regulators. 


Besides replacing fixed regulators, the LM117 is useful 
in a wide variety of other applications. Since the regu- 
lator is "floating" and sees only the input-to-output 
differential voltage, supplies of several hundred volts 
can be regulated as long as the maximum input to 
output differential, is not exceeded. 

Also, it makes an especially simple adjustable switching 
regulator, a programmable output regulator, or by 
connecting a fixed resistor between the adjustment and 
output, the LM117 can be used as a precision current 
regulator. Supplies with electronic shutdown can be 
achieved by clamping the adjustment terminal to ground 
which programs the output to 1.2V where most loads 
draw little current. 

The LM117K, LM217K and LM317K are packaged in 
standard TO-3 transistor packages while the LM117H, 
LM217H and LM317H are packaged in a solid Kovar 
base TO-39 transistor package. The LM117 is rated for 
operation from -55°C to +150°C, the LM217 from 
-25°C to +1 50° C and the LM317 from 0°Cto+125°C. 
The LM317T and LM31 7MP, rated for operation over a 
0°C to +125°C range, are available in a TO-220 plastic 
package and a TO-202 package, respectively. 

For applications requiring greater output current in 
excess of 3A and 5A, see LM150 series and LM138 
series data sheets, respectively. For the negative comple- 
ment, see LM137 series data sheet. 


LM117 Series Packages and Power Capability 




RATED 

DESIGN 

DEVICE 

PACKAGE 

POWER 

LOAD 



DISSIPATION 

CURRENT 

LM117 

TO-3 

20W 

1.5A 

LM217 

LM317 

TO-39 

2W 

0.5A 

LM317T 

TO-220 

15W 

1.5A 

LM317M 

TO-202 

7.5W 

0.5A 

LM317LZ 

TO -92 

0.6W 

0.1 A 


Typical Applications 

1.2V— 25V Adjustable Regulator Digitally Selected Outputs 


LM117 



‘•’Optional— improves transient response. 
Output capacitors in the range of 1 pF 
to 1000 pF of aluminum or tantalum 
electrolytic are commonly used to 
provide improved output impedance 
and rejection of transients. 


LMI17 



"Needed if device is far from filter 
capacitors. , 

+tv OUT = 1 -25V V + — ) 

\ R1 > 


*Sets maximum Vygy 


5V Logic Regulator with 
Electronic Shutdown* 
LM117 



*Min output » 1 .2 V 
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LM117/LM217/LM317 


Absolute Maximum Ratings 

Power Dissipation 
Input-Output Voltage Differential 
Operating Junction Temperature Range 
LM117 
LM217 
LM317 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 

Preconditioning 

Burn-In in Thermal Limit 


Internally limited 
40V 

-55° C to +150°C 
-25° C to +1 50° C 
0°C to +1 25°C 
-65° C to +1 50° C 
300° C 


100% All Devices 


Electrical Characteristics (Note 1) 


PARAMETER 

CONDITIONS 

LM1 17/217 

LM317 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Line Regulation 

Ta = 25°C, 3V < V|N — VOUT < 40V 
(Note 2) 


0.01 

0.02 


0.01 

0.04 

%/V 

Load Regulation 

Ta = 25° C, 10 mA < loUT < >MAX 









VquT < 5V, (Note 2) 


5 

15 


5 

25 

mV 


v OUT> 5V, (Note 2) 


0.1 

0.3 


0.1 

0.5 

% 

Thermal Regulation 

Ta = 25°C, 20 ms Pulse 


0.03 

0.07 


0.04 

0.07 

%/W 

Adjustment Pin Current 



50 

100 


50 

100 

AlA 

Adjustment Pin Current Change 

iomA< i L < Imax 

3V<(V| N -V O ut)<40V 


0.2 

5 


0.2 

5 

mA 

Reference Voltage 

3V <(V|N“VoUT)< 40V, (Note 3) 

io mA < iqut < Imax. p < Pmax 

1.20 

1.25 

1.30 

1.20 

1.25 

1.30 

V 

Line Regulation 

3V < V|N - V 0 UT < 40V, (Note 2) 


0.02 

0.05 


0.02 

0.07 

%/V 

Load Regulation 

10 mA < Iqut ^ *MAX' (N° te 2) 
v OUT<5V 


20 

50 


20 

70 

mV 


v OUT> 5V 


0.3 

1 


0.3 

1.5 

% 

Temperature Stability 

T MIN< T j< T MAX 


1 



1 


% 

Minimum Load Current 

V|N-VOUT = 40V 


3.5 

5 


3.5 

10 

mA 

Current Limit 

V|N~VoUT<15V 









K and T Package 

1.5 

2.2 


1.5 

2.2 


A 


H and P Package 

V|N-VoUT = 40V, Tj = +25° C 

0.5 

0.8 


0.5 

0.8 


A 


K and T Package 

0.30 

0.4 


0.15 

0.4 


A 


H and P Package 

0.15 

0.07 


0.075 

0.07 


A 

RMS Output Noise, % of VquT 

T A = 25°C, 10 Hz < f < 10 kHz 


0.003 



0.003 


% 

Ripple Rejection Ratio 

VOUT = 10V, f = 1 20 Hz 


65 



65 


dB 


CADJ = 10juF 

66 

80 


66 

80 


dB 

Long-Term Stability 

T A = 125°C 


0.3 

1 


0.3 

1 

% 

Thermal Resistance, Junction to Case 

H Package 


12 

15 


12 

15 

°C/W 


K Package 


2.3 

3 


2.3 

3 

°C/W 


T Package 





4 


°c/w 


P Package 





12 


°c/w 


Note 1: Unless otherwise specified, these specifications apply -55°C < Tj < +150°C for the LM117, -25°C < Tj < +150°C for the LM217, and 
0°C < Tj < +125°C for the LM317; V| N - V 0U t= 5V; and I O ut= 0-1A for the TO-39 and TO-202 packages and l O UT = 0.5A for the TO-3 and TO-220 
packages. Although power dissipation is internally limited, these specifications are applicable for power dissipations of 2W for the TO-39 and TO-202, 
and 20W for the TO-3 and TO-220. Imax ' s 1-5A for the TO-3 and TO-220 packages and 0.5A for the TO-39 and TO-202 packages. 

Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating 
effects are covered under the specification for thermal regulation. 

Note 3: Selected devices with tightened tolerance reference voltage available. 
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IUTPUT VOLTAGE DEVIATION (%) 


Typical Performance Characteristics (K and T Packages) 

Output Capacitor = 0 unless otherwise noted 


Load Regulation 








L 


— ’ 












V 

V 

i 

IN 3 

OUT 

15V 
= 10V 

i 

u 

_J 



_ 



75 -50 -25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 


Current Limit 









— 

\ 







$ 



_ 



1 T i 

= 150 

Pcy 


= -5! 

5°C 

1 





1 

N 

t 





“ T i 

- 25 



Ml 



i i 



0 10 20 30 40 

INPUT-OUTPUT DIFFERENTIAL (V) 


Adjustment Current 



-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Dropout Voltage 
I AVon| = lOOmV T 


Temperature Stability 


Minimum Operating Current 




V 


»^£adj=j 

) 






r 



V| 

•l 

n -Vqut = 5V 
= 500 mA 




f = 

T i 

1 

120 Hz 
= 25°C 

1 1 





) 5 10 15 20 25 30 35 

OUTPUT VOLTAGE (V) 



Ik 10k 100k 1M 

FREQUENCY (Hz) 


*pADJ = 10 P F 

UM 

|HJ*adj = ® 


V|N f 15V 
V 0 UT = 1°V 

■° ~1 = 120 Hz 

Tj = 25°C 

0 i, i.i. mm LI. 1111111 L 

0.01 0.1 1 

OUTPUT CURRENT (A) 


Output Impedance 


V, n = 15V 
V 0 UT = 1°V 


Line Transient Response 



Load Transient Response 


C|_ = 1nF; C/^qj = IOaiFJ 

V, n = 15V 

V OUT = 10V 

I|yi_ = 50 mA 

T: = 25° C 


FREQUENCY (Hz) 


TIME (us) 








LM117/LM217/LM317 


Application Hints 

In operation, the LM117 develops a nominal 1.25V 
reference voltage, Vref, between the output and 
adjustment terminal. The reference voltage is impressed 
across program resistor R1 and, since the voltage is con- 
stant, a constant current li then flows through the 
output set resistor R2, giving an output voltage of 

V0UT=VreF ^ + ^ + >ADjR2 



FIGURE 1. 


Since the 100/xA current from the adjustment terminal 
represents an error term, the LM117 was designed to 
minimize IaDJ ar| d make it very constant with line 
and load changes. To do this, all quiescent operating 
current is returned to the output establishing a mini- 
mum load current requirement. If there is insufficient 
load on the output, the output will rise. 

External Capacitors 

An input bypass capacitor is recommended. A 0.1 juF 
disc or IjuF solid tantalum on the input is suitable input 
bypassing for almost all applications. The device is more 
sensitive to the absence of input bypassing when adjust- 
ment or output capacitors are used but the above values 
will eliminate the possibility of problems. 

The adjustment terminal can be bypassed to ground on 
the LM117 to improve ripple rejection. This bypass 
capacitor prevents ripple from being amplified as the 
output voltage is increased. With a 10juF bypass capa- 
citor 80 dB ripple rejection is obtainable at any output 
level. Increases over 10juF do not appreciably improve 
the ripple rejection at frequencies above 120 Hz. If the 
bypass capacitor is used, it is sometimes necessary to 
include protection diodes to prevent the capacitor 
from discharging through internal low current paths 
and damaging the device. 

In general, the best type of capacitors to use are solid 
tantalum. Solid tantalum capacitors have low impedance 
even at high frequencies. Depending upon capacitor 
construction, it takes about 25juF in aluminum electro- 
lytic to equal 1/iF solid tantalum at high frequencies. 
Ceramic capacitors are also good at high frequencies; 
but some types have a large decrease in capacitance at 
frequencies around 0.5 MHz. For this reason, O.OIjuF 
disc may seem to work better than a O.ljuF disc as 
a bypass. 


Although the LM117 is stable with no output capa- 
citors, like any feedback circuit, certain values of 
external capacitance can cause excessive ringing. This 
occurs with values between 500 pF and 5000 pF. 
A 1 yuF solid tantalum (or 25juF aluminum electrolytic) 
on the output swamps this effect and insures stability. 

Load Regulation 

The LM1 17 is capable of providing extremely good load 
regulation but a few precautions are needed to obtain 
maximum performance. The current set resistor con- 
nected between the adjustment terminal and the output 
terminal (usually 24012) should be tied directly to the 
output of the regulator rather than near the load. This 
eliminates line drops from appearing effectvely in series 
with the reference and degrading regulation. For exam- 
ple, a 1 5V regulator with 0.0512 resistance between the 
regulator and load will have a load regulation due to 
line resistance of 0.0512 x l(_. If the set resistor is con- 
nected near the load the effective line resistance will be 
0.0512 (1 + R2/R1) or in this case, 11.5 times worse. 

Figure 2 shows the effect of resistance between the regu- 
lator and 24012 set resistor. 


LM117 



FIGURE 2. Regulator with Line Resistance 
in Output Lead 


With the TO-3 package, it is easy to minimize the resis- 
tance from the case to the set resistor, by using two 
separate leads to the case. However, with the TO-5 
package, care should be taken to minimize the wire 
length of the output lead. The ground of R2 can be 
returned near the ground of the load to provide remote 
ground sensing and improve load regulation. 

Protection Diodes 

When external capacitors are used with any 1C regulator 
it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
current points into the regulator. Most 10/iF capacitors 
have low enough internal series resistance to deliver 
20A spikes when shorted. Although the surge is short, 
there is enough energy to damage parts of the 1C. 

When an output capacitor is connected to a regulator 
and the input is shorted, the output capacitor will 
discharge into the output of the regulator. The discharge 


1-26 



Application Hints (cont'd.) 

current depends on the value of the capacitor, the 
output voltage of the regulator, and the rate of decrease 
of V ||sj. In the LM117, this discharge path is through 
a large junction that is able to sustain 15A surge with no 
problem. This is not true of other types of positive 
regulators. For output capacitors of 25juF or less, there 
is no need to use diodes. 

The bypass capacitor on the adjustment terminal can 
discharge through a low current junction. Discharge 


occurs when either the input or output is shorted. 
Internal to the LM1 17 is a 5012 resistor which limits the 
peak discharge current. No protection is needed for 
output voltages of 25V or less and 10//F capacitance. 
Figure 3 shows an LM117 with protection diodes 
included for use with outputs greater than 25V and 
high values of output capacitance. 


Schematic Diagram 



■ R2| adj 


FIGURE 3. Regulator with Protection Diodes 
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LM117/LM217/LM317 


Typical Applications (cont'd.) 


Slow Turn-On 15V Regulator 


Adjustable Regulator with Improved 
Ripple Rejection 


High Stability 10V Regulator 


LM 117 



LM 117 

V|N— h 






15 V 

ADJ 

ADJ I 

T 15 V 

V IN— f- 

— i T 

f 

—Cl 1 


ri> T °1* 

240 > 1N4002 


Solid tantalum 

* Discharges Cl if output is shorted to ground 


High Current Adjustable Regulator 
3 -LM 195 S IN PARALLEL 



'Solid tantalum 


*Minimum load current = 30 mA 
lOptional— improves ripple rejection 


0 to 30V Regulator 


Sd-r- v,N flDJ v ° UT rt" VouT 


Power Follower 


— — O.IjiF 

k 


_± 


LM 117 I V,N VoutI- 
AOJ 


5A Constant Voltage/Constant Current Regulator 


J V IN v 0 UTK 
1 ADJ J 


D2-+- C4 
1N457 A 75 pF 


1A Current Regulator 
LM117 



01 03 

1 N 457 LEO* 


1.2V-20V Regulator with 
Minimum Program Current 


C5 R5< 

75 pF 330k < R7 


\ ADj VouT rT" V ° UT * 


* Solid tantalum 

^Lights in constant current mode 


Minimum load current « 4 mA 
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Typical Applications (cont‘d.) 


High Gain Amplifier 


V IN 

LM117 v 0UT “ 

ADJ 


Low Cost 3A Switching Regulator 



Solid Tantalum 
*Core— Arnold A-254168-2 60 turns 



4A Switching Regulator with Overload Protection 


Precision Current Limiter 



V|N v 0UT 

ADJ | R1 


*0.812 < R1 < 12012 


Tracking Preregulator 


■PM 

SsliSil 


V IN V 0UT [-fH V| N V 0 UT 


Solid Tantalum 

*Core Arnold A-254168-2 60 turns 



VOUT- ’ -25V (1 +— ) 


Adjusting Multiple On-Card Regulators 
with Single Control* 


V|N PtN ^OUT I • V 0UT V| N 1 ^IN V 0UT V 0U y1 


, v, H — |v„ 


All outputs within ±100 mV 
"^Minimum load— 10 mA 


— Short circuit current is approximately ^OQroV or 120mA 

M 3 

(compared to LM117H’s 1 ampere current limit) 

— (At 50mA output only 3 A volt of drop occurs in R3 and RA 
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LM117/LM217/LM317 


Typical Applications (cont‘d.) 

AC Voltage Regulator 




*R$— sets output impedance of charger ZquT = Rs y + — I 
Use of R$ allows low charging rates with fully \ R1 / 
charged battery. 


50 mA Constant Current Battery Charger 

LM317H 


V| N - 


. 24 

| V IN v 0UTh--WV- 
1 AOJ 1 


Connection Diagrams 


Adjustable 4A Regulator 



Current Limited 6V Charger 

LM317 



**The 1000 pF is recommended to filter out 
input transients 


(TO-3 STEEL) 
Metal Can Package 



BOTTOM VIEW 


Order Number: 
LM117K STEEL 
LM217K STEEL 
LM317K STEEL 
See Package K02A 


(TO-39) (TO-220) (TO-202) 

Metal Can Package Plastic Package Plastic Package 



CASE IS OUTPUT 


BOTTOM VIEW 


Order Number: 
LM117H 
LM217H 
LM317H 

See Package H03A 




Order Number: Order Number: 

LM317T LM317MP 

See Package T03B See Package P03A 

Tab Formed Devices 
LM317MP TB 
See Package P03E 
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National 

Semiconductor 


Voltage Regulators 


LM11 7HV/LM21 7HV/LM31 7HV 3-Termlnal 
Adjustable Regulator 


General Description 

The LM1 17HV/LM217HV/LM317HV are adjustable 
3-terminal positive voltage regulators capable of supplying 
in excess of 1.5A over a 1.2V to 57V output range. They 
are exceptionally easy to use and require only two 
external resistors to set the output voltage. Further, both 
line and load regulation are better than standard fixed 
regulators. Also, the LM117HV is packaged in standard 
transistor packages which are easily mounted and 
handled. 

In addition to higher performance than fixed regulators, 
the LM117HV series offers full overload protection 
available only in IC's. Included on the chip are current 
limit, thermal overload protection and safe area protec- 
tion. All overload protection circuitry remains fully 
functional even if the adjustment terminal is 
disconnected. 

Features 

■ Adjustable output down to 1 .2V 

■ Guaranteed 1.5A output current 

■ Line regulation typically 0.01%/V 

■ Load regulation typically 0.1% 

■ Current limit constant with temperature 

■ 100% electrical burn-in 

■ Eliminates the need to stock many voltages 

■ Standard 3-lead transistor package 

■ 80 dB ripple rejection 


Normally, no capacitors are needed unless the device is 
situated far from the input filter capacitors in which 
case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. 
The adjustment terminal can be bypassed to achieve 
very high ripple rejections ratios which are difficult 
to achieve with standard 3-terminal regulators. 

Besides replacing fixed regulators, the LM117HV is 
useful in a wide variety of other applications. Since the 
regulator is "floating" and sees only the input-to-output 
differential voltage, supplies of several hundred volts 
can be regulated as long as the maximum input to 
output differential is not exceeded. 

Also, it makes an especially simple adjustable switching 
regulator, a programmable output regulator, or by 
connecting a fixed resistor between the adjustment and 
output, the LM1 17HV can be used as a precision current 
regulator. Supplies with electronic shutdown can be 
achieved by clamping the adjustment terminal to ground 
which programs the output to 1.2V where most loads 
draw little current. 

The LM117HVK STEEL, LM217HVK STEEL, and 
LM317HVK STEEL are packaged in standard TO-3 tran- 
sistor packages while the LM117HVH, LM217HVH and 
LM317HVH are packaged in a solid Kovar base TO-39 
transistor package. The LM1 17HV is rated for operation 
from — 55°C to +150°C, the LM217HV from -25°C to 
+150°C and the LM317HV from 0°C to +125°C. 


Typical Applications 

1.2V— 45V Adjustable Regulator Digitally Selected Outputs 5V Logic Regulator with 

Electronic Shutdown* 


LM117HV 



^Optional— improves transient response, 
Output capacitors in the range of 1 axF 
to 1000 mF of aluminum or tantalum 
electrolytic are commonly used to 
provide improved output impedance 
and rejection of transients. 

*Needed if device is far from filter 
capacitors. 

/ R2 \ 

ttv 0UT = 1.25V (1 + — ) 

\ R1 ' 


LM117HV 



*Sets maximum Vquj 


1 LM117HV' 



* Min output ~ 1 .2V 
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LM117HV/ 

LM217HV/ LM317HV 



LM117HV/ 

LM217HV/ LM317HV 


Absolute Maximum Ratings 


Power Dissipation 

Internally limited 

Input— Output Voltage Differential 

60V 

Operating Junction Temperature Range 


LM117HV 

-55° C to +150°C 

LM217HV 

-25°C to +150°C 

LM317HV 

0°C to +125°C 

Storage Temperature 

-65°C to +1 50°C 

Lead Temperature (Soldering, 10 seconds) 

300° C 


Electrical Characteristics (Note 1) 


PARAMETER 

CONDITIONS 

LM117HV/LM217HV 

LM317HV 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Line Regulation 

T A = 25°C, 3V<V|n - VoUT<60V 


0.01 

0.02 


0.01 

0.04 

%/V 


(Note 2) 








Load Regulation 

T A = 25°C, 10 mA < loUT < >MAX 









V0UT<5V, (Note 2) 


5 

15 


5 

25 

mV 


VquT > 5V, (Note 2) 


0.1 

0.3 


0.1 

0.5 

% 

Thermal Regulation 

T A = 25° C, 20ms Pulse 


0.03 

0.07 


0.04 

0.07 

%/W 

Adjustment Pin Current 



50 

100 


50 

100 

HA 

Adjustment Pin Current Change 

10mA < l L < «MAX 


0.2 

5 


0.2 

5 

M a 


3.0V< (Vin-Vout) < 60V 








Reference Voltage 

3<(Vj N -V O UT)<60V, (Note 3) 

1.20 

1.25 

1.30 

1.20 

1.25 

1.30 

V 


10 mA < l 0 UT < >MAX. P < ?MAX 








Line Regulation 

3V < V| N — V 0 UT < 60V, (Note 2) 


0.02 

0.05 


0.02 

0.07 

%/V 

Load Regulation 

10 mA< loUT^ ! MAX' < Note 2 > 









V 0 UT<5V 


20 

50 


20 

70 

mV 


V 0 UT>5V 


0.3 

1 


0.3 

1.5 

% 

Temperature Stability 

T MIN< T j< T MAX 


1 



1 


% 

Minimum Load Current 

V|N~VoUT = 60V 


3.5 

7 


3.5 

12 

mA 

Current Limit 

V|N~VoUT<15V 









K Package 

1.5 

2.2 


1.5 

2.2 


A 


H Package 

0.5. 

0.8 


0.5 

0.8 


A 


V|N~V0UT =60V 









K Package 


0.1 



0.1 


A 


H Package 


0.03 



0.03 


A 

RMS Output Noise, % of VoUT 

T A = 25°C, 10 Hz < f < 10 kHz 


0.003 



0.003 


% 

Ripple Rejection Ratio 

V0UT= 10V, f = 120 Hz 


65 



65 


dB 


c ADJ=10juF 

66 

80 


66 

80 


dB 

Long-Term Stability 

T A = 1 25° C 


0.3 

1 


0.3 

1 

% 

Thermal Resistance, Junction to Case 

H Package 


12 

15 


12 

15 

°C/W 


K Package 


2.3 



3 

i 


3 

°c/w 


Note 1: Unless otherwise specified, these specifications apply -55°C < Tj < +150°C for the LM117HV, -25°C < Tj < +150°C for the 
LM217HV and 0°C< Tj < +125°C for the LM317HV; Vin- Vout = 5V and Iout = °- 1a for the TO-39 package and Iout = 0-5 a tor the TO-3 
package. Although power dissipation is internally limited, these specifications are applicable for power dissipations of 2W for the TO-39 
and 20W for the TO-3. I^ax is 1.5A tor the TO-3 and 0.5A for the TO-39 package. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into 
account separately. Pulse testing with low duty cycle is used. 

Note 3: Selected devices with tightened tolerance reference voltage available. 
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OUTPUT VOLTAGE DEVIATION (%) 









LM117HV/ 

LM217HV/ LM317HV 


Application Hints 

|n operation, the LM117HV develops a nominal 1.25V 
reference voltage, Vref* between the output and 
adjustment terminal. The reference voltage is impressed 
across program resistor R1 and, since the voltage is con- 
stant, a constant current 1-j then flows through the 
output set resistor R2, giving an output voltage of 

V0UT = VreF ^ + IADJR2 


LM117HV 



FIGURE 1. 


Since the 100/iA current from the adjustment terminal 
represents an error term, the LM117HV was designed to 
minimize IadJ anc * make it very constant with line 
and load changes. To do this, all quiescent operating 
current is returned to the output establishing a mini- 
mum load current requirement. If there is insufficient 
load on the output, the output will rise. 

External Capacitors 

An input bypass capacitor is recommended. A 0.1 juF 
disc or IjuF solid tantalum on the input is suitable input 
bypassing for almost all applications. The device is more 
sensitive to the absence of input bypassing when adjust- 
ment or output capacitors are used but the above values 
will eliminate the possibility of problems. 

The adjustment terminal can be bypassed to ground on 
the LM117HV to improve ripple rejection. This bypass 
capacitor prevents ripple from being amplified as the 
output voltage is increased. With a IOjuF bypass capa- 
citor 80 dB ripple rejection is obtainable at any output 
level. Increases over 10 fxF do not appreciably improve 
the ripple rejection at frequencies above 1 20 Hz. If the 
bypass capacitor is used, it is sometimes necessary to 
include protection diodes to prevent the capacitor 
from discharging through internal low current paths 
and damaging the device. 

In general, the best type of capacitors to use are solid 
tantalum. Solid tantalum capacitors have low impedance 
even at high frequencies. Depending upon capacitor 
construction, it takes about 25^uF in aluminum electro- 
lytic to equal *\nF solid tantalum at high frequencies. 
Ceramic capacitors are also good at high frequencies; 
but some types have a large decrease in capacitance at 
frequencies around 0.5 MHz. For this reason, O.OI/iF 
disc may seem to work better than a 0.1/iF disc as 
a bypass. 


Although the LM117HV is stable with no output capa- 
citors, like any feedback circuit, certain values of 
external capacitance can cause excessive ringing. This 
occurs with values between 500 pF and 5000 pF. 
A 1/iF solid tantalum (or 25juF aluminum electrolytic) 
on the output swamps this effect and insures stability. 

Load Regulation 

The LM117HV is capable of providing extremely good 
load regulation but a few precautions are needed to 
obtain maximum performance. The current set resistor 
connected between the adjustment terminal and the out- 
put terminal (usually 24012) should be tied directly to the 
output of the regulator rather than near the load. This 
eliminates line drops from appearing effectvely in series 
with the reference and degrading regulation. For exam- 
ple, a 15V regulator with 0.0512 resistance between the 
regulator and load will have a load regulation due to 
line resistance of 0.0512 x 1 1_. If the set resistor is con- 
nected near the load the effective line resistance will be 
0.0512 (1 + R2/R1) or in this case, 11.5 times worse. 

Figure 2 shows the effect of resistance between the regu- 
lator and 24012 set resistor. 


LM117HV 



FIGURE 2. Regulator with Line Resistance 
in Output Lead 


With the TO-3 package, it is easy to minimize the resis- 
tance from the case to the set resistor, by using two 
separate leads to the case. However, with the TO-5 
package, care should be taken to minimize the wire 
length of the output lead. The ground of R2 can be 
returned near the ground of the load to provide remote 
ground sensing and improve load regulation. 

Protection Diodes 

When external capacitors are used with any 1C regulator 
it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
current points into the regulator. Most 10juF capacitors 
have low enough internal series resistance to deliver 
20A spikes when shorted. Although the surge is short, 
there is enough energy to damage parts of the 1C. 

When an output capacitor is connected to a regulator 
and the input is shorted, the output capacitor will 
discharge into the output of the regulator. The discharge 
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Application Hints (cont‘d.) 

current depends on the value of the capacitor, the 
output voltage of the regulator, and the rate of decrease 
of V||\|. In the LM117HV, this discharge path is through 
a large junction that is able to sustain 15A surge with no 
problem. This is not true of other types of positive 
regulators. For output capacitors of 25juF or less, there 
is no need to use diodes. 

The bypass capacitor on the adjustment terminal can 
discharge through a low current junction. Discharge 


occurs when either the input or output is shorted. 
Internal to the LM 1 17H V is a 5012 resistorwhich limits the 
peak discharge current. No protection is needed for 
output voltages of 25V or less and 10/iF capacitance. 
Figure 3 shows an LM117HV with protection diodes 
included for use with outputs greater than 25V and 
high values of output capacitance. 


D1 

1N4002 



FIGURE 3. Regulator with Protection Diodes 


Schematic Diagram 
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LM117HV/ 

LM217HV / LM317H V 






LM117HV/ 

LM217HV/ LM317HV 


Typical Applications (cont‘d.) 


Slow Turn-On 15V Regulator 


Adjustable Regulator with Improved 
Ripple Rejection 


High Stability 10V Regulator 




+ Solid tantalum 

^Discharges Cl if output is shorted to ground 



High Current Adjustable Regulator 

3-LM195'S IN PARALLEL 


0 to 30V Regulator 


V|N 




^Minimum load current = 30 mA 
^Optional— improves ripple rejection 

5A Constant Voltage/Constant Current Regulator 



OUTPUT 

"1.2V-30V 


Power Follower 



1 A Current Regulator 

LM317HV 



1.2V— 20V Regulator with 
Minimum Program Current 



* Lights in constant current mode 
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typical Applications (cont‘d.) 


High Gain Amplifier 

v + 



Low Cost 3A Switching Regulator 



Solid Tantalum 
*Core— Arnold A-254168-2 60 turns 



4A Switching Regulator with Overload Protection 


Precision Current Limiter 



V(N V 0UT 

ADJ | R1 


*0.80 < R1 < 1200 


Tracking Preregulator 


■Hu 


' Solid Tantalum 

*Core Arnold A-254168-2 60 turns 


High Voltage Regulator 


Adjusting Multiple On-Card Regulators 
with Single Control* 
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LM117HV/ 

LM217HV/ LM317HV 




















LM117HV/ 

LM217HV/ LM317HV 


Typical Applications (cont'd.) 

AC Voltage Regulator 

LM317HV 


i in ADJ VouT r 




AOJ 1 

Tin v outt 


12V Battery Charger 


V|N 3d V IN J V ° UT |~ 


Adjustable 4A Regulator 

LM317HV 



K) 


*Rs~ sets output impedance of charger ZquT = M + — 

Use of R$ allows low charging rates with fully \ R1 ) 

charged battery. 

**The 1000 juF is recommended to filter out 
input transients 

50 mA Constant Current Battery Charger 


V| N — — Jv, N VoutI- 

adj I 


Connection Diagrams 


Current Limited 6V Charger 
LM317HV 



*Sets peak current (0.6A for 1 CL) 

# The 1000 pF is recommended to filter out 
input transients 


(TO-3 Steel) 
Metal Can Package 


(TO-39) 

Metal Can Package 


ADJUSTMENT / Q 


CASE IS OUTPUT 
BOTTOM VIEW 


Order Number LM117HVK STEEL, 
LM217HVK STEEL, or 
LM317HVK STEEL 
See Package K02A 


Order Number LM117HVH, 
LM217HVH, or LM317HVH 
See Package H03A 
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National 

Semiconductor 


Voltage Regulators 


LM120 Series 3-Terminal Negative Regulators 


General Description 

The LM120 series are three-terminal negative regulators 
with a fixed output voltage of -5V, -12V, and -15V, 
and up to 1.5A load current capability. Where other 
voltages are required, the LM137 series provides an 
output voltage range of -1.2V to -47V. 

The LM120 need only one external component-a com- 
pensation capacitor at the output, making them easy to 
apply. Worst case guarantees on output voltage deviation 
due to any combination of line, load or temperature 
variation assure satisfactory system operation. 

Exceptional effort has been made to make the LM120 
Series immune to overload conditions. The regulators 
have current limiting which is independent of tempera- 
ture, combined with thermal overload protection. Inter- 
nal current limiting protects against momentary faults 
while thermal shutdown prevents junction temperatures 
from exceeding safe limits during prolonged overloads. 

Although primarily intended for fixed output voltage 
applications, the LM120 Series may be programmed for 
higher output voltages with a simple resistive divider. 
The low quiescent drain current of the devices allows 
this technique to be used with good regulation. 


Features 

■ Preset output voltage error less than ±3% 

■ Preset current limit 

■ Internal thermal shutdown 

■ Operates with input-output voltage differential down 
to IV 

■ Excellent ripple rejection 

■ Low temperature drift 

■ Easily adjustable to higher output voltage 


LM120 Series Packages and Power Capability 


DEVICE 

PACKAGE 

RATED 

POWER 

DISSIPATION 

DESIGN 

LOAD 

CURRENT 

LM120 

TO-3 

20W 

1.5A 

LM320 

TO-39 

2W 

0.5A 

LM320T 

TO-220 

15W 

1.5A 

LM320M 

TO-202 

7.5W 

0.5A 

LM320ML* 

TO-202 

7.5W 

0.25A 

LM320L* 

TO-92+ 

1.2W 

0.1 A 


*Electrical specifications shown on separate data sheet 


Typical Applications 


Fixed Regulator 


Preventing Positive Regulator Latch- Up 



output is clamped by D2. 

*R2 is optional. Ground pm current from the positive regulator flowing 
through R1 will increase +V 0 ut * BO mV if R2 is omitted. 


COMMON 

LOAD 

CURRENT 


it; 


- — pr 2 2^F — |~r 1u 

r O LM120 


-Required if regulator is tRequi red for stability For value For output capacitance in excess 

separated from filter capa given, capacitor must be solid of 100uF, a high current diode from 

citor by more than 3" For tantalum. 25uF aluminum elec- input to output (1N4001, etc.) will 

value given, capacitor must trolytic may substituted Values protect the regulator from momentary 

be solid tantalum. 25/uF given may be increased without input shorts 

aluminum electrolytic may limit, 
be substituted. 


Dual Trimmed Supply 
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LM120 Series 




LM120 Series 


-5 VOLT REGULATORS (Note 3) 


Electrical Characteristics 


Absolute Maximum Ratings 

Power Dissipation 
Input Voltage 

Input-Output Voltage Differential 
Junction Temperatures 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 


Internally Limited 
-25V 
25V 
See Note 1 
-65°C to +150°C 
300° C 


POWER PLAS TIC PACKAGE 

LM320MP-5.0 


(TO-202) 
0.5A 
7.5W 

MIN TYP MAXI MIN TVP Mi 


- 5.1 —5 ' • - 4.9 - 5.2 -5 - 4.8 - 5.1 - 5.0 > - 4.9 - 5.2 - 5.0 - 4.8 - 5.2 - 5.0 - 4.8 - 5.2 - 5.0 - 4.8 

■ ' '' - '• ’ \ ' ' ■ f 

10 25 ' 10 40 10 25 10 40 10 40 10 ; 40 

-25 : -7 -25 -7 -25 -7 -25 -7 -25 - 7.5 -25 1 - 7.5 


-7 -25 , -7 

54 64 

50 30 50 


54 64 

50 100 


54 64 

40 100 



- 4.75 - 5.25 - 5.0 ) - 4.75 


°.1 

0.4 

0.1 

0.4 

0.05 

0.4 

0.05 

0.4 

o ' 

o 

0.05 

0.1 

0.4 

0.1 

0.4 

0.04 

0.4 

0.04 

0.4 

0.1 0.4 

0.04 

150 


150 


150 


150 : 


150 

150 

5 

50 

5 

50 

5 

50 

5 

50 

10 

10 


3 


3 


15 


15 

4 

12 


35 


35 


150 


150 

50 1 

70 


Note 1: This specification applies over — 55°C < Tj < +150°C for the LM120 and 0°C < Tj < +125°C for the LM320. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, low duty 
cycle, pulse testing is used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifica- 
tions apply only up to Pq. 

Note 3: For -5V 3 amp regulators, see LM145 data sheet. 
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-12 VOLT REGULATORS Absolute Maximum Ratings 

Power Dissipation Internally Limited 

Input Voltage —35V 

Input-Output Voltage Differential 30V 

Junction Temperatures See Note 1 

Storage Temperature Range -€5°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics 




METAL CAN PACKAGE 

| POWER PLASTIC PACKAGE j 





LM120K-12 1 


LM320K-12 | 


LM120H-12 i 


LM320H-12 


LM320T-12 


LM320MP-12 | 



ORDER NUMBERS 


(TO-3) 



(TO-3) 



(TO-39) 



(TO-39) 


(TO-220) 



(TO-202) 


UNITS 

DESIGN OUTPUT CURRENT (l D ) 


1A 



1A 



0.2A 



0.2A 


1 A 



0.5A 


DEVICE DISSIPATION (P D ) 


20W 



20W 



2W 



2W 


15W 



7.5W 



PARAMETER 

CONDITIONS (NOTE 1) 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN TYP 

MAX 

MIN 

TYP 

MAX 


Output Voltage 

Tj = 25°C, V|N = 17V, 

'LOAD = 5 mA 

-12.3 

-12 

-11.7 

-12.4 

-12 

-11.6 

-12.3 

-12 

-11.7 

-12.4 

-12 

-11.6 

-12.4 -12 

-11.6 

-12.5 

-12 

-11.5 

V 

Line Regulation 

Tj = 25° C, IlOAD = 5 mA, 

V MIN< V|N< VmaX 


4 

10 


4 

20 


4 

10 


4 

20 

4 

20 


4 

24 

mV 

Input Voltage 


-32 


-14 

-32 


-14 

-32 


-14 

-32 


-14 

-32 

-14.5 

-32 


-14.5 

V 

Ripple Rejection 

f= 120 Hz 

56 

80 


56 

80 


56 

80 


56 

80 


56 80 


56 

80 


dB 

Load Regulation, (Note 2) 

Tj = 25°C, V|N= 17V, 

5 mA < IlOAD < >D 


30 

80 


30 

80 


10 

25 


10 

40 

30 

80 


40 

100 

mV 

Output Voltage, (Note 1) 

14.5V <V| N <VmaX. 

5 mA < IlOAD < Id< p < P D 

-12.5 


-11.5 

-12.6 


-11.4 

-12.5 


-11.5 

-12.6 


-11.4 

-12.6 

-11.4 

-12.6 


-11.4 

V 

Quiescent Current 

VMIN< V|N< Vmax 


2 

4 


2 

4 


2 

4 


- 2 

4 

2 

4 


2 

4 

mA 

Quiescent Current Change 

Tj = 25° C 

Vmin< Vin< Vmax 


0.1 

0.4 


0.1 

0.4 


0.05 

0.4 


0.05 

0.4 

0.1 

0.4 


0.05 

0.3 

mA 


5 mA < IlOAD < 'D 


0,1 

0.4 


0.1 

0.4 


0.03 

0.4 


0.03 

0.4 

0.1 

0.4 


0.04 

0.25 

mA 

Output Noise Voltage 

Ta = 25° C, Cl = IpF, II = 5 mA, 
V|n = 17V, 10 Hz<f< 100 kHz 


400 



400 



400 



400 


400 



400 


MV 

Long Term Stability 



12 

120 


12 

120 


12 

120 


12 

120 

24 



24 


mV 

Thermal Resistance 




















Junction to Case 




3 



3 



15 



15 

4 



12 


°C/W 

Junction to Ambient 




35 



35 



150 



150 

50 



70 


°c/w 


Note 1: This specification applies over -55°C < Tj < +150°C for the LM120 and 0°C < Tj < +125°C for the LM320. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, low duty 
cycle, pulse testing is used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On all other tests, even though power dissipation is internally limited, electrical specifica- 
tions apply only up to Pp- 


seues 03UAI1 
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—15 VOLT REGULATORS Absolute Maximum Ratings 

Power Dissipation Internally Limited 

Input Voltage 

LM120/LM320 -40V 

LM320T/LM320MP -35V 

Input-Output Voltage Differential 30V 

Junction Temperatures See Note 1 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics 




| METAL CAN PACKAGE 

| POWER PLASTIC PACKAGE 





LM120K-15 



LM320K-15 



LM120H-15 


LM320H-15 

LM320T-15 


| LM320MP-15 



ORDER NUMBERS 


(TO-3) 



(TO-3) 



(TO-39) 



(TO-39) 


(TO-220) 



(TO-202) 


UNIT*, 

DESIGN OUTPUT CURRENT (l D ) 


1A 



1A 



0.2A 



0.2A 


1A 



0.5 A 



DEVICE DISSIPATION (Pq) 


20W 



20W 



2W 



2W 


15W 



7.5W 



PARAMETER 

CONDITIONS (NOTE 1) 

MIN 

TVP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN TYP 

MAX 

MIN 

TYP 

MAX 


Output Voltage 

Tj = 25 ’C, V|(v| = 20V, 

l L OAD = 5mA 

-15.3 

-15 

-14.7 

15.4 

- -15 : 

-14.6 

-15.3 

"15 ' 

-14.7 

-15.4 

-15 

-14.6 

-15.5 -15 

-14.5 

-15.6 

-15 

-14.4 

V 

Line Regulation 

Tj = 25 'C, IlOAD = 5 mA > 

V MIN< V IN< VmAX 


5 

10 


5 

20 


■ 5 

10 


5 

20 

5' 

20 


5 

30 

mV 

Input Voltage 


-35 


-17 

-35 


-17 

-35 


-17 

-35 


-17 

-35 

-17.5 

-35 


-17.5 

V 

Ripple Rejection 

f = 120 Hz 

56 

80 


56 

80 . 


56 

80 


56 

; so 


56 80 


56 

80 


dB 

Load Regulation, (Note 2) 

Tj = 25‘C, V| N = 20V, 

5mA< IlOAD < >D 


30 : 

80 


30 

80 


10- 

25 


io : 

40 

30 

80 


40 

100 

mV 

Output Voltage, (Note 1) 

17.5V <V| N <V MAX . 

5 mA < l|_OAD < *D- p < P D 

-15.5 


-14.5 

-15.6 


-14.4 

-15.5 


-14.5 

-15.6 


-14.4 

-15.7 

-14.3 

-15.7 


-14.3 

V 

Quiescent Current 

VMIN < V|N < VmAX 



4 


/ 2 . 

4 



4 


2 

4 

2 ■ ^ 

4 



4 

mA 

Quiescent Current Change 

Tj = 25° C 

VMIN< V|N< vmax 


0.1 

0.4 


0.1 

0.4 


' .. o.o5 ; 

0.4 


0.05 

0.4 

0.1 

0.4 


0.05 

0.3 

mA 


5 mA < IlOAD < >D 


0.1 

0.4 


0,1 

0.4 


0.03 

0.4 


0.03 

0.4 

0.1 

0.4 


0.04 

0.25 

mA 

Output Noise Voltage 

Ta = 25° C, Cl = IpF, l L = 5 mA, 
V|N = 20V, 10 Hz <f< 100 kHz 


400 



400 



' 400 



400 


400 



400 


pV 

Long Term Stability 



15 

150 


15 

150 


15 ' .. 

150 


15 

150 

30 



' 30 


mV 

Thermal Resistance 

. 



















Junction to Case 




3 



3 



15 



15 

4 



12 


°c/w 

Junction to Ambient 




35 



35 



150 



150 

50 



70 


°c/w 


Note 1: This specification applies over -55°C < Tj < +150° C for the LM120 and 0°C < Tj < +125°C for the LM320. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account separately. To ensure constant junction temperature, low duty 
cycle, pulse testing is used. The LM120/LM320 series does have low thermal feedback, improving line and load regulation. On ail other tests, even though power dissipation is internally limited, electrical specifica- 
tions apply only up to Pq. 



ypical Performance Characteristics 


Output Voltage vs 
Temperature 


— 

- 

“1 

_J 

5 


t 

— 

- 

-V c 

UT “12 

V AND -1 


— 

— 



1 

— 


— 

z 

Z 

— 1 

— 


— 

E 

z 

V, 



lI 

5V 

J L 

i= 


-50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE ( C) 


Note: Shaded portion refers 
to LM320 series regulators. 


Output Impedance TO-5 
and TO-202 Packages 



0.01k 0 1k Ik 10k 100k 1M 

FREQUENCY (Hz) 


Ripple Rejection 
(All Types) 



0.01k 0.1k Ik 10k 100k 

FREQUENCY (Hz) 


Output Impedance TO-3 
and TO-220 Packages 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Minimum Input-Output 
Differential TO-3 and 
TO-220 Packages 



0 025 0 5 0.75 1.0 1.25 1.5 

OUTPUT CURRENT (A) 


Minimum Input-Output 
Differential TO-5 and 
TO-202 Packages 



OUTPUT CURRENT (A) 



Quiescent Current vs 
Input Voltage 



5 10 15 20 25 30 35 40 

INPUT VOLTAGE (V) 


Quiescent Current vs 
Load Current 


Maximum Average Power 
Dissipation (TO-3) 



OUTPUT CURRENT (A) 


AMBIENT TEMPERATURE ( C) 


Note: Shaded area shows operating *These curves for LM120 and LM220. 

range of TO-5 and TO-202 packages. Derate 25° C further for LM320. 


Maximum Average Power 
Dissipation (TO-5) 


Maximum Average Power 
Dissipation (TO-202) 


Maximum Average Power 
Dissipation (TO-220) 


Short Circuit Current 




0 25 50 75 100 125 150 



AMBIENT TEMPERATURE (°C) 


AMBIENT TEMPERATURE ( C) 


AMBIENT TEMPERATURE ( C) 


V| N -V 0UT (V) 
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LM120 Series 





LM120 Series 






Typical Applications (cont‘d.) 


±15V, 1 Amp Tracking Regulators 



Load Regulation at Alt. - 1A IQ mV 1 mV 

Output Ripple, C| N - 3000 /jF, l L * 1A lOOuVrms lOQpVrms 

Temperature Stability +50 mV +50 mV 

Output Noise 10 Hz <f< 10 kHz 150pVrms 150pVrms 

’Resistor tolerance of R4 and R5 determine matching of (+) and (-) outputs. 
’’Necessary only if rave supply filter capacitors are more than 2 " from regulators. 


Connection Diagrams 



BOTTOM VIEW 


Metal Can Package (TO-39) (H) 
Order Numbers: 



BOTTOM VIEW 


INPUT 

(CASE) 


Steel Metal Can Package TO-3 (K) 
Order Numbers: 



BOTTOM VIEW 


INPUT 

(CASE) 


Aluminum Metal Can 
Package TO-3 (KC) 
Order Numbers: 


LM120H-5.0 LM120H-12 LM120H-15 LM120K-5.0 LM120K-12 LM120K-15 LM320KC-5.0 LM320KC-12 

LM320H-5.0 LM320H-12 LM320H-15 LM320K-5.0 LM320K-12 LM320K-15 LM320KC-15 

See Package H03A See Package K02A See Package KC02A 


INPUT 



FRONT VIEW 



OUT 

IN 

GND 


Power Package TO-202 (P) 


Power Package TO-220 (T) 


Order Numbers: 


Order Numbers: 


LM320MP-5.0 

LM320MP-12 

LM320MP-15 

See Package P03A 


For Tab Formed TO-202 
Order Numbers: 
LM320MP-5.0TB 
LM320MP-1 2TB 
LM320MP-1 5TB 
See Package P03E 


LM320T-5.0 
LM320T-12 
LM320T-15 
See Package T03B 
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LM120 Series 




LM120 Series 


Schematic Diagrams 


-5V 



-12V and -15V 
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National 
Semiconductor 
LM123/LM223/LM323 3 Amp, 

General Description 

The LM123 is a three-terminal positive regulator 
with a preset 5V output and a load driving capa- 
bility of 3 amps. New circuit design and processing 
techniques are used to provide the high output 
current without sacrificing the regulation charac- 
teristics of lower current devices. 


Voltage Regulators 
5 Volt Positive Regulator 

temperature, and power dissipation ensure that 
the LM123 will perform satisfactorily as a system 
element. 

For applications requiring other voltages, see 
LM150 series data sheet. 



The 3 amp regulator is virtually blowout proof. 
Current limiting, power limiting, and thermal 
shutdown provide the same high level of reliability 
obtained with these techniques in the LM109 
1 amp regulator. 

No external components are required for operation 
of the LM123. If the device is more than 4 inches 
from the filter capacitor, however, a IjuF solid 
tantalum capacitor should be used on the input. 
A O.lpF or larger capacitor may be used on the 
output to reduce load transient spikes created by 
fast switching digital logic, or to swamp out stray 
load capacitance. 

An overall worst case specification for the combined 
effects of input voltage, load currents, ambient 


Operation is guaranteed over the junction tempera- 
ture range -55°C to +150°C. An electrically 
identical LM223 operates from -25°C to +150°C 
and the LM323 is specified from 0°C to +125°C 
junction temperature. A hermetic TO-3 package is 
used for high reliability and low thermal resistance. 

Features 

■ 3 amp output current 

■ Internal current and thermal limiting 

■ 0.01 £2 typical output impedance 

■ 7.5 minimum input voltage 

■ 30W power dissipation 

■ 100% electrical burn-in 


Schematic Diagram 



Connection Diagram 



Order Number LM123K STEEL, 
LM223K STEEL or LM323K STEEL 
See Package K02A 


Typical Applications 


Basic 3 Amp Regulator 



'Required if LM123 is inure than 4" from filter capacitor 
* Regulator is stable with no load capacitor into resistive 
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LM123/LM223/LM323 




LM123/LM223/LM323 


Absolute Maximum Ratings 

Input Voltage ' 

Power Dissipation 

Operating Junction Temperature Range 
LM123 
LM223 
LM323 . 

Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) . 

Preconditioning 

Burn-In in Thermal Limit 100% All Devices 


Electrical Characteristics (Note 1) 


PARAMETER 


| LM123/LM223 

LM323 | 

UNITS 


MIN 

TYP 

MAX 

MIN 

TYP i 

MAX 

Output Voltage 

Tj = 25°C 

V IN = 7.5V, l OUT = 0 

4.7 

5 

5.3 

4.8 

5 

5.2 

V 

Output Voltage 

7.5V <V IN < 15V 

0^ l OUT <3A, P^30W 

4.6 


5.4 

4.75 


5.25 

V 

Line Regulation (Note 3) 

T = 25°C 

7.5V <V IN ^ 15V 


5 

25 


5 

25 

mV 

Load Regulation (Note 3) 

T, - 25°C, V IN = 7 5V, 

0 — Iout — 3A 


25 

100 


25 

100 

mV 

Quiescent Current 

7.5V < V 1N < 15V, 

0 — Iout — 3A 


12 

20 


12 

20 

mA 

Output Noise Voltage 

T, = 25° C 

10Hz<f< 100 kHz 


40 



40 


juVrms 


Tj = 25° C 








Short Circuit Current Limit 

V,n = 15V 


3 

4.5 


3 

4.5 

A 


Vin = 7.5V 


4 

5 


4 

5 

A 

Long Term Stability 

p. 



35 



35 

mV 

Thermal Resistance Junction 
to Case (Note 2) 



2 



2 


°C/W 


20V 

Internally Limited 

-55°C to +1 50°C 
-25° C to +150°C 
0°C to +125°C 
-65° C to +150°C 
300° C 


Note 1: Unless otherwise noted, specifications apply for -55° C — Tj ^ +150°C for the LM123, -25°C ^ Tj ^ +150°C for th^ 
LM223, and 0°C ^ Tj ^ +125°C for the LM323. Although power dissipation is internally limited, specifications apply only 
for P < 30 W. 

Note 2: Without a heat sink, the thermal resistance of the TO-3 package is about 35°C/W. With a heat sink, the effective 
thermal resistance can only approach the specified values of 2°C/W, depending on the efficiency of the heat sink. 

Note 3: Load and line regulation are specified at constant junction temperature. Pulse testing is required with a pulse 
width ^ 1 ms and a duty cycle ^ 5%. 

Typical Applications (cont‘d.) 

Adjustable Output 5V — 10V 0.1% Regulation 
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QUIESCENT CURRENT (mA) INPUT OUTPUT DIFFERENTIAL (V) OUTPUT CURRENT (A) POWER DISSIPATION (WATTS) 


Typical Performance Characteristics 


Maximum Average Power 
Dissipation For LM123; 
LM223 


Maximum Average Power 
Dissipation For LM323 


0 I •WAKEFIELD HEAT SINKS | 

25 50 75 100 125 

T a - AMBIENT TEMPERATURE ( C) 



Output Impedance 


iV, n = i5vEEE= : 

-/(THERMAL EFFECT) - 


25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 


y-C L = 10pF-| 
I SOLID I 

Itantalumi 


1 10 100 IK 10K 100K 1M 

FREQUENCY (Hz) 


Peak Available Output Current 


Short Circuit Current 


Ripple Rejection 



1 




— 


t / = 1 

50° C 



















T; = 

-55°C 




, = 125 C^ 

N 

-V 

25°C 














| 

b 1 


/ 

- v, N = iov- 

l L = 0 


S\. 

l = 10pF V 

SOLID / \ 



TANTALUM \ 

L_ 

■IN - 'UV. I U : JH 

(THERMAL EFFECT) 

fc 



C u = .VF 

V 






INPUT VOLTAGE (V) 


INPUT VOLTAGE (V) 


1 10 100 IK 10K 100K 1M 

FREQUENCY (Hz) 


Dropout Voltage 


Line Transient Response 


Output Voltage 







l L 

150 mA • 


A 



. Cl 

Tj 

O.lpF 

25° C 


u 




4 







7 







w 
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Load Transient Response 


Output Noise Voltage 



Vw 

= 10\ 





T, 

25°C 




N, 










»/> 


= 10pF 





SOLID TANTALUM 




^C L 

= 0.1 

uF 


< 
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INPUT VOLTAGE (V) 
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TIME (p$) 



10 100 IK 10K 

FREQUENCY (Hz) 
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LM123/LM223/LM323 



LM123/LM223/LM323 










National Voltage Regulators 

Semiconductor 

LM125/LM325/LM325A, LM126/LM326 
Voltage Regulators 

General Description 

These are dual polarity tracking regulators design- 
ed to provide balanced positive and negative out- 
put voltages at current up to 100 mA, the devices 
are set for ±15 V and ±12 V outputs respectively. 

Input voltages up to ±30 V can be used and there 
is provision for adjustable current limiting. These 
devices are available in three package types to 
accomodate various power requirements and 
temperature ranges. 


Features 

a ±15V and ±12V tracking outputs 

■ Output current to 100 mA 

■ Output voltages balanced to within 1% {LM125, 
LM126, LM325A) 

■ Line and load regulation of 0.06% 

■ Internal thermal overload protection 

■ Standby current drain of 3 mA 

■ Externally adjustable current limit 

■ Internal current limit 



Schematic and Connection Diagrams 



Dual-In-Line Package 



Order Number LM325AN, LM325N, 
or LM326N 
See Package N14A 


Metal Can Package 

CND 



Case connected to — V||\j 

Order Number 

LM125H, LM325H, LM126H, 
or LM326H 
See Package H10C 
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LM125/LM325/ 

LM325A, LM126/LM326 



LM125/LM325/ 

LM325A, LM126/LM326 


Absolute Maximum Ratings 


Input Voltage ±30V 

Forced Vq + (min) (Note 1) -0.5V 

Forced Vq" (max) (Note 1) +0.5V 

Power Dissipation (Note 2) P MAX 

Output Short-Circuit Duration (Note 3) Indefinite 


Operating Conditions 

Operating Temperature Range 

LM125 -55°C to + 125°C 

LM325, LM325A 0°C to +70°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300° C 


Electrical Characteristics LM125/LM325/LM325A (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

T, = 25°C 





LM125/LM325A 


14.8 

15 

15.2 

V 

LM325 


14.5 

15 

15.5 

V 

Input-Output Differential 


2.0 



V 

Line Regulation 

V, N = 18V to 30V, l L = 20 mA, 

T, = 25° C 


2.0 

10 

mV 

Line Regulation Over Temperature 
Range' 

V, N = 18V to 30V, t L = 20 mA 


2.0 

20 

mV 

Load Regulation 

l L = Oto 50 mA, V, N = ±30V, 





v 0 + 

T, = 25° C 


I 3.0 

10 

mV 

v o" 



5.0 

10 

mV 

Load Regulation Over Temperature 
Range 

l L =0to 50 mA. V IN = * 30V 





v 0 + 



4.0 

20 

mV 

Vo" 



7.0 

20 

mV 

Output Voltage Balance 

Tj = 25 J C 





LM125, LM325A 




±150 

mV 

LM325 




±300 

mV 

Output Voltage Over Temperature 

p PmaX' 0 ^ lo ^ mA, 





Range 

18V < IV, N I <30 





LM125/LM325A 


14.65 


15.35 

V 

LM325 


14.27 


15.73 

V 

Temperature Stability of V Q 



±0.3 


% 

Short Circuit Current Limit 

Tj = 25° C 


260 


mA 

Output Noise Voltage 

T, = 25°C, BW= 100- 10 kHz 


150 


pVrms 

Positive Standby Current 

T, = 25°C 


1.75 

3.0 

mA 

Negative Standby Current 

Tj = 25° C 


3.1 

5.0 

mA 

Long Term Stability 



0.2 


%/kHr 

Thermal Resistance Junction to 

Case (Note 4) 






LM125H, LM325H 



45 


°C/W 

Junction to Ambient 






LM325AN, LM325N 



150 


°C/W i 


Note 1 : That voltage to which the output may be forced without damage to the device. 

Note 2: Unless otherwise specified these specifications apply for T:=55°C to +150°C on LM125, T:=0°C to +125°C on 
LM325A, T:=0°C to +125°C on LM325, V )N =±20V, l L =0mA, l MAX =100mA, P MAX =2.0W for the TO-5 H Package. 
*MAX =1 ®® mA ‘ *MAX =1 ®^ ^MAX = *'®^ * or the D,p ^ Packa 9 e - 

Note 3: If the junction temperature exceeds 150°C, the output short circuit duration is 60 seconds. 

Note 4: Without a heat sink, the thermal resistance junction to ambient of the TO-5 Package is about 150°C/W. With a heat 
sink, the effective thermal resistance can only approach the junction to case values specified, depending of the efficiency of 
the sink. 
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Absolute Maximum Ratings 

Input Voltage 

Forced V 0 + (Min) (Note 1) 

Forced Vq" (Max) (Note 1) 

Power Dissipation (Note 2) 

Output Short-Circuit Duration (Note 3) 
Operating Temperature Range 
LM126 
LM326 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


±30V 

-0.5V 

+0.5V 

Internally Limited 
Indefinite 

-55°Cto+125°C 
0°C to +70°C 
-65°Cto+150°C 
300°C 


Electrical Characteristics LM126/LM326 (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

T, = 25°C 





LM126, LM326 


11.8 

12 

12.2 

V 



11.5 


12.5 

V 

Input-Output Differential 


2.0 



V 

Line Regulation 

V IN = 15V to 30V 
l L - 20 mA, T, = 25° C 


2.0 

10 

mV 

Line Regulation Over Temperature Range 

V IN = 15V to 30V, l L = 20 mA 


2.0 

20 

mV 

Load Regulation 

l L = 0 to 50 mA, V )N = ±3QV, 





v G f 

T, = 25°C 


3.0 

10 

mV 

Vo 



5.0 

10 

mV 

Load Regulation Over Temperature Range 

l L =0to 50 mA, V, N ~ ±30V 





Vo + 



■4.0 

20 

mV 

Vo' 



7.0 

20 

mV 

Output Voltage Balance 

T, - 25°C 





LM126, LM326 




±125 

mV 





±250 

mV 

Output Voltage Over Temperature Range 

P^PMAX'O^io — 50 mA 





LM126 

15V < IV IN 1 < 30V 

11.68 


12.32 

V 

LM326 


11.32 


12.68 

V 

Temperature Stability of V Q 



±0.3 


% 

Short Circuit Current Limit 

Tj = 25° C 


260 


mA 

Output Noise Voltage 

Tj=25°C, BW = 100 - 10 kHz 


100 


/uVrms 

Positive Standby Current 

Tj = 25°C, 1 L = 0 


1.75 

3.0 

mA 

Negative Standby Current 

Tj = 25°C, l u =0 


3.1 

5.0 

mA 

Long Term Stability 



0.2 


%/kHr 

Thermal Resistance Junction to Case (Note 4) 






LM126/LM326H 



45 


°C/W 

Junction to Ambient LM326N 



150 


°C/W 


Note 1 : That voltage to which the output may be forced without damage to the device. 

Note 2: Unless otherwise specified, these specifications apply for T:=55°C to +150°C on LM126, T:=0°C to +125°C on 
LM326, V| N =±20V, I l =0 mA, l MAX =100 mA, P MAX =2.0W for the TO-5 H Package l MAX =100mA. l MAX =100mA, 
P MAX =1 * 0W f° r the D,P N Package- 

Note 3: If the junction temperature exceeds 150°C the output short circuit duration is 60 seconds. 

Note 4: Without a heat sink, the thermal resistance junction to ambient of the TO-5 Package is about 150° C/W. With a heat 
sink, the effective thermal resistance can only approach the junction to case values specified, depending on the efficiency of 
the sink. 
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LM125/LM325/ 

LM325A, LM126/LM326 



LM125/LM325/ 

LM325A, LM126/LM326 


Typical Performance Characteristics (V, N - ±20V, l L = 0 mA, Tj = 25°C, unless otherwise noted.) 


LM125 Load Regulation 



LM126 Load Regulation 



LM1 25/126 Regulator 
Dropout Voltage for 
Positive Regulator 



LOAD CURRENT (mA) 


LM1 25/126 Regulator 
Dropout Voltage for 



LOAD CURRENT (mA) 


LM 125/1 26 Peak Output 
Current vs 

Junction Temperature 



-50 0 50 100 150 

JUNCTION TEMPERATURE ( C) 


LM 125/1 26 

Maximum Average Power 
Dissipation vs 
Ambient Temperature 



-55 -25 0 +25 +50 +75 +100 +125 

T a - AMBIENT TEMPERATURE ( C) 


LM325/326 

Maximum Average Power 
Dissipation vs 
Ambient Temperature 



0 25 50 75 100 

T a - AMBIENT TEMPERATURE ( C) 


LM1 25/126 Current 
Limit Sense Voltage vs 
Temperature for Negative 
Regulator 



-50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE ( C) 


LM 125/1 26 Current 
Limit Sense Voltage vs 
Temperature for Positive 
Regulator 



-50 -25 0 25 50 75 100 125 150 


JUNCTION TEMPERATURE ( C) 


LM125/126 
Standby Current Drain 


=3= 

T a = -55°C 

1 

-su 

F= 

PPLY 



T a = 

h25°C- 








125°C 







+ SUI 

’PLY 






“S'. 





“2 

’S' 



T a = -55°C- 
T a = +25°C- 
T a = +125°C 



i L 

-0 


20 22 24 26 28 30 

INPUT VOLTAGE (±V) ' v 
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LM125/LM325/ 

LM325A, LM126/LM326 






LM125/LM325/ 

LM325A, LM126/LM326 


Typical Performance Characteristics (cont‘d.) 


LM125 

Ripple Rejection 



100 1.0k 10k 100k 1M 

FREQUENCY (Hz) 


LM125 

Output impedance 
vs Frequency 



100 1.0k 10k 100k 1M 


FREQUENCY (Hz) 


LM126 

Ripple Rejection 


LM126 

Output Impedance 
vs Frequency 




FREQUENCY (Hz) 


FREQUENCY (Hz) 


Typical Applications 

Note. Metal can (H) packages shown. 


2.0 Amp Boosted Regulator With Current Limit 



Basic Regulator*** 



CURRENT LIMIT SENSE VOLTAGE (SEE CURVE) 


t S0LID TANTALUM 
n SH0RT PINS 6 AND 7 ON DIP 

m R CL CAN BE ADDED TO THE BASIC REGULATOR BETWEEN PINS 6 AND 5. 1 AND 2 
TO REDUCE CURRENT LIMIT. 

•REQUIRED IF REGULATOR IS LOCATED AN APPRECIABLE DISTANCE FROM POWER 
SUPPLY FILTER. 

••ALTHOUGH NO CAPACITOR IS NEEDED FOR STABILITY, IT DOES HELP TRANSIENT 
RESPONSE. (IF NEEDED USE I^F ELECTROLYTIC) 

•••ALTHOUGH NO CAPACITOR IS NEEDED FOR STABILITY. IT DOES HELP TRANSIENT 
RESPONSE. (IF NEEOED USE 10nF ELECTROLYTIC). 
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Typical Applications (cont‘d.) 


Positive Current Dependent Simultaneous Current Limiting 



l - . VsEMSC NEC ♦ Vdiode 
Cl Rci" 

l CL + CONTROLS BOTH SIDES OF THE REGULATOR. 


Boosted Regulator With Foldback Current Limit 



Resistor Values 



125 

126 

R1 

18 

20 

R2 

310 

180 

R3 

2.4k 

1.35k 

R6 

300 

290 

Rcl 

0.7 

0.9 


Electric Shutdown 



"SHORT PINS 6 AND 7 ON DIP 

'REQUIRED IF REGULATOR IS LOCATED AN APPRECIABLE DISTANCE FROM POWER 
SUPPLY FILTER. , 

"ALTHOUGH NO CAPACITOR IS NEEDED FOR STABILITY. IT DOES HELP TRANSIENT 
RESPONSE. (IF NEEDEO USE 1«jF ELECTROLYTIC I 



1-57 


LM125/LM325/ 

LM325A, LM126/LM326 



LM137/LM237/LM337 




National 

Semiconductor 


Voltage Regulators 


LM137/LM237/LM337 3-Terminal Adjustable 
Negative Regulators 

General Description 


The LM137/LM237/LM337 are adjustable 3-terminal 
negative voltage regulators capable of supplying in excess 
of — 1.5A over an output voltage range of —1.2V to 
-37V. These regulators are exceptionally easy to apply, 
requiring only 2 external resistors to set the output 
voltage and 1 output capacitor for frequency compensa- 
tion. The circuit design has been optimized for excellent 
regulation and low thermal transients. Further, the 
LM137 series features internal current limiting, thermal 
shutdown and safe-area compensation, making them 
virtually blowout-proof against overloads. 

The LM137/LM237/LM337 serve a wide variety of 
applications including local on-card regulation, program- 
mable-output voltage regulation or precision current 
regulation. The LM137/LM237/LM337 are ideal comple- 
ments to the LM1 17/LM217/LM317 adjustable positive 
regulators. 

Features 

■ Output voltage adjustable from —1.2V to —37V 
» 1 .5A output current guaranteed, -55° C to +1 50°C 


■ Line regulation typically 0.01%/V 

■ Load regulation typically 0.3% 

■ Excellent thermal regulation, 0.002%/W 

■ 77 dB ripple rejection 

■ Excellent rejection of thermal transients 

■ 50 ppm/° C temperature coefficient 

■ Temperature-independent current limit 

■ Internal thermal overload protection 

■ 100% electrical burn-in 

■ Standard 3-lead transistor package 


LM137 Series Packages and Power Capability 




RATED 

DESIGN 

DEVICE 

PACKAGE 

POWER 

LOAD 



DISSIPATION 

CURRENT 

LM137 

TO-3 

20W 

1.5A 

LM237 

LM337 

TO-39 

2W 

0.5A 

LM337T 

TO-220 

15W 

1.5A 

LM337M 

TO -202 

7.5W 

0.5 A 

LM337LZ 

TO-92 

0.62W 

0.1 A 


Typical Applications 


Adjustable Negative Voltage Regulator 



-V 0UT - -1.25V (l ♦ l ADJ X 

^C1 = 1 mF solid tantalum or 10 juF aluminum electrolytic required for stability. 
Output capacitors in the range of 1 pF to 1000 juF of aluminum or tan- 
talum electrolytic are commonly used to provide improved output impe- 
dance and rejection of transients. 

*C2 = 1 juF solid tantalum is required only if regulator is more than 4" from 
power-supply filter capacitor 
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Absolute Maximum Ratings 

Power Dissipation 
Input— Output Voltage Differential 
Operating Junction Temperature Range 
LM137 
LM237 
LM337 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 

Preconditioning 

Burn-In in Thermal Limit 

Electrical Characteristics (Noteii 


Internally limited 
40V 

-55° C to +1 50° C 
-25°C to +150°C 
0°C to +125°C 
-65°C to +1 50°C 
300° C 


100% All Devices 


Line Regulation 

T A = 25°C, 3V < |V|n-V 0 UTI < 40V 
(Note 2) 

Load Regulation 

Ta = 25° C, 10 mA < loUT < *MAX 
IVOUT) < 5V, (Note 2) 

IVOUTI > 5V, (Note 2) 

Thermal Regulation 

Ta = 25°C, 10 ms Pulse 

Adjustment Pin Current 


Adjustment Pin Current Change 

10mA< l|_< IMAX 

3.0V < |V|n-V0UTi < 40V, Ta = 25° C 

Reference Voltage 

T A = 25° C (Note 3) 

3 < |V|N-VoUTl < 40V, (Note 3) 

10 mA < loUT < 'MAX. P < PMAX 

Line Regulation 

3V < |V(N-VoUTI < 40V, (Note 2) 

Load Regulation 

10 mA < IQUT < Imax. (Note 2) 

|V0UTi<5V 

iV0UTl > 5V 

Temperature Stability 

TMIN <Tj<TMAX 

Minimum Load Current 

|V|N-VOUTI<40V 

|V|N-VoutI < 10V 

Current Limit 

|V|N-V0UTl<15V 

K and T Package 

H and P Package 
|V|N-VoUTl = 40V,Tj = 25°C 

K and T Package 

H and P Package 

RMS Output Noise, % of Vqjjt 

T A = 25° C, 10 Hz < f < 10 kHz 

Ripple Rejection Ratio 

VoUT = -10V,f= 120 Hz 

CADJ = 10/iF 

Long-Term Stability 

T A = 125°C, 1000 Hours 

Thermal Resistance, Junction to Case 

H Package 

K Package 

T Package 

P Package 


LM137/LM237 


0.01 0.02 


UNITS 


0.04 %/V 


1.213 -1.250 -1.287 

1.200 -1.250 -1.300 


Notel: Unless otherwise specified, these specifications apply -55°C <Tj<+150°C for the LM137, -25°C< Tj<+150°C for the 
LM237, 0°C< Tj < +125°C for the LM337; V| N -V 0 ut = 5V; and I O ut = 0.1A for the TO-39 and TO-202 packages and l O UT = 0.5A for 
the TO-3 and TO-220 packages. Although power dissipation is internally limited, these specifications are applicable for power dis- 
sipations of 2W for the TO-39 and TO-202 and 20W for the TO-3 and TO-220. Imax is 1.5A for the TO-3 and TO-220 packages, and 
0.5A for the TO-202 package and 0.2A for the TO-39 package. 

Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output volt- 
age due to heating effects are covered under the specification for thermal regulation. Load regulation is measured on the output pin at 
a point 1/8" below the base of the TO-3 and TO-39 packages. 

Note 3: Selected devices with tightened tolerance reference voltage available. 
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LM1377LM237/LM337 


















LM137/LM237/LM 


r*- 

CO 

CO 


Schematic Diagram 



When power is dissipated in an 1C, a temperature 
gradient occurs across the 1C chip affecting the individual 
1C circuit components. With an 1C regulator, this gradient 
can be especially severe since power dissipation is large. 
Thermal regulation is the effect of these temperature 
gradients on output voltage (in percentage output change) 
per Watt of power change in a specified time. Thermal 
regulation error is independent of electrical regulation or 
temperature coefficient, and occurs within 5 ms to 50 ms 
after a change in power dissipation. Thermal regulation 
depends on 1C layout as well as electrical design. The 
thermal regulation of a voltage regulator is defined as the 
percentage change of VoUT/ P er Watt, within the first 
10 ms after a step of power is applied. The LM137's 
specification is 0.02%/W, max. 


In Figure 1 , a typical LM137's output drifts only 3 mV 
(or 0.03% of VoUT = —10V) when a 10W pulse is 
applied for 10 ms. This performance is thus well inside 
the specification limit of 0.02%/W x 10W = 0.2% max. 
When the 10W pulse is ended, the thermal regulation 
again shows a 3 mV step as the LM137 chip cools 
off. Note that the load regulation error of about 8 mV 
(0.08%) is additional to the thermal regulation error. 
In Figure 2, when the 10W pulse is applied for 100 ms, 
the output drifts only slightly beyond the drift in the 
first 10 ms, and the thermal error stays well within 
0.1% (10 mV). 



LM137, V OUT = -10V 
V|N -V OUT = -40V 
l L = 0A-*0.25A^0A 
Vertical sensitivity, 5 mV/div 

FIGURE 1 



LM137, V O ut = -10V 
V|N-VOUT = -40V 
1 1_ = OA -*• 0.25A -*> 0A 
Horizontal sensitivity, 20 ms/div 

FIGURE 2 
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Connection Diagrams 


TO-220 
Plastic Package 


TO-202 
Plastic Package 


TO-3 

Metal Can Package 



Order Number: 
LM137K STEEL 
LM237K STEEL 
LM337K STEEL 
See Package K02A 


TO-39 

Metal Can Package 



CASE IS INPUT 
BOTTOM VIEW 

Order Number: 
LM137H 
LM237H 
LM337H 

See Package H03B 



FRONT VIEW 
Order Number: 
LM337T 

See Package T03B 



FRONT VIEW 


Order Number: 
LM337MP 
See Package P03A 

For Tab Bend TO-202 
Order Number: 
LM337MP 
See Package P03E 


Typical Applications (Continued) 


Adjustable Lab Voltage Regulator 


—5.2V Regulator with Electronic Shutdown* 




*The 10 /iF capacitors are optional to improve ripple rejection 


Current Regulator 



Adjustable Current Regulator 



±15% adjustable 


Negative Regulator with Protection Diodes 


High Stability —10V Regulator 



the LM137 in case the input supply is shorted 

**When C2 is larger than 10 mF and -VquT is 
larger than —25V, D2 protects the LM1 37 in 
case the output is shorted 



Vout 

--10V 
15 ppm/°C 



1-61 


LM137/LM237/LM337 




LM1377LM2377LM337 


Typical Performance Characteristics (K Steel and T Packages) 



-75 -50 -25 0 25 50 75 100 125 150 



0 10 20 30 40 



-75 -50-25 0 25 50 75 100 125 150 


TEMPERATURE (°C) 
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TEMPERATURE TC) 


Dropout Voltage 



TEMPERATURE (°C) 


Temperature Stability 
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0 10 20 30 40 

INPUT-OUTPUT DIFFERENTIAL (V) 
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Ripple Rejection 
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National 

Jut Semiconductor 


Voltage Regulators 


LM137HV/LM237HV/LM337HV 

3-Terminal Adjustable Negative Regulators (High Voltage) 


General Description 


Features 


The LM137HV/LM237HV/LM337HV are adjustable 
3-terminal negative voltage regulators capable of sup- 
plying in excess of -1.5A over an output voltage range 
of —1.2V to -47V. These regulators are exceptionally 
easy to apply, requiring only 2 external resistors to set 
the output voltage and 1 output capacitor for frequency 
compensation. The circuit design has been optimized for 
excellent regulation and low thermal transients. Further, 
the LM137HV series features internal current limiting, 
thermal shutdown and safe-area compensation, making 
them virtually blowout-proof against overloads. 

The LM137HV/LM237HV/LM337HV serve a wide 
variety of applications including local on-card regula- 
tion, programmable-output voltage regulation or pre- 
cision current regulation. The LM137HV/LM237HV/ 
LM337HV are ideal complements to the LM117HV/ 
LM217HV/LM317HV adjustable positive regulators. 


Output voltage adjustable from -1.2V to —47V 
1 .5A output current guaranteed, -55°C to +1 50°C 
Line regulation typically 0.01%/V 
Load regulation typically 0.3% 

Excellent thermal regulation, 0.002%/W 
77 dB ripple rejection 
Excellent rejection of thermal transients 
50 ppm/°C temperature coefficient 
Temperature-independent current limit 
Internal thermal overload protection 
100% electrical burn-in 
Standard 3-lead transistor package 


Typical Applications 


Adjustable Negative Voltage Regulator 


V IM LM137HV/ V 0UT 
I LM337HV | 


1"C1 = 1 nF solid tantalum or 10 /uF aluminum electrolytic required for stability. 
Output capacitors in the range of 1 ^F to 1000 juF of aluminum or tan- 
talum electrolytic are commonly used to provide improved output impe- 
dance and rejection of transients. 

*C2 = 1 piF solid tantalum is required only if regulator is more than 4" from 
power-supply filter capacitor 
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LM137HV/ 

LM237HV/ LM337HV 


Absolute Maximum Ratings 








Power Dissipation 

Internally limited 







Input-Output Voltage Differential 50V 







Operating Junction Temperature Range 








LM137HV 

-55° C to +150°C 







LM237HV 

-25°Cto+150°C 







LM337HV 

0°C to +125°C 







Storage Temperature 

-65° C to +1 50°C 







Lead Temperature (Soldering, 10 seconds) 300°C 







Preconditioning 









Burn-In in Thermal Limit 

100% All Devices 







Electrical Characteristics (Notei) 








PARAMETER 

CONDITIONS 

LM137HV/LM237HV 

LM337HV 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Line Regulation 

T A = 25°C, 3V < |V | N-VoUTi < 50V , 
(Note 2) 


0.01 

0.02 


0.01 

0.04 

%/V 

Load Regulation 

T A = 25°C, 10 mA< l 0 UT< 'MAX 
IVquTI < 5V, (Note 2) 


15 

25 


15 

50 

mV 


|V 0 UTl> 5V '< Note 2 > 


0.3 

0.5 


0.3 

1.0 

% 

Thermal Regulation 

T A = 25° C, 10 ms Pulse 


0.002 

0.02 


0.003 

0.04 

%/W 

Adjustment Pin Current 



65 

100 


65 

100 

juA 

Adjustment Pin Current Change 

10mA< Il< IMAX 


2 

5 


2 

5 

UA 


2.5V <|V|n-V0UTI< 50V, 

T A = 25° C 


3 

6 


3 

6 

ma 

Reference Voltage 

T A = 25° C, (Note 3) 

-1.225 

-1.250 

-1.275 

-1.213 

-1.250 

-1.287 

V 


3 < IVin-VoutI < 50V, (Note 3) 

10 mA < loUT < IMAX. p < P MAX 

-1.200 

-1.250 

-1.300 

-1.200 

-1.250 

-1.300 

V 

Line Regulation 

3V < IV 1 N-VOUTI < 50V, (Note 2) 


0.02 

0.05 


0.02 

0.07 

%/V 

Load Regulation 

10 mA < loUT < IMAX. (Note 2 ) 

IVoutI < 5V 


20 

50 


20 

70 

mV 


I v OUTi>5V 


0.3 

1 


0.3 

1.5 

% 

Temperature Stability 

TMIN<Tj<TMAX 


0.6 



0.6 


% 

Minimum Load Current 

|V|N-VoUTI < 50V 


2.5 

5 


2.5 

10 

mA 


|V|N-VOUTI<10V 


1.2 

3 


1.5 

6 

mA 

Current Limit 

|V|N-V0UTl<13V 

K Package 

1.5 

2.2 

3.2 

1.5 

2.2 

3.5 

A 


H Package 

|V|N-VOUTI = 50V 

0.5 

0.8 

1.6 

0.5 

0.8 

1.8 

A 


K Package 

0.2 

0.4 

0.8 

0.1 

0.4 

0.8 

A 


H Package 

0.1 

0.17 

0.5 

0.050 

0.17 

0.5 

A 

RMS Output Noise, % of VouT 

T A = 25° C, 10 Hz<f< 10 kHz 


0.003 



0.003 


% 

Ripple Rejection Ratio 

V0UT= -10V, f = 120 Hz 


60 



60 


dB 


Cadj = 10 

66 

77 


66 

77 


dB 

Long-Term Stability 

T A = 125°C, 1000 Hours 


0.3 

1 


0.3 

1 

% 

Thermal Resistance, Junction 

H Package 


12 

15 


12 

15 

°C/W 

to Case 

K Package 


2.3 

3 


2.3 

3 

°c/w 

Note 1: Unless otherwise specified, these specifications apply -55°C < Tj < +150°C for the LM137HV, -25°C < Tj < +150°C for the LM237HV, 

0°C < Tj < +125°C for the LM337HV; V|n-Vout = 5V; and Iout = 0-^A for the TO-39 package and Iqut = 0-5A for the TO-3 package. Although 

power dissipation is internally limited, these specifications are applicable for power dissipations of 2W for the TO-39 and 20W for the TO-3. Imax is 

1 .5A for the TO-3 package and 0.2A for the TO-39 package. 








Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating 
effects are covered under the specification for thermal regulation. Load regulation is measured on the output pin at a point 1/8" below the base of the 

| TO-3 and TO-39 packages. 









Note 3: Selected devices with tightened tolerance reference voltage available. 
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Schematic Diagram 



Thermal Regulation 


When power is dissipated in an 1C, a temperature 
gradient occurs across the 1C chip affecting the individual 
1C circuit components. With an 1C regulator, this gradient 
can be especially severe since power dissipation is large. 
Thermal regulation is the effect of these temperature 
gradients on output voltage (in percentage output change) 
per Watt of power change in a specified time. Thermal 
regulation error is independent of electrical regulation or 
temperature coefficient, and occurs within 5 ms to 50 ms 
after a change in power dissipation. Thermal . regulation 
depends on 1C layout as well as electrical design. The 
thermal regulation of a voltage regulator is defined as the 
percentage change of VouT* P er Watt, within the first 
10 ms after a step of power is applied. The LM137HV's 
specification is 0.02%/W, max. 


In Figure 1 , a typical LM137HV's output drifts only 
3 mV (or 0.03% of VoUT = -10V) when a 10W pulse is 
applied for 10 ms. This performance is thus well inside 
the specification limit of 0.02%/W x 10W = 0.2% max. 
When the 10W pulse is ended, the thermal regulation 
again shows a 3 mV step as the LM137HV chip cools 
off. Note that the load regulation error of about 8 mV 
(0.08%) is additional to the thermal regulation error. 
In Figure 2, when the 10W pulse is applied for 100 ms, 
the output drifts only slightly beyond the drift in the 
first 10 ms, and the thermal error stays well within 
0.1% (10 mV). 


LM137HV, Vqut = —10V 
V|N-V 0 UT = -40V 
l L = 0A -» 0.25A -> 0A 
Vertical sensitivity, 5 mV/div 

FIGURE 1 


LM137HV, V O UT = -10V 

v ll\l _v OUT = - 40V 
l L = 0A^ 0.25A-^ 0A 
Horizontal sensitivity, 20 ms/div 
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LM137HV/ 

LM237H V/ LM337H V 


Connection Diagrams 


TO-3 

Metal Can Package 


TO-39 

Metal Can Package 


ADJUSTMENT / Q 


Ordering Information 
LM137HVK STEEL 
LM237HVK STEEL 
LM337HVK STEEL 
See Package K02A 


\ 2 / 

BOTTOM VIEW 


Ordering Information 
LM137HVH 
Lm237HVH 
LM337HVH 
See Package H03B 


jr (O) — N. ADJUSTMENT 

9|~ OUTPUT 

input 

CASE IS INPUT 
BOTTOM VIEW 


Typical Applications (Continued) 


Adjustable High Voltage Regulator 


| LM317HV ■ ■■■ 

|A0J ' <120 


1 AOJ S« 


The 10 fiF capacitors are optional to improve ripple rejection 


Current Regulator 


LM137HV hr#— 
I— Z-U v 0UT 
V|N 

[CURRENT 


R1 

*0.8*2 < R1 < 120n 


Adjustable Current Regulator 



±15% adjustable 


Negative Regulator with Protection Diodes 


High Stability -40V Regulator 



<R1 " 

AOJ 

>249 A 

IM137HV/ 

1 1 

LM337HV 

l v 0UT 

V|N 

i 

-V|N— 1 




When C|_ is larger than 20 pF, D1 protects 
the LM137HV is case the input supply is shorted 

*When C2 is larger than 10 pF and — VoUT '* 
larger than —25V, D2 protects the LM137HV 
in case the output is shorted 


*Use resistors with good tracking TC < 25 ppm/°C 
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LM138/LM238/LM338 




National 
Semiconductor 

LM1 38/LM238/LM338 
5 Amp Adjustable Power Regulators 


Voltage Regulators 


General Description 

The LM138/LM238/LM338 1 are. adjustable 3-terminal 
positive voltage regulators capable of supplying in excess 
of 5A over a 1.2V to 32V output range. They are 
exceptionally easy to use and require only 2 resistors 
to set the output voltage. Careful circuit design has 
resulted in outstanding load and line regulation — 
comparable to many commercial power supplies. The) 
LM138 family is supplied in a standard 3-lead transistor 
package. 


very high ripple rejections ratios which are difficult 
to achieve with standard 3-terminal regulators. 

Besides replacing fixed regulators or discrete designs, 
the LM138 is useful in a wide variety of other applica- 
tions, Since the regulator is "floating” and sees only the 
input-to-output differential voltage, supplies of several 
hundred volts can be regulated as long as the maximum 
input to output differential is not exceeded. 


A unique feature of the LM138 family is time-dependent 
current limiting. The current limit circuitry allows 
peak currents of up to 12A to be drawn from the 
regulator for short periods of. time. This allows the 
LM138 to be used with heavy transient loads and 
speeds start-up under full-load conditions. Under sus- 
tained loading conditions, the current limit decreases 
to a safe value protecting the regulator. Also included 
on the chip are -thermal overload protection and safe 
area protection for the power transistor. Overload 
protection remains functional even if the adjustment 
pin is accidentally disconnected. 

Normally, no capacitors are needed unless the device is 
situated far from the input filter capacitors in which 
case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. 
The adjustment terminal can be bypassed to achieve 


The LM138/LM238/LM338 are packaged in standard 
steel TO-3 transistor packages. The LM138 is rated for 
operation from -55°C to +150°C, the LM238 from 
-25°C to +1 50° C and the LM338 from 0°C to +1 25°C. 

Features 

■ Guaranteed 7A peak output current 

■ Guaranteed 5A output current 

■ Adjustable output down to 1 .2V 

■ Line regulation typically 0.005%/V 

■ Load regulation typically 0.1% 

■ Guaranteed thermal regulation 

■ Current limit constant with temperature 

■ 100% electrical burn-in in thermal limit 

■ Standard 3-lead transistor package 


Typical Applications 

1.2V— 25V Adjustable Regulator 10A Regulator 


Regulator and Voltage 
Reference 



ttv OUT = 1-25V 

**R1 = 2400 for LM138 and LM238 
R1 , R2 as an assembly 
can be ordered from 
Bourns: 

MIL part no. 7105A-AT2-502 
COMM part no. 7105A-AT7-502 


1-68 




Absolute Maximum Ratings 


Power Dissipation 
Input— Output Voltage Differential 
Operating Junction Temperature Range 
LM138 
LM238 
LM338 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 


Internally limited 
35V 

— 55°C to +1 50° C 
— 25°C to +1 50° C 
0°C to +1 25° C 
— 65°C to +1 50° C 
300° C 


Electrical Characteristics (Note 1) 


Preconditioning 

Burn-In in Thermal Limit 


All Devices 100% 


PARAMETER 


LM138/LM238 

LM338 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Line Regulation 

T A = 25°C, 3V < V| N - VOUT < 35V, 

(Note 2) 


0.005 

0.01 


0.005 

0.03 

%/v 

Load Regulation 

Ta = 25°C, 10 mA < loUT < 5A 
V0UT<5V, (Note 2) 


5 

15 


5 

25 

mV 


v OUT > 5V, (Note 2) 


0.1 

0.3 


0.1 

0.5 

% 

Thermal Regulation 

Pulse = 20 ms 


0.002 

0.01 


0.002 

0.02 

%/W 

Adjustment Pin Current 



45 

100 


45 

100 

pA 

Adjustment Pin Current Change 

10 mA < l[_<5A 

3V<(V|i\|- V 0 ut><35V 


0.2 

5 


0.2 

5 

pA 

Reference Voltage 

3 < (V|N - VOUT) < 35V, (Note 3) 

10 mA < loUT < 5A, P < 50W 

1.19 

1.24 

1.29 

1.19 

1.24 

1.29 

V 

Line Regulation 

3V < V||\j - VoUT< 35V, (Note 2) 


0.02 

0.04 


0.02 

0.06 

%/V 

Load Regulation 

10mA< l0UT<5A, (Note 2) 

v OUT< 5V 


20 

30 


20 

50 

mV 


V0UT> 5V- 


0.3 

0.6 


0.3 

1.0 

% 

Temperature Stability 

TmIN < Tj <TmaX 


1 



1 


% 

Minimum Load Current 

V|N “ VoUT = 35V 


3.5 

5 


3.5 

10 

mA 

Current Limit 

V|N “ VoUT < 10V 

DC 

5.0 

8 


5.0 

8 


A 


0.5 ms Peak 

7 

12 


7 

12 


A 


V|N~VouT = 30V 


1 



1 


A 

RMS Output Noise, % of VoUT 

T A = 25°C, 10 Hz < f < 10 kHz 


0.003 



0.003 


% 

Ripple Rejection Ratio 

V0UT= 10V, f = 120 Hz 


60 



60 


dB 


CadJ = 10 pF 

60 

75 


60 

75 


dB 

Long Term Stability 

T A = 1 25°C 


0.3 

1 


0.3 

1 

% 

Thermal Resistance, Junction 

to Case 

K Package 



1.0 



1.0 

°C/W 


Note 1: Unless otherwise specified, these specifications apply -55°C < Tj < +150°C for the LM138, -25°C < Tj < +150°C for the LM238 and 
0°C < Tj < +125°C for the LM338, V||\j - Vqijj = 5V and loUT = 2.5A. Although power dissipation is internally limited, these specifications 
are applicable for power dissipations up to 50W. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects are taken into account sep- 
arately by thermal regulation. 

Note 3: Selected devices with tightened tolerance reference voltage available. 


Typical Performance Characteristics 


Current Limit 



Current Limit 



--- 

PEAK CURRENT LIMIT 1 
nr CURRENT LIMIT J 



— 1 

TCASE = 25°C 
; PRELOAD = 0 

kill 




K 




_J 

% 

V 

> 

v PRELOAD = 3A 

'Ll ii . 

1 A " 

J 


5 

yft\ 

PRELUAU = b/ 

II 

T 



\ V 


RELt 

)AD 

]_ 



S 


\ 



L 







2 


0 10 20 30 40 

INPUT-OUTPUT DIFFERENTIAL (V) 



0.1 1 10 100 
TIME (ms) 
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Typical Performance Characteristics (Continued) 


Load Regulation 












. 








L "" 

__ 

- 






li =5A 


- 













V.. 


H 







V 0 UT = 10V 
PRELOAD = 50 mA 






-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Dropout Voltage 



-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Adjustment Current 



-75 -50 -25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 


Temperature Stability 



-75 -50 -25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 


Output Impedance 



FREQUENCY (Hz) 


Minimum Operating 
Current 



0 10 20 30 40 


INPUT-OUTPUT DIFFERENTIAL (V) 


Ripple Rejection 


Ripple Rejection 



0 5 10 15 20 25 30 35 



10 100 Ik 10k 100k 1M 


OUTPUT VOLTAGE (V) 


FREQUENCY (Hz) 


Ripple Rejection 



0.1 1 10 
OUTPUT CURRENT (A) 


Line Transient Response 


T 1 

— C L = 1 pF 
In. = n- 

r rn 

C L = 10 

r 




mF n 





u 




\ 



r 





t 



V OUT =10V 
lL * 50 mA 

Tj = 25° C 













: 
















i 












0 10 20 30 40 

TIME (ps) 


Load Transient Response 
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Application Hints 


In operation, the LM138 develops a nominal 1.25V 
reference voltage, Vr E f» between the output and 
adjustment terminal. The reference voltage is impressed 
across program resistor R1 and, since the voltage is con- 
stant, a constant current h then flows through the 
output set resistor R2, giving an output voltage of 


Although the LM138 is stable with no outout capacitors, 
like any feedback circuit, certain values of external 
capacitance can cause excessive ringing. This occurs 
with values between 500 pF and 5000 pF. A 1 juF 
solid tantalum (or 25 gF aluminum electrolytic) on the 
output swamps this effect and insures stability. 


V0UT = V REF 



+ 'adj R2 - 


LM338 



Load Regulation 

The LM138 is capable of providing extremely good load 
regulation but a few precautions are needed to obtain 
maximum performance. The current set resistor con- 
nected between the adjustment terminal and the output 
terminal (usually 24012) should be tied directly to the 
output of the regulator rather than near the load. This 
eliminates line drops from appearing effectively in series 
with the reference and degrading regulation. For exam- 
ple, a 15V regulator with 0.0512 resistance between the 
regulator and load will have a load regulation due to 
line resistance of 0.0512 x l|_. If the set resistor is con- 
nected near the load the effective line resistance will be 
0.0512 (1 + R2/R1) or in this case, 11.5 times worse. 

Figure 2 shows the effect of resistance between the regu- 
lator and 24012 set resistor. 



Since the 50 juA current from the adjustment terminal 
represents an error term, the LM138 was designed to 
minimize IaDJ and make it very constant with line 
and load changes. To do this, all quiescent operating 
current is returned to the output establishing a mini- 
mum load current requirement. If there is insufficient 
load on the output, the output will rise. 

External Capacitors 

An input bypass capacitor is recommended. A 0.1 /iF 
disc or 1 ii F solid tantalum on the input is suitable input 
bypassing for almost all applications. The device is more 
sensitive to the absence of input bypassing when adjust- 
ment or output capacitors are used but the above values 
will eliminate the possibility of problems. 

The adjustment terminal can be bypassed to ground on 
the LM138 to improve ripple rejection. This bypass 
capacitor prevents ripple from being amplified as the 
output voltage is increased. With a 10 ^F bypass capac- 
itor 75 dB ripple rejection is obtainable at any output 
level. Increases over 20 fiF do not appreciably improve 
the ripple rejection at frequencies above 120 Hz. If the 
bypass capacitor is used, it is sometimes necessary to 
include protection diodes to prevent the capacitor 
from discharging through internal low current paths 
and damaging the device. 

In general, the best type of capacitors to use are solid 
tantalum. Solid tantalum capacitors have low impedance 
even at high frequencies. Depending upon capacitor 
construction, it takes about 25 [iF in aluminum electro- 
lytic to equal 1 juF solid tantalum at high frequencies. 
Ceramic capacitors are also good at high frequencies, 
but some types have a large decrease in capacitance at 
frequencies around 0.5 MHz. For this reason, 0.01 (iF 
disc may seem to work better than a 0.1 (iF disc as 
a bypass. 


LM338 



FIGURE 2. Regulator with Line Resistance 
in Output Lead 


With the TO-3 package, it is easy to minimize the resis- 
tance from the case to the set resistor, by using 2 sep- 
arate leads to the case. The ground of R2 can be returned 
near the ground of the load to provide remote ground 
sensing and improve load regulation. 

Protection Diodes 

When external capacitors are used with any 1C regulator 
it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
current points into the regulator. Most 20juF capacitors 
have low enough internal series resistance to deliver 
20A spikes when shorted. Although the surge is short, 
there is enough energy to damage parts of the 1C. 

When an output capacitor is connected to a regulator 
and the input is shorted, the output capacitor will 
discharge into the output of the regulator. The discharge 
current depends on the value of the capacitor, the 
output voltage of the regulator, and the rate of decrease 
of V| |\j. In the LM138 this discharge path is through 
a large junction that is able to sustain 25A surge with no 
problem. This is not true of other types of positive 
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Application Hints (Continued) 


regulators. For output capacitors of 100 jiiF or less 
at output of 15V or less, there is no need to use diodes. 

The bypass capacitor on the adjustment terminal can 
discharge through a low current junction. Discharge 
occurs when either the input or output is shorted. 
Internal to the LM138 is a 5012 resistor which limits 
the peak discharge current. No protection is needed 
for output voltages of 25V or less and 10 fi F capac- 
itance. Figure 3 shows an LM138 with protection 
diodes included for use with outputs greater than 
25V and high values of output capacitance. 


iomF D1 protects against Cl 

_1_ D2 protects against C2 


V 0UT = 1-25V + —J + R2I ADJ 

*R1 = 240£1 for LM138 and LM238 
FIGURE 3. Regulator with Protection Diodes 


Schematic Diagram 








R1 = 240 £2 for LM138 and LM238 


'•'Solid tantalum 

^Discharges Cl if output is shorted to ground 
**R1 = 240n for LM138 and LM238 


Digitally Selected Outputs 


15A Regulator 



Sets maximum Vqut 

R1 = 240U for LM138 and LM238 




5V Logic Regulator with 
Electronic Shutdown** 


*Minimum load— 100 mA 

0 to 22V Regulator 


n a 

5V 25V T 


< R1* 


L , 

< 120 


— 0.1 /uF ' 

‘ t — 

i— ■ 0.1 pF — r 

< 

>R2 'N 


< 

>720 2N2219J — 

-AAAr- 


[ f 



LM338 . 

V|N V 0UT-f—V0UT 


*R1 = 240ft for LM138 or LM238 
*Minimum output ~ 1.2V 


*R1=240ft, R2 = 5k for LM138 and LM238 


LM138/LM238/LM338 









Typical Applications (Continued) 

12V Battery Charger 



Adjustable Current Regulator 


Precision Current Limiter 



5A Current Regulator 


LM338 




*0.4 < R1 < 120n 


Tracking Preregulator 


R2 

720 



Adjusting Multiple On-Card Regulators 
with Single Control* 








Typical Applications (Continued) 

Adjustable 15A Regulator 


Power Amplifier 



Simple 12V Battery Charger 



*R$— se ts output impedance of charger ZquT ~ P + — 
Use of Rg allows low charging rates with fully ' 
charged battery. 

h *The 1000 is recommended to filter out 
input transients 


Current Limited 6V Charger 


LM338 



*Sets max charge current to 3A 

**The 1000 pF is recommended to filter out 
input transients 


Connection Diagram 


Metal Can Package 



Order Number 
LM138K STEEL 
LM238K STEEL 
LM338K STEEL 
See NS Package K02A 
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LM140A/LM140/ 
LM340A/LM340 Series 


National 

Semiconductor 


Voltage Regulators 


LM1 40 A/LM1 40/LM340 A/LM 340 Series 
3-Terminal Positive Regulators 

General Description 


The LM140A/LM140/LM340A/LM340 series of positive 
3-terminal voltage regulators are designed to provide 
superior performance as compared to the previously 
available 78XX series regulator. Computer programs 
were used to optimize the electrical and thermal perfor- 
mance of the packaged 1C which results in outstanding 
ripple rejection, superior line and load regulation in high 
power applications f over 15W). 

With these advances in design, the LM340 is now guaran- 
teed to have line and load regulation that is a factor of 
2 better than previously available devices. Also, all 
parameters are guaranteed at 1 A vs 0.5A output current. 
The LM 140 A/LM 340 A provide tighter output voltage 
tolerance, ±2% along with 0.01%/V line regulation and 
0.3%/A load regulation. 

Current limiting is included to limit peak output current 
to a safe value. Safe area protection for the output 
transistor is provided to limit internal power dissipation. 
If internal power dissipation becomes too high for the 
heat sinking provided, the thermal shutdown circuit 
takes over limiting die temperature. 

Considerable effort was expended to make the LM 140-XX 
series of regulators easy to use and minimize the number 
of external components. It is not necessary to bypass the 
output, although this does improve transient response. 
Input bypassing is needed only if the regulator is located 
far from the filter capacitor of the power supply. 

Although designed primarily as fixed voltage regulators, 
these devices can be used with external components to 
obtain adjustable voltages and currents. 

The entire LM140A/LM140/LM340A/LM340 series of 
regulators is available in the metal TO-3 power package 
and the LM340A/LM340 series is also available in the 
TO-220 plastic power package. 


Typical Applications 


For output voltages other than 5V, 12V, and 15V, 

the LM117 series provides an output voltage range 

from +1 .2V to +57V. 

Features 

■ Complete specifications at 1A load 

■ Output voltage tolerances of ±2% at Tj = 25°C and 
±4% over the temperature range (LM140A/LM340A) 

■ Fixed output voltages available 5, 12, and 15V 

■ Line regulation of 0.01% of Vq\jj/V A V | j\j at 1A 
load (LM140A/LM340A) 

■ Load regulation of 0.3% of Vout/A AI|_OAD 
( LM 1 40A/LM340A) 

■ Internal thermal overload protection 

■ Internal short-circuit current limit 

■ Output transistor safe area protection 

■ 100% thermal limit burn-in 

■ Special circuitry allows start-up even if output is 
pulled to negative voltage (± supplies) 

LM140 Series Package and Power Capability 




RATED 

DESIGN 

DEVICE 

PACKAGE 

POWER 

LOAD 



DISSIPATION 

CURRENT 

LM140 

LM340 

TO-3 

20W 

1.5A 

LM340T 

TO-220 

15W 

1.5A 

LM341 

TO-202 

7.5W 

0.5A 

LM342 

TO-202 

7.5W 

0.25A 

LM140L 

LM340L 

TO-39 

2W 

0.1 A 

LM340L 

TO-92 

1.2W 

0.1 A 


Fixed Output Regulator 


Adjustable Output Regulator 


Current Regulator 



Required if the regulator is located far from 
the power supply filter 
* Although no output capacitor is needed for 
stability, it does help transient response. (If 
needed, use 0.1 juF. ceramic disc) 


V 0 UT = 5V + (5V/R1 + I q) R2 
5V/R1 > 3 Iq, load regulation (L r ) 5 
[(R1 + R2)/R1 ] (L r of LM340-5) 


AIq = 1.3 mA over line and load changes 
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Absolute Maximum Ratings 

Input Voltage (Vo = 5V, 12V, 15V) 35 V 

, Internal Power Dissipation (Note 1) Internally Limited 
Operating Temperature Range (Ta) 

LM140A/LM140 -55°Cto +125 # C 

LM340A/LM340 0 °C to + 70 *C 

Maximum Junction Temperature 

(TO*3 Package K, KC) 1 50 °C 

(TO-220 Package T) 1 25 °C 

Storage Temperature Range -65*Cto + 150°C 

Lead Temperature (Soldering, 10 Seconds) 

TO-3 Package K, KC 300 °C 

TO-220 Package T 230 °C 


Electrical Characteristics LM140A/LM340A (Note 2) 

IOUT = 1A, -55°C < Tj < + 150°C (LM140A), or 0°C < Tj < +125 b C (LM340A) unless otherwise specified. 


OUTPUT VOLTAGE 

5V 

12V 

15V 


INPUT VOLTAGE (unless otherwise noted) 

10V 

19V 

23V 

UNITS 

| PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 




Tj = 25 °C 

4.9 5 5.1 

11.75 12 12.25 

14.7 15 15.3 

V 

v 0 

Output Voltage 

Pp < 15W, 5 mA < Iq < 1A 

VMIN< V|n< v M ax 

4.8 5.2 

(7.5 < V| N < 20) 

11.5 12.5 

(14.8 < V| N < 27) 

14.4 15.6 

(17.9 < V|N < 30) 

V 

V 



lo = 500 mA 


10 

18 

22 

mV 



AVin 


(7.5 < V| N < 20) 

(14.8 « V|N < 27) 

(17.9 < V|N< 30) 

V 



Tj = 25 °C 


3 10 

4 18 

4 22 

mV 

AV 0 

Line Regulation 

av )n 


(7.3 < V|N < 20) 

(14.5 « V|N < 27) 

(17.5 « V|N < 30) 

V 



Tj = 25°C 


4 

9 

10 

mV 



Over Temperature 

A V| N 

12 

(8-< V| N < 12) 

30 

(16 < V, N < 22) 

30 

(20 < V|N < 26) 

mV 

V 

A Vq 

Load Regulation 

Tj =25°C 

5 mA < |q «; 1.5A 

250 mA < Iq < 750 mA 

10 25 

15 

12 32 

19 

12 35 

21 

mV 

mV 



Over Temperature, 5 mA < Iq < 1A 

25 

60 

75 

mV 

IQ 

Quiescent Current 

Tj =25°C 

Over Temperature 

6 

6.5 

6 

6.5 

6 

6.5 

3 3 
> > 



5mA < Iq < 1A 

0.5 

0.5 

0.5 

mA 

A Iq 

Quiescent Current 
Change 

Tj = 25 *C, lo - 1A 

VMIN< V|n< Vmax 

0.8 

(7.5 < V|n < 20) 

0.8 

(14.8 < V|N < 27) 

0.8 

(17.9 < V|N < 30) 

mA 

V 


Iq = 500 mA 

1 

0.8 

0.8 

0.8 

mA 



vmin < V| N < Vmax 

(8<V| N <25) 

(15 < V|N< 30) 

(1 7.9 < V|n < 30) 

V 

v n 

Output Noise Voltage 

T A = 25‘C, 10 Hz< f « 100 kHz 

40 1 

75 

90 

mV 



Tj = 25°C, f 

= 120 Hz, Iq = 1 A or 

68 80 

61 72 

60 70 

dB 

AV|n 

AVoUT 


f = 120 Hz, l 0 = 500 mA, 

68 

61 

60 

dB 

: Ripple Rejection 

Over Temperature, 

Vmin < Vin < Vmax 

(8 V|n < 18) 

(15 < Vj N < 25) 

(18.5 < V|N « 28.5) 

V 


Dropout Voltage 

Tj = 25°C, Iq = 1A 

2.0 

2.0 

2.0 

V 


Output Resistance 

f = 1 kHz 


8 

18 

19 

mQ 

R o 

Short-Circuit Current 

Tj = 25 °C 


2.1 

1.5 

1.2 

A 


Peak Output Current 

Tj = 25 °C 


2.4 

2.4 

2.4 

A 


Average TC of Vo 

Min, Tj=0°C, l 0 = 5mA 

-0.6 

-1.5 

-1.8 

mV/*C 

V|N 

Input Voltage 

Required to 

Maintain Line 
Regulation 

Tj = 25 °C 

7.3 

14.5 

17.5 

V 


Note 1: Thermal resistance of the TO-3 package (K, KC) is typically 4 0 C/W junction to case and 35 0 C/W case to ambient. Thermal resistance 
of the TO-220 package (T) is typically 4*C/W junction to case and 50* C/W case to ambient. 

Note 2: All characteristics are measured with a capacitor across the input of 0.22 pF and a capacitor across the output of 0.1 #jF. All 
characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (t w < 10 ms, duty cycle < 5%). Output 
voltage changes due to changes in internal temperature must be taken Into account separately. 
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LM140A/LM140/ 
LM340A/LM340 Series 



LM140A/LM140/ 
LM340A/LM340 Series 


Electrical Characteristics LM140 (Note 2) - 55 °C < Tj < +150°C unless otherwise noted. 


OUTPUT VOLTAGE 

5V 

12V 

15V 


INPUT VOLTAGE (unless otherwise noted) 

10V 

19V 

23V 

UNITS 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 



Output Voltage 

Ti = 25 °C. 5 mA < In < 1 A 

4.8 5 5.2 



■ 

v 0 






Mil 





■■h Him 





ETT v,* 













3 50 

4 120 

4 150 






(7,< V| N « 25) 

(14.5 < V| N < 30) 

(17.5 < V| N < 30) 











-55°C« Tj< + 150°C 

50 

120 

150 


A Vq 

Line Regulation 


A V| N 

(8 < V| N < 20) 

(15 < V| N < 27) 

(18.5 < V| N < 30) 









Tj = 25 °C 

50 

120 

150 

mV 



Iq < 1 A 

A V| N 

(7.3 < V| N < 20) 

(14.6 < V| N < 27) 

(17.7 < V| N < 30) 

V 










-55°C«Tj< + 150°C 

25 

60 

75 

mV 




AV| N 

(8< V )N « 12) 

(16 V| N « 22) 

(20 < V| N < 26) 

V 



Tj = 25 °C 

5 mA < Iq < 1.5A 

10 50 

12 120 

12 150 

mV 

A V 0 

Load Regulation 

250 mA < Ip < 750 mA 

25 

60 

75 

mV 








- 55 °C < Tj'< +150°C, 5 mA < Iq< 1A 

50 

120 

150 

mV 

IQ 

Quiescent Current 

Iq < 1A 

Tj = 25 °C 

6 

6 

6 

mA 


-55°C< Tj < + 150 °C 

7 

7 

7 

mA 



5 mA < Iq < 1 A 

0.5 

0.5 

0.5 

mA 

AIq 

Quiescent Current 

Tj = 25 “C, l 0 < 1 A 

0.8 

0.8 

0.8 

mA 

Change 

VMIN< V|n < Vmax 

(8 < V| N < 20) 

(15 < V| N < 27) 

(18.5 < V| N < 30 

V 



Iq < 500 mA, 

- 55°C Tj < + 150°C 

0.8 

0.8 

0.8 

mA 



Vmin < Vim < v MA x 

(8 < V|n < 25) 

(15 < V| N < 30) 

(18.5 < V|N « 30) 

V 

Vn 

Output Noise Voltage 

Ta = 25°C, 10 Hz< f « 100 kHz 

40 

75 

90 

mV 




IO< 1A, Tj = 25°C or 

68 80 

61 72 

60 70 

dB 

AV|n 

: Ripple Rejection 

f = 120 Hz 

lO < 500 mA, 

68 

61 

60 

dB 

AVquT 


-55°< Tj< +150°C 






Vmin < v !N < Vmax 

(8< V|N < 18) 

(15 < V| N < 25) 

(18.5 < V|N< 28.5) 

V 


Dropout Voltage 

Tj = 25 °C, Iqut = 1 A 

2.0 

2.0 

2.0 

V 


Output Resistance 

f = 1 kHz 


8 

18 

19 

mQ 

r O 

Short-Circuit Current 

Tj = 25 °C 


2.1 

1.5 

1.2 

A 

Peak Output Current 

Tj = 25 °C 


2.4 

2.4 

2.4 

A 


Average TC of VouT 

0°C< Tj< +150°C, l 0 = 5mA 

-0.6 

-1.5 

-1.8 

mV/ °C 


Input Voltage 

. 






V|N 

Required to Maintain 

Tj = 25 ®C, l 0 < 1 A 

7.3 

14.6 

17.7 

V 


Line Regulation 








Note 2: All characteristics are measured with a capacitor across the input of 0.22 pF and a capacitor across the output of 0.1 pF. All 
characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (t w < 10 ms, duty cycle < 5%). Output 
voltage changes due to changes in internal temperature must be taken into account separately. 
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Electrical Characteristics LM340 (Note 2) o°c < ti < + 125 °c unless otherwise noted. 


OUTPUT VOLTAGE 

5V 

12V 

15V 


INPUT VOLTAGE (unless otherwise noted) 

10V 

19V 

23V 

UNITS 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 



Tj = 25°C, 5mA< Iq < 1A 

4.8 5 5.2 

11.5 12 12.5 

14.4 15 15.6 

V 

Vq Output Voltage 

Pq < 15W, 5 mA < lo < 1A 

4.75 5.25 

11.4 12.6 

14.25 15.75 

V 


V MIN < Vin < V M AX 

(7 « Vj N < 20) 

(14.5 < Vim < 27) 

(17.5 < V|m < 30) 

V 



Tj = 25 °C 

3 50 

4 120 

4 150 

mV 


Iq = 500 mA 

AV| N 

(7< V, N < 25) 

(14.5 < V|m < 30) 

(17.5 V|M < 30) 

V 


0°C < Tj < + 125 °C 

50 

120 

150 

mV 

AVo Line Regulation 


AV| N 

(8< V| N < 20) 

(15 < V| N < 27) 

(18.5 ^ V|M < 30) 

V 


Tj = 25 °C 

50 

120 

150 

mV 


l 0 < 1 A 

AV| N 

(7.3 < V| N < 20) 

(14.6 < V|m < 27) 

(17.7 < V|m < 30) 

V 


0°C< Tj < + 125°C 

25 

60 

75 

mV 



AV| N 

(8« V| N < 12) 

CM 

CM 

V/ 

z 

> 

V/ 

CD 

(20 < V|m < 26) 

V 


Tj = 25 °C 

5 mA <5 Iq < 1.5 A 

10 50 

12 120 

12 150 

mV 

AVq Load Regulation 

250 mA < Iq < 750 mA 

25 

60 

75 

mV 


5 mA < Iq < 1A, 0°C < Tj « +125 °C 

50 

120 

150 

mV 

Iq Quiescent Current 

l 0 < 1 A 

Tj = 25 °C 

8 

8 

8 

mA 

0°C < Tj < +125 °C 

8.5 

8.5 

8.5 

mA 


5 mA < Iq < 1A 

0.5 

0.5 

0.5 

mA 

Quiescent Current 

Tj = 25 °C, Iq 

1 A 

1.0 

1.0 

1.0 

mA 

AIq Change 

V MIN < V|N < V M AX 

(7.5 < V| N ^ 20) 

(14.8 < V| N < 27) 

(17.9 V|m < 30) 

V 

Iq < 500 mA, 

0°C< Tj « +125 °C 

1.0 

1.0 

1.0 

mA 


V MIN < Vin < VMAX 

(7 < V| N < 25) 

(14.5 < V|m < 30) 

(17.5 < V|m < 30) 

V 

Vfsl Output Noise Voltage 

T A = 25 °C, 10 Hz f < 100 kHz 

40 

75 

90 

M V 



Iq < 1 A, Tj = 25 °C or 

62 80 

55 72 

54 70 

dB 

aVout Ripple Re i ection 

f = 120 Hz 

Iq < 500 mA, 

. 0°C< Tj< +125°C 

62 

55 

54 

dB 


V MIN < Vin < VmaX 

(8< V| N < 18) 

(15 < V| N -< 25) 

(18.5 < V|M < 28.5) 

V 

Dropout Voltage 

Tj = 25 °C, Iqut = 1A 

2.0 

2.0 

2.0 

V 

Output Resistance 

f = 1 kHz 


8 

18 

19 

mQ 

Rq Short-Circuit Current 

Tj = 25 °C 


2.1 

1.5 

1.2 

A 

Peak Output Current 

Tj = 25 °C 


2.4 

2.4 

2.4 

A 

Average TC of Vqut 

0°C< Tj < +125 °C, l 0 = 5 mA 

-0.6 

-1.5 

-1.8 

mV/°C 

Input Voltage 






■ ■ 

V|n Required to Maintain 

Tj = 25 °C, l 0 

< 1 A 

7.3 

14.6 

17.7 

1 ■ 

Line Regulation 






■ ■ 


Note 2: All characteristics are measured with a capacitor across the input of 0.22 n? and a capacitor across the output of 0.1 ^F. All 
characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (t w < 10 ms, duty cycle < 5%). Output 
voltage changes due to changes in internal temperature must be taken into account separately. 
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LM140A/LM140/ 
LM340A/LM340 Series 


LM140A/LM140/ 
LM340A/LM340 Series 


Typical Performance Characteristics 


Maximum Average Power 
Dissipation 



-75 -SO -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (°C) 


Maximum Average Power 
Dissipation 



0 25 50 75 

AMBIENT TEMPERATURE (°C) 



0 5 10 15 20 25 30 35 

INPUT TO OUTPUT DIFFERENTIAL (V) 


Output Voltage (Normalized 
to IV at Tj - 2B°C) 



-75 -50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) 

Note. Shaded area refers to LM340A/LM340 


Ripple Rejection 



10 100 Ik 10k 100k 


FREQUENCY (Hi) 


Ripple Rejection 



















* , 








f = 120 Hi 
— v IN" v 0UT 
•OUT = ’ A 

Tj « 25 C 
1 

8 Vqq + 3.5 Vrms 

1 1 


0 5 10 15 20 25 

OUTPUT VOLTAGE (V) 


Output Impedance 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hi) 


Dropout Voltage 



-75 -50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 

Note. Shaded area refers to LM340A/LM340 


Dropout Characteristics 


LM140K-5.0 







T i 

= 2: 

C 

, 











UT 

0A 

\_l 










r 








A 

t 


p = i 

00 r 

nA- 




A 

t 


1 



J 

t 


'OUT" 

1 

1A 







j 

t 


_ 

_ 

_ 




0 2 4 6 8 10 

INPUT VOLTAGE (V) 



-75 -50 -25 0 25 50 75 100 125 150 
JUNCTION TEMPERATURE (°C) , 

Note. Shaded area refers to LM340A/LM340 



5 10 15 20 25 30 35 

INPUT VOLTAGE (V) 
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OUTPUT VOLTAGE DEVIATION (V) 
(5 mV/DIV) 



LM140A/LM140/ 
LM340A/LM340 Series 






LM140A/LM140/ 
LM340A/LM340 Series 


Application Hints 

The LM340 is designed with thermal protection, output 
short-circuit protection and output transistor safe area 
protection. However, as with any 1C regulator, it becomes 
necessary to take precautions to assure that the regulator 
is not inadvertently damaged. The following describes 
possible misapplications and methods to prevent damage 
to the regulator. 

Shorting the Regulator Input: When using large capaci- 
tors at the output of these regulators, a protection diode 
connected input to output (Figure 1) may be required if 
the input is shorted to ground. Without the protection 
diode, an input short will cause the input to rapidly 
approach ground potential, while the output remains 
near the initial VquT because of the stored charge in 
the large output capacitor. The capacitor will then 
discharge through a large internal input to output 
diode and parasitic transistors. If the energy released 
by the capacitor is large enough, this diode, low current 
metal and the regulator will be destroyed. The fast 
diode in Figure 1 will shunt most of the capacitor's 
discharge current around the regulator. Generally no 
protection diode is required for values of output capac- 
itance < 10juF. 


Raising the Output Voltage above the Input Voltage: 
Since the output of the LM340 does not sink current, 
forcing the output high can cause damage to internal 
low current paths in a. manner similar to that just 
described in the "Shorting the Regulator Input" section. 

Regulator Floating Ground (Figure 2): When the ground 
pin alone becomes disconnected, the output approaches 
the unregulated input, causing possible damage to other 
circuits Connected to VoilT- If ground is reconnected 
with power "ON", damage may also occur to the regula- 
tor. This fault is most likely to occur when plugging in 
regulators or modules with on card regulators into 
powered up sockets. Power should be turned off first, 
thermal limit ceases operating, or ground should be 
connected first if power must be left on. 

Transient Voltages: If transients exceed the maximum 
rated input voltage of the 340, or reach more than 0.8V 
below ground and have sufficient energy, they will 
damage the' regulator. The solution is to use a large 
input capacitor, a series input breakdown diode, a choke, 
a transient suppressor or a combination of these. 



FIGURE 1. Input Short 


FIGURE 2. Regulator Floating Ground 





FIGURE 3. Transients 
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Connection Diagrams 


TO-3 Metal Can Package (K and KC) 


TO-220 Power Package (T) 



Steel Package Order Numbers: 


Plastic Package Order Numbers: 


LM140AK-5.0 

LM140AK-12 

LM140AK-15 


LM140K-5.0 

LM140K-12 

LM140K-15 


LM340AK-5.0 

LM340AK-12 

LM340AK-15 


LM340K-5.0 

LM340K-12 

LM340K-15 


LM340AT -5.0 LM340T-5.0 

LM340AT -12 LM340T-12 
LM340AT -15 LM340T-15 


See Package K02A 


See Package T03B 


Aluminum Package Order Numbers: 

LM340KC-5.0 

LM340KC-12 

LM340KC-15 

See Package KC02A 
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LM140A/LM140/ 
LM340A/LM340 Series 



LM140L/LM340L Series 


5 


Voltage Regulators 


National 
Semiconductor 
LM140L/LM340L Series 3-Terminal Positive Regulators 


General Description 

The LM140L series of three terminal positive regulators 
is available with several fixed output voltages making 
them useful in a wide range of applications. The 
LM140LA is an improved version of the LM78LXX 
series with a tighter output voltage tolerance (specified 
over the full military temperature range), higher ripple 
rejection, better regulation and lower quiescent current. 
The LM140LA regulators have ±2% Vqut specification, 
0.04%/V line regulation, and 0.01%/mA load regulation. 
When used as a zener diode/resistor combination replace- 
ment, the LM140LA usually results in an effective output 
impedance improvement of two orders of magnitude, 
and lower quiescent current. These regulators can 
provide local on card regulation, eliminating the distribu- 
tion problems associated with single point regulation. 
The voltages available allow the LM140LA to be used in 
logic systems, instrumentation, Hi-Fi, and other solid 
state electronic equipment. Although designed primarily 
as fixed voltage regulators, these devices can be used 
with external components to obtain adjustable voltages 
and currents. 

The LM140LA/LM340LA are available in the low pro- 
file metal three lead TO-39 (H) and the LM340LA are 
also available in the plastic TO-92 (Z). With adequate 
heat sinking the regulator can deliver 100 mA output 
current. Current limiting is included to limit the peak 
output current to a safe value. Safe area protection for 
the output transistor is provided to limit internal power 
dissipation. If internal power dissipation becomes too 


high for the heat sinking provided, the thermal shut- 
down circuit takes over, preventing the 1C from over- 
heating. 

For applications requiring other voltages, see LM117 
Data Sheet. 

Features 

■ Line regulation of 0.04%/V 

■ Load regulation of 0.01%/mA 

■ Output voltage tolerances of ±2% at Tj = 25°C and 
±4% over the temperature range (LM140LA) 

±3% over the temperature range (LM340LA) 

■ Output current of 100 mA 

■ Internal thermal overload protection 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in metal TO-39 lovv profile package 
(LM140LA/LM340LA) and plastic TO-92 (LM340LA) 


Output Voltage Options 


LM140LA-5.0 

5V 

LM340 LA-5.0 

5V 

LM140LA-12 

12V 

LM340LA-12 

12V 

LM140LA-15 

15V 

LM340LA-15 

15V 


Equivalent Circuit 


Connection Diagrams 



TO-39 Metal Can Package (H) 



BOTTOM VIEW 


Order Number: 

LM140LAH-5.0 LM340LAH-5.0 

LM140LAH-12 LM340LAH-12 

LM140LAH-15 LM340LAH-15 

See Package H03A 


TO-92 Plastic Package (Z) 



BOTTOM VIEW 


Order Number: 
LM340LAZ-5.0 
LM340LAZ-12 
LM340LAZ-15 
See Package Z03A 
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Absolute Maximum Ratings 

Input Voltage 

5.0V, 12V, 15V Output Voltage Options 35V 
Internal Power Dissipation (Note 1) Internally Limited 
Operating Temperature Range 

LM140LA - 55 °C to + 125°C 

LM340LA 0°C to 70 °C 

Maximum Junction Temperature + 1 50 °C 

Storage Temperature Range 

Metal Can (H package) -65 °C to +1 50 °C 

Molded TO-92 - 55 0 to + 1 50 °C 

Lead Temperature (Soldering, 10 seconds) +300°C 


Electrical Characteristics (Note 2) 

Test conditions unless otherwise specified 
T/y = -55°C to + 125°C (LM140LA) 

Ta = 0°C to + 70 °C (LM340LA) 
lO = 40 m A 

C|N = 0.33mF, Cq = 0.01/xF 


OUTPUT VOLTAGE OPTION 

5.0V 

12V 

15V 

UNITS 

INPUT VOLTAGE (unless otherwise noted) 

10V 

19V 

23V 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

v 0 

Output Voltage 

Tj = 25°C 

4.9 5 5.1 

11.75 12 12.25 

14.7 15 15.3 

V 

Output Voltage 

Over Temp. 

(Note 4) 

LM140LA l 0 = 1-100 mA 

LM240LA l 0 = 1-40 mA and 

V| N =( )V 

4.8 5.2 

11.5 12.5 

14.4 15.6 

(7.2-20) 

(14.5-27) 

(17.6-30) 

Iq = 1-100 mA or 
LM340LA Iq = 1-40 mA and 

V|N=< )V 

4.85 5.15 

11.65 12.35 

14.55. 15.45 

(7-20) 

(14.3-27) 

(17.5-30) 

AV 0 

Line Regulation 

Tj = 25 °C 

10 = 40 mA 

V| N = ( )V 

18 30 

30 65 

37 70 

mV 

(7-25) 

(14.2-30) 

(17.3-30) 

Iq = 100 mA 

V| N =( )V 

18 30 

30 65 

37 70 

(7.5-25) 

(14.5-30) 

(17.5-30) 

Load Regulation 

Tj = 25 *C lo- 1_4 0niA 

iO = 1-100 mA 

5 20 

10 40 

12 50 

20 40 

30 80 

35 100 

Long Term 

Stability 


12 

24 

30 

mV 
1000 hrs 

•o 

Quiescent 

Current ' 

Tj = 25°C 

Tj = 125 °C 

3 4.5 

3 4.5 

3.1 4.5 

mA 

4.2 

4.2 

4.2 

AIq 

Quiescent 

Current Change 

Tj = 25 °C 

ALoad Iq = 1-40mA 

■ 

0.1 

0.1 

0.1 

mA 

ALine 

V !N =( )V 

0.5 

0.5 

0.5 

(7.5-25) 

(14.3-30) 

(17.5-30) 

v n 

Output Noise 

Voltage 

Tj ss 25 # C (Note 3) 
f = 10 Hz-10 kHz 

40 

80 

90 

mV 

AV|n Ripple Rejection 

f = 120 Hz. V| N = ( )V 

55 62 

47 54 

45 52 

dB 

avout 

(7.5-18) 

(14.5-25) 

(17.5-28.5) 

Input Voltage 
Required to 

Maintain Line 
Regulation 

Tj = 25°C, Iq = 40 mA 

7 

14.2 

17.3 

V 


Note 1: Thermal resistance of the Metal Can Package (H) without a heat sink Is 40*C/W junction to case and 140 'C/W junction to ambient. 
Thermal resistance of the TO-92 package is 180°C/W junction to ambient with 0.4 Inch leads from PC board and 160*C/W junction to 
ambient with 0.125 inch lead length to a PC board. 

Note 2: The maximum steady state usable output current and input voltage are very dependent on the heat sinking and/or lead length of the 
package. The data above represent pulse test conditions with junction temperatures as indicated at the initiation of tests. 

Note 3: It is recommended that a minimum load capacitor of O.OImF be used to limit the high frequency noise bandwidth. 

Note 4: The temperature coefficient of Vout is typically within 0.01%Vo/*C. 

— 
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LM140L/LM340L Series 


Typical Performance Characteristics 


Maximum Average Power 
Dissipation 



-75 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE ( J C) 


Maximum Average Power Dissipation 
(Metal Can Package) 



0 15 30 . 45 BO 75 

AMBIENT TEMPERATURE (°C) 


Maximum Average Power 
Dissipation (Plastic Package) 




0 5 10 15 20 25 30 

INPUT-OUTPUT DIFFERENTIAL (V) 


Dropout Voltage 



-75 -50 -25 0 25 50 75 100 125 


JUNCTION TEMPERATURE (°C) 


Output Impedance 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Ripple Rejection 
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FREQUENCY (Hz) 


INPUT VOLTAGE (V) 


JUNCTION TEMPERATURE ( C) 


Typical Applications 



5V/R1 3 l Q load regulation (L.) - l(R1 ♦ R2I/R1I (l, ol LM14QLA-S 0) 



Fixed Output Regulator 


Adjustable Output Regulator 
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National 
Semiconductor 

LM145/LM345 Negative Three Amp Regulator 


Voltage Regulators 


General Description 

The LM145 is a three-terminal negative regulator with a 
fixed output voltage of -5V or -5.2V, and up to 3A load 
current capability. This device needs only one external 
component~a compensation capacitor at the output, 
making it easy to apply. Worst case guarantees on output 
voltage deviation due to any combination of line, load 
or temperature variation assure satisfactory system 
operation. 

Exceptional effort has been made to make the LM145 
immune to overload conditions. The regulator has cur- 
rent limiting which js independent of temperature, 
combined with thermal overload protection. Internal 
current limiting protects against momentary faults while 
thermal shutdown prevents junction temperatures from 
exceeding safe limits during prolonged overloads. 

Although primarily intended for fixed output voltage 
applications, the LM145 may be programmed for higher 


output voltages with a simple resistive divider. The low 
quiescent drain current of the device allows this tech- 
nique to be used with good regulation. 

The LM145 comes in a hermetic TO-3 package rated at 
25W. A reduced temperature range part LM345 is also 
available. 

Features 

■ Output voltage accurate to better than ±2% 

■ Current limit constant with temperature 

■ Internal thermal shutdown protection 

■ Operates with input-output voltage differential of 2.8V 
at full rated load over full temperature range 

■ Regulation guaranteed with 25W power dissipation 

■ 3A output current guaranteed 

■ Only one external component needed 

■ 100% electrical burn-in 


Schematic Diagram 




BOTTOM VIEW 


INPUT 

(CASE) 


Order Number LM145K-5.0, 
LM345K-5.0, LM145K-5.2, 
or LM345K-5.2 
See NS Package K02A 


1 -lie. 


p- 2 2„F | 

h ' 1 


LM145 



+• C2t 
” 4 7^F 

- SOHO TANTALUM 


^Required for stability. For value given, capacitor must be solid tantalum. 50,uF 
aluminum electiolytic may be substituted. Values given may be increased with 
out limit. 

•Reqiured if regulator is separated fiom filter capacitoi. For value given, 
capacitor must be solid tantalum. 50nF aluminum electiolytic may be 
substituted 


Fixed Regulator 



1-87 


LM145/LM345 




LM145/LM345 


Absolute Maximum Ratings 


Input Voltage 

20V 

Input-Output Differential 

20V 

Power Dissipation 

Internally Limited 

Operating Junction Temperature Range 


LM145 

-55° C to +150°C 

LM345 

0°C to +125°C 

Storage Temperature Range 

-65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 

300°C 


Electrical Characteristics t- 5 v & -5.2V) (Note 1 » 




LIMITS | 


PARAMETER 

CONDITIONS 

LM145 

| LM345 | 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Output Voltage 

Tj = 25 C, Iout = 5 m A, 








5.0V 

V,n=-7.5 

-5.1 

-5.0 

-4.9 

-5.2 

-5.0 

-4.8 

V 

5.2V 


-5.3 

-5.2 

-5.1 

-5.4 

-5.2 

-5.0 

V 

Line Regulation (Note 2) 

Tj = 25°C 

-20V < V IN < -7.5V 


5 

15 


5 

25 

mV 

Load Regulation (Note 2) 

T, = 25 U C, V, N = -7.5V 

5 mA < l OUT < 3A 


. 30 

75 


30 

100 

mV 

Output Voltage 

20V < V 1 cm < -7.8V 








5.0V 

5 mA ^ Iout ^ 3 A 

-5.20 


-4.80 

-5.25 


-4.75 

V 

5.2V 

P < 25W 

-5.40 


-5.00 

-5.45 


-4.95 

V 


Tjviin < Tj < T MA x 








Quiescent Current 

-20 V < V, N < -7.5V 

5 mA ^ Iout ^ 3A 

' 

1.0 

3.0 


1.0 

3.0 

mA 

Short Circuit Current 

V, N = -7.5V, Tj = +25° C 


4 

5.5 


4 

5.5 

A 


V 1N =-20V, Tj =+25°C 


2 

3.5 


2 

3.5 

A 

Output Noise Voltage 

T a = 25° C, C L = 4.7pF 
10Hz<f< 100 kHz 


150 



150 


MV 

Long Term Stability 



5 

50 


5 

50 

mV 

Thermal Resistance 

Junction to Case 



2 



2 


°C/W 


Note 1: Unless otherwise specified, these specifications apply: -55°C<Tj<+150°C for the LM145 and 0°C<Tj<+125°C for the LM345. V|n = 7.5V and 
*OUT = 5mA. Although power dissipation is internally limited, electrical specifications apply only for power levels up to 25W. For calculations of junction 
temperature rise due to power dissipation, use a thermal resistance of 35*C/W for the TO-3 with no heat sink. With a heat sink, use 2°C/W for junction to case 
thermal resistance. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account 
separately. To ensure constant junction temperature, pulse testing with a low duty cycle is used. 
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Typical Performance Characteristics 


Maximum Average Power 
Dissipation for LM145, 


Maximum Average Power 
Dissipation for LM345 



25 50 75 100 125 

T A - AMBIENT TEMPERATURE (C) 



25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 



100 Ik 10k 100k 1M 10M 

f- FREQUENCY (Hz) 



10 100 Ik 10k 100k 1M 10M 

f- FREQUENCY (Hz) 


Minimum Input-Output 



1 2 3 


OUTPUT CURRENT (AMPS) 


Output Voltage vs 
Temperature 


-5.4 
-5.3 
_ -5.2 
“ -5.1 
< -5.0 


-4.7 

-4.6 

-4.4 

-4.2 




















-sj 



' 1 








' 



























1 

rHEi 

3MA 

L 







SHUTDOWN | 
































0 50 100 150 

T- TEMPERATURE ( C) 


Typical Applications (Continued) 



'Select resistors to set output voltage. 1 ppin/ C 
tracking suggested 

**C1 is not needed if powei supply filter capacitor is within 3" of regulator, 
t Determines zener current May he adjusted to 
minimize temperature drift. 

I^Solid tantalum 

Load and line regulation ^ 0.01% 

Tempeiature drift < 0.001%/ C 


5V <_ V* _ 25V 
(UNREGULATED! 
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s 


National 

Semiconductor 


LM150/LM250/LM350 
3 Amp Adjustable Power Regulators 


Voltage Regulators 


General Description 

The LM150/LM250/LM350 are adjustable 3-terminal 
positive voltage regulators capable of supplying in excess 
of 3A over a 1.2V to 33V output range. They are 
exceptionally easy to use and require only 2 external 
resistors to set the output voltage. Further, both line 
and load regulation are comparable to discrete designs. 
Also, the LM150 is packaged in standard transistor 
packages which are easily mounted and handled. 

In addition to higher performance than fixed regulators, 
the LM150 series offers full overload protection available 
only in IC's. Included on the chip are current limit, 
thermal overload protection and safe area protection. 
All overload protection circuitry remains fully functional 
even if the adjustment terminal is accidentally discon- 
nected. 

Features 

■ Adjustable output down to 1.2V 
o Guaranteed 3A output current 

■ Line regulation typically 0.005%/V 

■ Load regulation typically 0.1% 

“ Guaranteed thermal regulation 

a Current limit constant with temperature 
a 100% electrical burn-in in thermal limit 

■ Eliminates the need to stock many voltages 

■ Standard 3-lead transistor package ^ 
n 86 dB ripple rejection 


Normally, no capacitors are needed unless the device is 
situated far from the input filter capacitors in which 
case an input bypass is needed. An optional output 
capacitor can be added to improve transient response. 
The adjustment terminal can be bypassed to achieve 
very high ripple rejections ratios which are difficult 
to achieve with standard 3- terminal regulators. 

Besides replacing fixed regulators or discrete designs, 
the LM150 is useful in a wide variety of other applica- 
tions. Since the regulator is "floating" and sees only the 
input-to-output differential voltage, supplies of several 
hundred volts can be regulated as long as the maximum 
input to output differential is not exceeded. 

Also, it makes an especially simple adjustable switching 
regulator, a programmable output regulator,, or by 
connecting a fixed resistor between the adjustment and 
output, the LM150 can be used as a precision current 
regulator. Supplies with electronic shutdown can be 
achieved by clamping the adjustment terminal to ground 
which programs the output to 1.2V where most loads 
draw little current. 

The LM150K/LM250K/LM350K are packaged in stand- 
ard steel TO-3 transistor packages. The LM350T is pack- 
aged in a TO-220 plastic package. The LM150 is rated 
for operation from -55°C to +150°C, the LM250 from 
-25°C to +150°C and the LM350 from 0°C to +125°C. 


Typical Applications 

1.2V— 25V Adjustable Regulator 6A Regulator 


Regulator and Voltage 
Reference 


-V0UT n 


1‘Optional— improves transient response. 
Output capacitors in the range of 1 mF 
to 1000 juF of aluminum or tantalum 
electrolytic are commonly used to 
provide improved output impedance 
and rejection of transients. 

^Needed if device is far from filter 
capacitors. 

/ R2^ 

t+v OUT = 1.25V 1 ‘ 


(■*£) 



LM150 



Note. Usually R1 = 240 ft for 
LM 150 and LM250 and 
R1 = 120ft for LM350. 
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LM150/LM250/LM350 


Absolute Maximum Ratings Preconditioning 

Power Dissipation Internally limited Burn-In in Thermal Limit All Devices 100% 

Input— Output Voltage Differential 35V 

Operating Junction Temperature Range 

LM150 -55° C to +150°C 

LM250 -25° C to +150°C 

LM350 0°C to +125°C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note 1) 


PARAMETER 

CONDITIONS 

LM150/LM250 

LM350 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Line Regulation 

T A = 25° C, 3V < Vin - VoUT < 35V, 
(Note 2) 


0.005 

0.01 


0.005 

0.03 

%/V 

Load Regulation 

T A = 25° C, 10 mA < l 0 UT < 3A 
v OUT < 5V, (Note 2) 


5 

15 


5 

25 

mV 


VOUT > 5V, (Note 2) 


0.1 

0.3 


0.1 

0.5 

% 

Thermal Regulation . 

Pulse = 20 ms 


0.002 

0.01 


0.002 

0.03 

%/W 

Adjustment Pin Current 



50 

100 


50 

100 

TiA 

Adjustment Pin Current Change 

10mA<lL<3A 

3V<(Vj N -V 0 UT)<35V 


0.2 

5 


0.2 

5 

(iA 

Reference Voltage 

3 < (V|N - VoUT> < 35V, (Note 3) 

10 mA < loUT < 3A, P < 30W 

1.20 

1.25 

1.30 

1.20 

1.25 

1.30 

V 

Line Regulation 

3V < V|N - VoUT < 35V, (Note 2) 


0.02 

0.05 


0.02 

0.07 

%/V 

Load Regulation 

10 mA < loUT < 3A, (Note 2) 

v OUT< 5V 


20 

50 


20 

70 

mV 


V 0 UT>5V 


0.3 

1 


0.3 

1.5 

% 

Temperature Stability 

TMIN<Tj<TMAX 


1 



1 


% 

Minimum Load Current 

V|N-V 0 UT = 35V 


3.5 

5 


3.5 

10 

mA 

Current Limit 

V|N - VoUT< 10V 

3.0 

4.5 


3.0 

4.5 


A 


V|N - VoUT = 30V, Tj = +25°C 

0.3 

1 


0.25 

1 


A 

RMS Output Noise, % of VquT 

T A = 25° C, 10 Hz <f< 10 kHz 


0.001 



0.001 


% 

Ripple Rejection Ratio 

VoUT= 10V, f* 120 Hz 


65 



65 


dB 


Cadj = ioaif 

66 

86 


66 

86 


dB 

Long Term Stability 

T A = 125°C 


0.3 

1 


0.3 

1 

% 

Thermal Resistance, Junction 

K Package 



1.5 



1.5 

°C/W 

to Case 

T Package 


3 

4 


3 

4 

°c/w 


Note 1: Unless otherwise specified, these specifications apply — 55° C < Tj < +150°C for the LM150, -25° C < Tj < +150°C for the LM250 and 
0°C < Tj < +125°C for the LM350. Vjn - VquT = 5V and loUT = 1.5A. These specifications are applicable for power dissipations up to 30W 
for the K package and 25W for the T package. Power dissipation is guaranteed at these values up to 15 volts input-output differential. Above 
15 volts differential, power dissipation will be limited by internal protection circuitry. 

Note 2: Regulation is measured at constant junction temperature. Changes in output voltage due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 

Note 3: Selected devices with tightened tolerance reference voltage available. 

Connection Diagrams 


(TO-3 STEEL) (TO-220) 

Metal Can Package Plastic Package 


Order Number LM150K Steel, 
LM250K Steel or LM350K Steel 
See NS Package K02A 



Order Number LM350T 
See NS Package T03B 



VlN 

VOUT 

ADJ 
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OUTPUT IMPEDANCE (n) RIPPLE REJECTION (dB) INPUT-OUTPUT DIFFERENTIAL (V) OUTPUT VOLTAGE DEVIATION (%) 
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LM150/LM250/LM350 


Application Hints 

In operation, the LM150 develops a nominal 1.25V 
reference voltage, Vref, between the output and 
adjustment terminal. The reference voltage is impressed 
across program resistor R1 and, since the voltage is con- 
stant, a constant current h then flows through the 
output set resistor R2, giving an output voltage of 

VOUT = V ref (l + ^ +IaDJ r2 - 


LM150 



FIGURE 1 


Since the 50 ju A current from the adjustment terminal 
represents an error term, the LM150 was designed to 
minimize IaDJ and make it very constant with line 
and load changes. To do this, all quiescent operating 
current is returned to the output establishing a mini- 
mum load current requirement. If there is insufficient 
load on the output, the output will rise. 

External Capacitors 

An input bypass capacitor is recommended. A 0.1 fiF 
disc or 1 nF solid tantalum on the input is suitable input 
bypassing for almost all applications. The device is more 
sensitive to the absence of input bypassing when adjust- 
ment or output capacitors are used but the above values 
will eliminate the possibility of problems. 

The adjustment terminal can be bypassed to ground on 
the LM150 to improve ripple rejection. This bypass 
capacitor prevents ripple from being amplified as the 
output voltage is increased. With a 10 /jlF bypass capac- 
itor 86 dB ripple rejection is obtainable at any output 
level. Increases over 10 /iF do not appreciably improve 
the ripple rejection at frequencies above 120 Hz. If the 
bypass capacitor is used, it is sometimes necessary to 
include protection diodes to prevent the capacitor 
from discharging through internal low current paths 
and damaging the device. 

In general, the best type of capacitors to use are solid 
tantalum. Solid tantalum capacitors have low impedance 
even at high frequencies. Depending upon capacitor 
construction, it takes about 25 juF in aluminum electro- 
lytic to equal 1 pF solid tantalum at high frequencies. 
Ceramic capacitors are also good at high frequencies, 
but some types have a large decrease in capacitance at 
frequencies around 0.5 MHz. For this reason, 0.01 fiF 
disc may seem to work betted than a 0.1 /iF disc as 
a bypass. 


Although the LM150 is stable with no output capacitors, 
like any feedback circuit, certain values of external 
capacitance can cause excessive ringing. This occurs 
with- values between 500 pF and 5000 pF. A 1 nF 
solid tantalum (or 25 fiF aluminum electrolytic) on the 
output swamps this effect and insures stability. 

Load Regulation 

The LM150 is capable of providing extremely good load 
regulation but a few precautions are needed to obtain 
maximum performance. The current set resistor con- 
nected between the adjustment terminal and the output 
terminal (usually 2400) should be tied directly to the 
output of the regulator rather than near the load. This 
eliminates line drops from appearing effectively in series 
with the reference and degrading regulation. For exam- 
ple, a 15V regulator with 0.050 resistance between the 
regulator and load will have a load regulation due to 
line resistance of 0.050 x 1 1 _. If the set resistor is con- 
nected near the load the effective line resistance will be 
0.050 (1 + R2/R1) or in this case, 11.5 times worse. 

Figure 2 shows the effect of resistance between the regu- 
lator and 2400 set resistor. 


LM150 



FIGURE 2. Regulator with Line Resistance 
in Output Lead 


With the TO-3 package, it is easy to minimize the resis- 
tance from the case to the set resistor, by using 2 sep- 
arate leads to the case. The ground of R2 can be returned 
near the ground of the load to provide remote ground 
sensing and improve load regulation. 

Protection Diodes 

When external capacitors are used with any 1C regulator 
it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
current points into the regulator. Most 10juF capacitors 
have low enough internal series resistance to deliver 
20A spikes when shorted. Although the surge is short, 
there is enough energy to damage parts of the 1C. 

When an output capacitor is connected to a regulator 
and the input is shorted, the output capacitor will 
discharge into the output of the regulator. The discharge 
current depends 'on the value of the capacitor, the 
output voltage of the regulator, and the rate of decrease 
of V||\|. In the LM150, this discharge path is through 
a large junction that is able to sustain 25A surge with no 
problem. This is not true of other types of positive 
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Application Hints (Continued) 

regulators. For output capacitors of 25 fx F or less, there 
is no need to use diodes. 

The bypass capacitor on the adjustment terminal can 
discharge through a low current junction. Discharge 
occurs when either the input or output is shorted. 
Internal to the LM150 is a 5012 resistor which limits the 
peak discharge current. No protection is needed for 
output voltages of 25V or less and 10/tF capacitance. 
Figure 3 shows an LM150 with protection diodes 
included for use with outputs greater than 25V and 
high values of output capacitance. 


D1 

1N4002 



Schematic Diagram 



Typical Applications (Continued) 


Temperature Controller 


Light Controller 


Precision Power Regulator with 
Low Temperature Coefficient 
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Typical Applications (Continued) 


Slow Turn-ON 15V Regulator 


LM1S0 



Adjustable Regulator with Improved 


Ripple Rejection 

LM150 



'i’Solid tantalum 

^Discharges Cl if output is shorted to ground 


High Stability 10V Regulator 


LM1S0 



Digitally Selected Outputs 

LM150 



5V Logic Regulator with 
Electronic Shutdown* 


LM160 



0 to 30V Regulator 

LM150 



10A Regulator 


LM350 



5A Constant Voltage/Constant Current Regulator 


MJ45Q2 
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Adjustable Current Regulator 


Typical Applications (Continued) 


12V Batterv Charger 



Tracking Preregulator 

1.2V — 20V Regulator with r2 

Minimum Program Current 3A Current Regulator 720 



*Minimum load current « 4 mA 

Adjusting Multiple On-Card Regulators 
with Single Control* 



AC Voltage Regulator 

LM350 



LM35Q 


Simple 12V Battery Charger 



*R$— sets output impedance of charger ZquT = 
Use of R§ allows low charging rates with fully 
charged battery. 

**1000 juF is recommended to filter 
out any input transients. ■ 
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National 


jui Semiconductor 

LM196/LM396 10 Amp Adjustable 
Voltage Regulator 

General Description 


Voltage Regulators 

PRELIMINARY 


The LM196 is a 10 amp regulator, adjustable from 1.25V to 
15V, which uses a revolutionary new 1C fabrication struc- 
ture to combine high power discrete transistor technology 
with modern monolithic linear 1C processing. This combi- 
nation yields a high-performance single-chip regulator 
capable of supplying in excess of 10 amps and operating 
, at power levels up to 70 watts. The LM196 features on-chip 
trimming of reference voltage to ±0.8% and simultaneous 
trimming of reference temperature drift to 30 ppm/°C 
typical. Thermal interaction between control circuitry and 
the pass transistor which affects the output voltage has 
been reduced to extremely low levels by strict attention to 
isothermal layout. This interaction, called thermal regula- 
tion, is 100% tested. 

This new regulator has all the protection features of 
popular lower power adjustable regulators such as LM1 1 7 
and LM138, including current limiting and thermal 
limiting. The combination of these features makes the 
LM196 immune to blowout from output overloads or 
shorts, even if the adjustment pin is accidentally discon- 
nected. All devices are “burned-in” in thermal shutdown to 
guarantee proper operation of these protective features 
under actual overload conditions. 

Output voltage is continuously adjustable from 1.25V to 
15V. Higher output voltages are possible if the maximum 
input/output voltage differential specification is not ex- 
ceeded. Full load current of 10A is available at all output 
voltages, subject only to the maximum power limit of 70W 
and of course, maximum junction temperature. 

The LM196 is exceptionally easy to use. Only two external 
resistors are used to set output voltage. On-chip 
adjustment of the reference voltage allows a much tighter 


specification of output voltage, eliminating any need for 
trimming in most cases. The regulator will tolerate an 
extremely wide range of reactive loads, and does not de- 
pend on external capacitors for frequency stabilization. 
Heat sink requirements are much less stringent, because 
overload situations do not have to be accounted for— only 
worst-case full load conditions. 

The LM196 is in a TO-3 package with oversized (0.060”) 
leads to provide best possible load regulation. Operating 
junction temperature range is -55°C to + 150°C. The 
LM396 is specified for a 0°C to +125°C junction 
temperature range. 

Available in 1982— a 5-terminal version of the LM196. The 
LM196-5 will be able to operate at input-output voltage dif- 
ferentials as low as IV at full load current in addition to 
having output sense capability. This device will also be in a 
TO-3 package. 


Features 

■ Output pre-trimmed to ±0.8% 

■ 10A guaranteed output current 

■ 100% burn-in in thermal limit 

■ 70W maximum power dissipation 

■ Adjustable output— 1.25V to 15V 

■ Internal current and power limiting 

■ Guaranteed thermal resistance 

■ Output voltage guaranteed under worst-case 
conditions 


Typical Applications 



* For best TC of Vout. R1 should be wirewound or metal film, 
1 % or better. 


** R2 should be same type as R1, with TC tracking of 30 ppm/ # C 
or better. 

t Cl is necessary only if main filter capacitor is more than 6” 
away, assuming #18 or larger leads. 
t|C2 is not absolutely necessary, but is suggested to lower high 
frequency output impedance. 

C3 improves ripple rejection, output impedance, and noise. C2 
should be 1 /iF or larger close to the regulator if C3 is used. 

FIGURE 1. Basic 1.25V to 15V Regulator 


Power NPNs have low collector resistance, and do not require 
collector bond wires. Collectors are all common to substrate. 
Standard NPNs are still isolated. 

FIGURE 2. 10 Amp Process 


EB 
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Absolute Maximum Ratings 

Power Dissipation Internally Limited 

Input-Output Voltage Differential 20V 

Operating Junction Temperature Range 

LM196 Control Section - 55°C to + 150°C 

Power Transistor - 55°C to + 200°C 

LM396 Control Section 0°C to + 125°C 

Power Transistor 0°Cto+175°C 

StorageTemperature -65°Cto + 150°C 

Lead Temperature (Soldering, lOseconds) 300°C 

Pre-Conditioning 

100% Burn-In in Thermal Limit 

Electrical Characteristics (Note i> 

Parameter 

Conditions 

LM196 

LM396 

Units 

Min 

Typ 

Max 


Typ 

Mgx 

Reference Voltage 

Iout = 10 mA 

1.24 

1.25 

1.26 

1.23 

1.25 

1.27 


Reference Voltage 

3V<(V IN -V OUT )<20V 

1.22 

1.25 

1.28 

1.21 

1.25 

1.29 

V 

(Note 2) 

10 mA<l 0UT 10A, P<P MAX 









Full Temperature Range 








Line Regulation 

2.5V<(V in - V O ut)<20V 


0.005 



0.005 

Ba 


(Note 3) 

Full Temperature Range 






US 

■ 

Load Regulation 

10 mA<l OU T<10A 

|ggj| 


■g 



0.1 

%/A 

(Note 4) 

3V<V in -V O ut^10V,P<P MA x 









Full Temperature Range 



gj 

1 


0.15 

%/A 

Ripple Rejection 

C A dj = 25 fiF, f = 120 Hz 



| 

E 

74 

mm 

m 

(Note 5) 

Full Temperature Range 

mm 


1 

H 


ibb 

mm 

Thermal Regulation 

V|N - VouT = 5V, Iout = 10A 


0.003 

0.005 


0.003 

0.015 

%I\N 

(Note 6) 









Average Output Voltage 

"^jMIN — 1"j — 1"jMAX 





0.003 


%I°C 

Temperature Coefficient 

(See Curves for Limits) 








Adjustment Pin Current 



50 

100 


50 

100 

I 

Adjustment Pin Current 

10 m A < Iqut< 1 0 A 

■ 


3 

■ 


3 

fa 

Change (Note 7) 

3V<V in -V out '<20V 

■ 

1 V-"-' 


H 

aBB 




P<P MAX , Full Temperature Range 





Bim 



Minimum Load Current 

^.5Vs(V in -V O ut)s20V 



10 



10 

mA 

(Note 9) 

Full Temperature Range 








Current Limit 

3V<(V in -V OU t)^7V 

10 

14 

20 


14 

20 

Mmi 


V,n-V O ut=20V 

■I. 5 

3 

8 


3 

8 

BB 

Rms Output Noise 

10 Hz<f <10 kHz 





0.001 


% Vquj 

Long Term Stability 

Tj= 125°C, t = 1000 Hours 






1.0 

% 

Thermal Resistance 

Control Circuitry 


0.3 

0.5 


0.3 

0.5 

°C/W 

Junction to Case 

Power Transistor 


1.0 

1.2 


1.0 

1.2 

°C/W 

(Note 10) 









Power Dissipation (P MA) J 

7.0V<V| N -V OU t=s12V 

70 

100 


70 

100 


W 

(Note 11) 

V|n~Vout=15V 

50 



.50 



W 


V,n-V 0 ut=18V 

36 



36 



W 

Drop-Out Voltage 

Iqut= 10A 


2.1 

2.5 


2.1 

2.75 

V 

(Note 12) 
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Not* 1: Unless otherwise stated, these specifications apply for Tj = 25*C, Vjn - Vqut = 5V, Iout = 10 mA to 10A. 

Not* 2: This is a worst-case specification which includes all effects due to input voltage, output current, temperature, and power dissipation. Maximum 
power (Pmax) Is specified under Electrical Characteristics. 

Note 3: Line regulation is measured on a short-pulse, low-duty-cycle basis to maintain constant junction temperature. Changes in output voltage due to ther- 
mal gradients or temperature changes must be taken into account separately. See discussion of line regulation under Application Hints. 

Not* 4: Ldad regulation on the 2-pin package is determined primarily by the voltage drop along the output pin. Specifications apply for an external Kelvin 
sense connection at a point on the output pin 1/4" from the bottom of the package. Testing is done on a short-pulse-width, low-duty-cycle basis to maintain 
constant junction temperature. Changes In output voltage due to thermal gradients or temperature changes must be taken Into account separately. See 
discussion of load regulation under Application Hints. 

Note 5: Ripple rejection is measured with the adjustment pin bypassed with a 25 ^F capacitor, and is therefore Independent of output voltage. With no load or 
bypass capacitor, ripple rejection is determined by line regulation and may be calculated from; RR = 20 log 10 [100/(K x V 0UT )j where K is line regulation 
expressed in %/V. At frequencies below 100 Hz, ripple rejection may be limited by thermal effects, if load current Is above 1A. 

Not* 6: Thermal regulation is defined as the change in output voltage during the time period of 0.2 ms to 20 ms after a change in power dissipation in the 
regulator, due to either a change in input voltage or output current. See graphs and discussion of thermal effects under Application Hints. 

Note 7: Adjustment pin current change is specified for the worst-case combination of Input voltage, output current, and power dissipation. Changes due to 
temperature must be taken into account separately. See graph of adjustment pin current vs temperature. 

Not* 8: Current limit is measured 10 ms after a short is applied to the output. DC measurements may differ slightly due to the rapidly changing junction 
temperature, tending to drop slightly as temperature increases. A minimum available load current of 10A is guaranteed over the full temperature range as long 
as power dissipation does not exceed 70W, and V| n - Vqut is less than 7.0V. 

Note 9: Minimum load current of 10 mA is normally satisfied by the resistor divider which sets up output voltage. 

Note 10: Total thermal resistance, junction to ambient, will Include junction to case thermal resistance plus interface resistance and heat sink resistance. 
See discussion of heat sinking under Application Hints. 

Not* 11: Although power dissipation is internally limited, electrical specifications apply only for power dissipation up to the limits shown. Derating with 
temperature is a function of both power transistor temperature and control area temperature, which are specified differently. See discussion of heat sinking 
under Application Hints. For V|n - Vout teas than 7V, power dissipation Is limited by current limit of 10A. 

Not* 12: Dropout voltage is input-output voltage differential measured at a forced reference voltage of 1.15V, with a 10A load, and is a measurement of the 
minimum input/output differential at full load. 


Application Hints 

Heat Sinking 

Because of its extremely high power dissipation capabili- 
ty, the major limitation in the load driving capability of the 
LM196 is heat sinking. Previous regulators such as LM109, 
LM340, LM117, etc., had internal power limiting circuitry 
which limited power dissipation to about 30W. The LM196 
is guaranteed to dissipate up to 70W continuously, as long 
as the maximum junction temperature limit is not exceed- 
ed. This requires careful attention to all sources of thermal 
resistance from junction-to-ambient, including junction- 
to-case resistance, case-to-heat-sink interface resistance 
(0.1-1.0°C/W), and heat sink resistance itself. A good ther- 
mal joint compound such as Wakefield type 120 or Ther- 
malloy Thermacote must be used when mounting the 
LM196, especially if an electrical insulator is used to 
isolate the regulator from the heat sink. Interface 
resistance without this compound will be no better than 
0.5°C/W, and probably much worse. With the compound, 
and no insulator, interface resistance will be 0.2°C/W or 
less, assuming 0.005" or less combined flatness run-out 
of TO-3 and heat sink. Proper torquing of the mounting 
bolts is important to achieve minimum thermal resist- 
ance. Four to six inch pounds Is recommended. Keep in 
mind that good electrical, as well as thermal, contact 
must be made to the case. 

The actual heat sink chosen for the LM196 will be deter- 
mined by the worst-case continuous full load current, 
input voltage and maximum ambient temperature. Over- 
load or short circuit output conditions do not normally 
have to be considered when selecting a heat sink because 
the thermal shutdown built into the LM196 will protect it 
under these conditions. An exception to this is in situa- 
tions where the regulator must recover very quickly from 
overload. The LM196 may take some time to recover to 
within specified output tolerance following an extended 


overload, if the regulator is cooling from thermal shut- 
down temperature (approximately 175°) to specified 
operating temperature (125°C or 150°C). The procedure for 
heat sink selection is as follows: 

Calculate worst-case continuous average power 
dissipation in the regulator from P = (V| N -V 0 ut) x 
(•out)- To do this, you must know the raw power supply 
voltage/current characteristics fairly accurately. For 
example, consider a 10V output with 15V nominal input 
voltage. At full load of 10A, the regulator will dissipate 
p = (15 - 10) x (10) = 50W. If input voltage rises by 10%, 
power dissipation will increase to (16.5- 10) x 
(10)=65W, a 30% increase. It is strongly suggested 
that a raw supply be assembled and tested to deter- 
mine its average DC output voltage under full load with 
maximum line voltage. Do not over-design by using 
unloaded voltage as a worst-case, since the regulator 
will not be dissipating any power under no load condi- 
tions. Worst-case regulator dissipation normally oc- 
curs under full load conditions except when the effec- 
tive DC resistance of the raw supply (AV/Al) is larger 
than (V|n* - V 0 uT)/2lfL, where V| N * is the lightly-loaded 
raw supply voltage and lf L is full load current. For 
(V|n*-V 0 ut) = 5V-8V, and l fL = 5A-10A, this gives a 
resistance of 0.250 to 0.80. If raw supply resistance is 
higher than this, the regulator power dissipation may 
be less at full load current, than at some intermediate 
current, due to the large drop in input voltage. For- 
tunately, most well designed raw supplies have low 
enough output resistance that regulator dissipation 
does maximize at full load current, or very close to it, so 
tedious testing is not usually required to find worst- 
case power dissipation. 
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Application Hints (Continued) 


A very important consideration is the size of the filter ca- 
pacitor in the raw supply. At these high current levels, ca- 
pacitor size is usually dictated by ripple current ratings 
rather than just obtaining a certain ripple voltage. Capac- 
itor ripple current (rms) is 2-3 times the DC output current 
of the filter. If the capacitor has just 0.05ft DC resistance, 
this can cause 30W internal power dissipation at 10A out- 
put current. Capacitor life is very sensitive to operating 
temperature, decreasing by a factor of two for each 15°C 
rise in internal temperature. Since capacitor life is not all 
that great to start with, it is obvious that a small capacitor 
with a large internal temperature rise is inviting very short 
mean-time-to-failure. A second consideration is the loss 
of usable input voltage to the regulator. The LM196 re- 
quires 2V-2.5V minimum input/output voltage differential 
to maintain regulation. If the capacitor is small, the large 
dips in the input voltage may cause the LM196 to drop out 
of regulation. 2000 nF per ampere of load current is the 
minimum recommended value, yielding about 2 Vp-p rip- 
ple of 120 Hz. Larger values will have longer life and the 
reduced ripple will allow lower DC input voltage to the 
regulator, with subsequent cost savings in the trans- 
former and heat sink. Sometimes several capacitors in 
parallel are better to decrease series resistance and in- 
crease heat dissipating area. 


After the raw supply characteristics have been determin- 
ed, and worst-case power dissipation in the LM196 is 
known, the heat sink thermal resistance can be found 
from the graphs titled Maximum Heat Sink Thermal Resis- 
tance (page 7). These curves indicate the minimum size 
heat sink required as a function of ambient temperature. 
They are derived from a case-to-control-area thermal 
resistance of 0.5°C/W and a case-to-power transistor ther- 
mal resistance of 1.2°C/W. 0.2°C/W is assumed for inter- 
face resistance. A maximum control area temperature of. 
150°C is used for the LM196and 125°C for the LM396. Max- 
imum power transistor temperature is 200°C for the 
LM196 and 175°C forthe LM396. For conservative designs, 
it is suggested that when using these curves, you assume 
an ambient temperature 25°C-50°C higherthan is actually 
anticipated, to avoid running the regulator right at its 
design limits of operating temperature. 


A quick look at the curves shows that heat sink resistance 
(0 S a) wil1 normally fall into the range of 0.2°C/W - 1 .5°C/W. 
These are not small heat sinks. A model 441, for instance, 
which is sold by several manufacturers, has a 0 SA of 
0.6°C/W with natural convection and is about five inches 
on a side. Smaller sinks are more volumetrically efficient, 
and larger sinks, less so. A rough formula for estimating 
the volume of heat sink required is: V = 5O/0 SA 1,5 CU IN. 
This holds for natural convection only. If the heat sink is in- 
side a small sealed enclosure, 0 SA will increase substan- 
tially because the air is not free to form natural convection 
currents. Fan-forced convection can reduce 0 SA by a factor 
of two at 200 FPM air velocity, and by four at 1000 FPM. 


Ripple Rejection 

Ripple rejection at the normal ripple frequency of 120 Hz is 
a function of both electrical and thermal effects in the 
LM1 96. If the adjustment pin is not bypassed with a capac- 
itor, it is also dependent on output voltage. A 25 fiF capac- 
itor from the adjustment pin to ground will make ripple re- 
jection independent of output voltage for frequencies 
above 100 Hz. If lower ripple frequencies are encountered, 
the capacitor should be increased proportionally. 

Keep in mind that the bypass capacitor on the adjustment 
pin will limit the turn-on time of the regulator. A 25 nF 
capacitor, combined with the output divider resistance, 
will give an extended output voltage settling time follow- 
ing the application of input power. 

Load Regulation 

Because the LM196 is a three-terminal device, it is not 
possible to provide true remote load sensing. Load regula- 
tion will be limited by the resistance of the output pin and 
the wire connecting the regulator to the load. For the data 
sheet specification, regulation is measured 1/4” from the 
bottom of the package on the output pin. Negative side 
sensing is a true Kelvin connection, with the bottom of the 
output divider returned to the negative side of the load. 
Although it may not be immediately obvious, best load 
regulation is obtained when the top of the divider is con- 
nected directly to the output pin, not to the load. This is il- 
lustrated in Figure 3. If R1 were connected to the load, the 
effective resistance between the regulator and the load 
would be 

/r3 . /R2 + Ri\ 

(Rw)x \ rr) 

Rw = Line Resistance 

Connected as shown, Rw is not multiplied by the divider 
ratio. Rw is about 0.004ft per foot using 16 gauge wire. This 
translates to 40 mV/ft at 10A load current, so it is impor- 
tant to keep the positive lead between regulator and load 
as short as possible. 

Rw 



FIGURE 3. Proper Divider Connection 
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Application Hints (Continued) 


Thermal, as well as electrical, load regulation must be 
considered with 1C regulators. Electrical load regulation 
occurs in microseconds, thermal regulation due to die 
thermal gradients occurs in the 0.2 ms-20 ms time frame, 
and regulation due to overall temperature changes in the 
die occurs over a 20 ms to 20 minute period, depending on 
the time constant of the heat sink used. Gradient induced 
load regulation is calculated from 

AV out = (V|n - V out) x (AIout) x (/3) 

0 = Thermal regulation specified on data sheet. 

For V, n = 9V, V 0U t = 5V, AI O ut= 10A, and 0 = O.OO5%A/V, 
this yields a 0.2% change in output voltage. Changes in 
output voltage due to overall temperature rise are 
calculated from 

V OUT = ( V IN ~ V OUT) X (A I out) X (TC) X (0j A ) 

TC = Temperature coefficient of output voltage. 

0j A = Thermal resistance from junction to ambient. 0 jA 
is approximately 0.5°C/W + 0 of heat sink. 

For the same conditions as before, with TC = 0.003%/°C, 
and 0j A = 1.5°C/W, the change in output voltage will be 
0.18%. Because these two thermal terms can have either 
polarity, they may subtract from, or add to, electrical load 
regulation. For worst-case analysis, they must be as- 
sumed to add. If the output of the regulator is trimmed 
under load, only that portion of the load that changes need 
be used in the previous calculations, significantly improv- 
ing output accuracy. 

Line Regulation 

Electrical line regulation is very good on the LM196— 
typically less than 0.005% change in output voltage for a 
IV change in input. This level of regulation is achieved on- 
ly for very low load currents, however, because of thermal 
effects. Even with a thermal regulation of 0.002%/W, and a 
temperature coefficient of 0.003%/°C, DC line regulation 
will be dominated by thermal effects as shown by the 
following example: 

Assume Vqut = 5 V, = 9V, Iout = 8A 

Following a 10% change in input voltage (0.9V), the output 
will change quickly (< 100 ^s), due to electrical effects, by 
(0.005%V)x (0.9V) = 0.0045%. In the next 20 ms, the out- 
put will change an additional (0.002%/W) x (8A) x 
(0.9V) = 0.0144% due to thermal gradients across the die. 
After a much longer time, determined by the time constant 
of the heat sink, the output will change an additional 
(0.003%/°C)x(8A)x (0.9V) x(2°C/W) = 0.043% due to the 
temperature coefficient of output voltage and the thermal 
resistance from die to ambient. (2°C/W was chosen for 
this calculation). The sign of these last two terms varies 
from part to part, so no assumptions can be made about 
any cancelling effects. All three terms must be added for a 
proper analysis. This yields 0.0045 + 0.0144 + 0.043 = 
0.062% using typical values for thermal regulation and 
temperature coefficient. For worst-case analysis, the 


maximum data sheet specifications for thermal regula- 
tion and temperature coefficient should be used, along 
with the actual thermal resistance of the heat sink being 
used. 

Paralleling Regulators 

Paralleling regulators is not normally recommended 
because they do not share currents equally. The regulator 
with the highest reference voltage will supply all the cur- 
rent to the load until it current limits. With an 18A load, for 
instance, one regulator might be operating in current limit 
at 16A while the second device is only carrying 2A. Power 
dissipation in the high current regulator is extremely high 
with attendant high junction temperatures. Long term 
reliability cannot be guaranteed under these conditions. 

Quasi-paralleling may be accomplished if load regulation 
is not critical. The connection shown in Figure 6 will 
typically share to within 1 A, with a worst-case of about 3A. 
Load regulation is degraded by 150 mV at 20A loads. An 
external op amp may be used as in Figure 8 to improve 
load regulation. 

Input and Output Capacitors 

The LM196 will tolerate a wide range of input and output 
capacitance, but long wire runs or small values of output 
capacitance can sometimes cause problems. If an output 
capacitor is used, it should be 1 /*F or larger. We suggest 
10 /*F solid tantalum if significant improvements in high 
frequency output impedance are needed (see output im- 
pedance graph). This capacitor should be as close to the 
regulator as possible, with short leads, to reduce the ef- 
fects of lead inductance. No input capacitor is needed if 
the regulator is within 6 inches of the power supply filter 
capacitor, using 18 gauge stranded wire. For longer wire 
runs, the LM196 input should be bypassed locally with a 
4.7 n F (or larger) solid tantalum capacitor, or a 100 ^F (or 
larger) aluminum electrolytic capacitor. 

Correcting for Line Losses 

Three-terminal regulators can only provide partial Kelvin 
load sensing (see Load Regulation). Full remote sensing 
can be added by using an external op amp to cancel the ef- 
fect of voltage drops in the unsensed positive output lead. 
In Figure 8, the LM301A op amp forces the voltage loss 
across the unsensed output lead to appear across R3. The 
current through R3 then flows out the V“ pin of the op 
amp through R4. The voltage drop across R4 will raise the 
output voltage by an amount equal to the line loss, just 
cancelling the line loss itself. A small ( - 40 mV) initial 
output voltage error is created by the quiescent current of 
the op amp. Cancellation range is limited by the maximum 
output current of the op amp, about 300 mV as shown. This 
can be raised by increasing R3 or R4 at the expense of 
more initial output error. 

Transformers and Diodes 

Proper transformer ratings are very important in a high 
current supply because of the conflicting requirements of 
efficiency and tolerance to low-line conditions. A 
transformer with a high secondary voltage will waste 
power and cause unnecessary heating in the regulator. 
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Application Hints (Continued) 

Too low a secondary voltage will cause loss of regulation 
under low-line conditions. The following formulas may be 
used to calculate the required secondary voltage and cur- 
rent ratings using a full-wave center tap: 

V _ / V QUT+ Vreg + Vrect+ VrippleN / v nom\ / 1 


v rms- ^ 

V 2 

/ \ V LOW /\ \ 

lrm8 = <l 0 UT)(1-2) 


(Full-wave center tap) 

where: 




Vour= DC regulated output voltage 

v reg = Minimum input-output voltage of regulator 

Vrect= Rectifier forward voltage drop at three times DC 
output current 

v ripple = 1/2 peak-to-peak capacitor ripple voltage 
(5-3 x 10 ~ 3 ) (Iqut) 

2C 

V N0M = Nominal line voltage AC rms 
V L ow= Low Jine voltage AC rms 
Iout= DC output current 
Example: Iout ^ 10A, Vqut = 5V 

Assume: V REG = 2.2 V, V RECT = 1.2 V 


Vr,pple = 2Vp-p,V N om = 115V, 
V low =105V 


Z 5 + 2.2 + 1.2 + 1 \/ 115 \ 
\ -J2 /I 105 ) 


1.1 


= 8-01 V„ 

Capacitor C = — ~ 3 > 

2 ' v ripple 

= ( 53X10- 3 K10 ) = 26[500/1F 

•The factor of 1.1 is only an approximate factor accounting for load regula- 
tion of the transformer. 

Typical Performance Characteristics 


The diodes used in a full-wave rectified capacitor input 
supply must have a DC current rating considerably higher 
than the average current flowing through them. In a 10A 
supply, for instance, the average current through each 
diode is only 5A, but the diodes should have a rating of 
10A-15A. There are many reasons for this, both thermal 
and electrical. The diodes conduct current in pulses about 
3.5 ms wide with a peak value of 5-8 times the average 
value, and an rms value 1.5-2.0 times the average value. 
This results in long term diode heating roughly equivalent 
to 10A DC current. The most demanding condition how- 
ever, may be the one cycle surge through the diode during 
power turn on. The peak value of the surge is about 10-20 
times the DC output current of the supply, or 100A-200A 
for a 10A supply. The diodes must have a one cycle non- 
repetitive surge rating of 200A or more, and this is usually 
not found in a diode with less than 10A average current 
rating. Keep in mind that even though the LM196 may be 
used at current levels below 10A, the diodes may still have 
to survive shorted output conditions where average cur- 
rent could rise to 12A-15A. Smaller transformers and filter 
capacitors used in lower current supplies will reduce 
surge currents, but unless specific information is avail- 
able on worst-case surges, it is best not to economize on 
diodes. Stud-mounted devices in a DO-4 package are rec- 
ommended. Cathode-to-case types may be bolted directly 
to the same heat sink as the LM196 because the case of 
the regulator is its power input. Part numbers to consider 
are the 1N1200 series rated at 12A average current in a 
DO-4 stud package. Additional types include common 
cathode duals in a TO-3 package, both standard and 
Schottky, and various duals in plastic filled assemblies. 
Schottky diodes will improve efficiency, especially in low 
voltage applications. In a 5V supply for instance, Schottky 
diodes will decrease wasted power by up to 6W, or alter- 
natively provide an additional 5% “drop out” margin for 
low-line conditions. Several manufacturers are producing 
“high efficiency” diodes with a forward voltage drop near- 
ly as good as Schottkys at high current levels. These 
devices do not have the low breakdown voltages of Schot- 
tkys, so are much less prone to reverse breakdown induc- 
ed failures. 
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Typical Performance Characteristics (Continued) 

Current Limit 



0 5 10 15 20 25 

INPUT-OUTPUT DIFFERENTIAL (V) 


Maximum Heat Sink 
Thermal Resistance 



0 20 40 60 80 100 120 


POWER DISSIPATION (W) 

* See “Heat Sinking” under Application Hints. 

TO-3 Interface Thermal 
Resistance using Thermal 
Joint Compound 



1 2 3 4 5 6 

TOTAL SURFACE RUNOUT (MILS/INCH) 
(INCLUDES TO-3 AND HEAT SINK RUNOUT) 
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*To obtain output noise, multiply by 
Vqut/ 1-25 if adjustment pin is not bypassed. 


Maximum Power 



0 30 60 90 120 150 

CASE TEMPERATURE (°C) 


*As limited by maximum junction temperature 


Maximum Heat Sink 
Thermal Resistance* 



0 20 40 60 80 100 120 

POWER DISSIPATION (W) 

*See “Heat Sinking” under Application Hints. 


Thermal Regulation 
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Typical Performance Characteristics (Continued) 


Ripple Rejection 
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‘With no adjustment pin bypass. For output 
voltages other than 5V, multiply vertical scale 
by V out /5. 


‘With no adjustment pin bypass. For output 
voltages other than 5V, multiply vertical scale 
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Typical Applications (Continued) 



•Regulation can be improved by adding an LM336 reference diode to in- 
crease the effective reference voltage to 3.75V. Load and line regula- 
tion are improved by 3:1, including thermal effects. 


FIGURE 4. Improving Regulation* 


R3* 



*R3 is selected to supply partial load current. Therefore, a minimum load 
must always be maintained to prevent the regulated output from rising 
uncontrolled. R3 must be greater than (V MA x - VoutI^min. where Vmax 
is worst-case high input voltage, and Imin is the minimum load current. 
R3 must be rated for at least (V| N - Vqut) 2/R3 watts. Regulator power 
dissipation will be reduced by a factor of 2-3 in a typical situation 
where minimum load current is 1/2 full load current. Regulator dissipa- 
tion will peak at: 


V - ( R3 )( |qut ) 


+ v out 


and will be equal to: 

„ (R3)(I 0 ut) 2 

'MAX = 


-Assuming: (R3)(I 0 U t)^ V MA x - Vqut 


A few words of caution; (1) R3 power rating must be increased to 
(Vmax) 2 /R3 if continuous output shorts are possible. (2) Under normal 
load conditions, system power dissipation is not changed, but under 
short circuit conditions system power dissipation increases by 
(V|n) 2 /R3 watts over the already high power of a shorted regulator. The 
LM196 will not be harmed and neither will R3 if it is rated properly, but 
the raw supply components must be able to withstand the overload 
also. Thermal shutdown of the LM196will probably occur for sustained 
shorts, somewhat alleviating the problem. 


FIGURE 5. Reducing Regulator Power Dissipation 



1-107 


LM196/LM396 



LM196/LM396 


Typical Applications (Continued) 


LM396 I 0.015 

V IN Vqut 11 

ADJ ♦ 


LM396 

V IN v 0UT 
ADJ 


Z FEET OF 
#18 Cu WIRE 


FIGURE 6. Paralleling Regulators 


LM396 

V IN v 0UT 
ADJ 


LM396 

V IN v 0UT 
ADJ 



V IN v out* 








Typical Applications (Continued) 



‘Parasitic line resistance created by wiring, connectors, or parallel ballasting. 

FIGURE 8. Correcting for Line Looses 


LM196 Schematic Diagram 
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National 

Semiconductor 


LM317L 3-Terminal Adjustable Regulator 

General Description 


Voltage Regulators 


The LM317L is an adjustable 3-terminal positive voltage 
regulator capable of supplying 100 mA over a 1.2V to 37V 
output range. It is exceptionally easy to use and requires 
only two external resistors to set the output voltage. Fur- 
ther, both line and load regulation are better than standard 
fixed regulators. Also, the LM317L is packaged in a stan- 
dard TO-92 transistor package which is easy to use. 

In addition to higher performance than fixed regulators, 
the LM317Loffers full overload protection. Included on the 
chip are current limit, thermal overload protection and 
safe area protection. All overload protection circuitry 
remains fully functional even if the adjustment terminal is 
disconnected. 

Features 

■ Adjustable output down to 1.2V 

■ Guaranteed 100 mA output current 

■ Line regulation typically 0.01 %/V 

■ Load regulation typically 0.1 % 

■ Current limit constant with temperature 

■ Eliminates the need to stock many voltages 

■ Standard 3-lead transistor package 

■ 80 dB ripple rejection 

Normally, no capacitors are needed unless the device is 
situated far from the input filter capacitors in which case 
an input bypass is needed. An optional output capacitor 
can be added to improve transient response. The adjust- 
ment terminal can be bypassed to achieve very high ripple 
rejection ratios which are difficult to achieve with stand- 
ard 3-terminal regulators. 


Besides replacing fixed regulators, the LM317L is useful in 
a wide variety of other applications. Since the regulator is 
“floating” and sees only the input-to-output differential 
voltage, supplies of several hundred volts can be regu- 
lated as long as the maximum input-to-output differential 
is not exceeded. 

Also, it makes an especially simple adjustable switching 
regulator, a programmable output regulator, or by connect- 
ing a fixed resistor between the adjustment and output, 
the LM317L can be used as a precision current regulator. 
Supplies with electronic shutdown can be achieved by 
clamping the adjustment terminal to ground which pro- 
grams the output to 1.2V whdre most loads draw little 
current. 

The LM317L is packaged in a standard TO-92 transistor 
package. The LM317L is rated for operation over a - 25°C 
to 125°C range. 


Connection Diagram 




Order Number LM317LZ 
See NS Package Z03A 


Typical Applications 


Fully Protected (Bulletproof) 
1.2V-25V Adjustable Regulator Lamp Driver 


Lamp Flasher 


4 v in v outL 
adj I 


— J — Cl* ( 


< ri 

<240 

J i— C2 t 

—I— O.VF 

► s 

/ ’T s UiF 


£R2 


LJ 

E_ 



. 28V, 40 mA 
INCANDESCENT 
LAMP 


I V|N I 
V0UT adji- 


y\H VoUTl - — 

1 ADJ I IOmF 


MOk IQnF 


V 28V at 40 mA 
j INCANDESCENT 


t Optional— improves transient 
response 

* Needed if device is far from 
filter capacitors 

tt V0UT= 1 -25V ^1 + 


Output rate — 4 flashes per second at 10% duty cycle 
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LM317L 


Absolute Maximum Ratings 

Power Dissipation 
Input-Output Voltage Differential 
Operating Junction Temperature Range 
Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 


Internally Limited 
40V 

-40®Cto +125°C 
-55°Cto+150*C 
300 # C 


Electrical Characteristics (Note d 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Line Regulation 

T a = 25°C, 3V<(V| N -V OU t)^40V, 

(Note 2) 


0.01 

0.04 

%/V 

Load Regulation 

T A = 25°C, 5 mA^ Iout^ Imax. (Note 2) 


0.1 

0.5 

% 

Thermal Regulation 

T A = 25°C, 10 ms Pulse 


0.04 

0.2 

%/W 

Adjustment Pin Current 



. 50 

100 

/*A 

Adjustment Pin Current Change 

5 mA^I L <100 mA 

3 V < ( V, N - Vout) ^ 40 V, P^625 mW 


0.2 

5 

mA 

Reference Voltage 

3V=s(V in -V OU t)^ 40V, (Note 3) 

5 mA I out^ 100 mA, P ^ 625 m W 

1.20 

1.25 

1.30 

V 

Line Regulation 

3V<(V in -V OU t)< 40V, (Note 2) 


0.02 

0.07 

%/V 

Load Regulation 

5 mA < 1 out 2 s 100 mA, (Note 2) 


0.3 

1.5 

% 

Temperature Stability 

T m , n <T^T max 


0.65 


% 

Minimum Load Current 

(V|n-V OU t)*40V 


3.5 

5 

mA 


3V<(V 1n -V OU t)^15V 


1.5 

2.5 

mA 

Current Limit 

3V<(V in -V OU t)^13V 

100 

200 

300 

mA 


(V|N-V 0 ut) = 40V 

25 

50 

150 

mA 

Rms Output Noise, % of Vqut 

T a = 25°C, 10Hz=sf<10 kHz 


0.003 


% 

Ripple Rejection Ratio 

Vqut = 10V, f = 120 Hz, C AD j ss 0 


65 


dB 


LL 

O 

II 

Q 

< 

o 

66 

80 


dB 

Long-Term Stability 

Tj = 125°C, 1000 Hours 


0.3 

1 

% 


Note 1: Unless otherwise specified, these specifications apply -25*CsTjSl25*C for the LM317L; Vjn-VouT = 5V ®nd kXJT- 40 mA. Although power 
dissipation is internally limited, these specifications are applicable for power dissipations up to 625 mW. I^AX is 100 mA. 

Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects 
are covered under the specification for thermal regulation. 

Note 3: Thermal resistance of the TO*92 package Is 180°C/W junction to ambient with 0.4" leads from a PC board and 160°C/W junction to ambient with 0.1 25" 
lead length to PC board. 
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CHANGE (V) DEVIATION (V) RIPPLE REJECTION (dB) INPUT-OUTPUT DIFFERENTIAL (V) OUTPUT VOLTAGE DEVIATION (%) 


Typical Performance Characteristics (Output capacitor = 0 nF unless otherwise noted.) 


Load Regulation 
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TEMPERATURE (°C) 


Current Limit 
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Adjustment Current 
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Dropout Voltage 
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Reference Voltage 
Temperature Stability 
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Minimum Operating Current 
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Ripple Rejection 
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Ripple Rejection 
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Output Impedance 
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Line Transient Response 


Load Transient Response 


Thermal Regulation 
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Application Hints 

In operation, the LM317L develops a nominal 1.25V 
reference voltage, V REF , between the output and adjust- 
ment terminal. The reference voltage is impressed across 
program resistor R1 and, since the voltage is constant, a 
constant current If then flows through the output set 
resistor R2, giving an output voltage of 

R2 

V OUT= V REF 1 + ~ Tl ADJ R2 

Hi 

Since the 100 /*A current from the adjustment terminal 
represents an error term, the LM317L was designed to min- 
imize Udj and make it very constant with line and load 
changes. To do this, all quiescent operating current is 
returned to the output establishing a minimum load cur- 
rent requirement. If there is insufficient load on the output, 
the output will rise. 


LM317L 



FIGURE 1 

External Capacitors 

An input bypass capacitor is recommended in case the 
regulator is more than 6 inches away from the usual large 
filter capacitor. A 0.1 /*F disc or 1 nF solid tantalum on the 
input is suitable input bypassing for almost all applica- 
tions. The device is more sensitive to the absence of input 
bypassing when adjustment or output capacitors are 
used, but the above values will eliminate the possibility of 
problems. 

The adjustment terminal can be bypassed to ground on 
the LM317L to improve ripple rejection and noise. This 
bypass capacitor prevents ripple and noise from being 
amplified as the output voltage is increased. With a 10 (iF 
bypass capacitor 80 dB ripple rejection is obtainable at 
any output level. Increases over 10 ^F do not appreciably 
improve the ripple rejection at frequencies above 120 Hz. If 
the bypass capacitor is used, it is sometimes necessary to 
include protection diodes to prevent the capacitor from 
discharging through internal low current paths and dam- 
aging the device. 


In general, the best type of capacitors to use is solid 
tantalum. Solid tantalum capacitors have low impedance 
even at high frequencies. Depending upon capacitor con- 
struction, it takes about 25 nF in aluminum electrolytic to 
equal 1 nF solid tantalum at high frequencies. Ceramic 
capacitors are also good at high frequencies; but some 
types have a large decrease in capacitance at frequencies 
around 0.5 MHz. For this reason, a 0.01 n F disc may seem 
to work better than a 0.1 /*F disc as a bypass. 

Although the LM317L is stable with no output capacitors, 
like any feedback circuit, certain values of external 
capacitance can cause excessive ringing. This occurs 
with values between 500 pF and 5000 pF. A 1 ^F solid 
tantalum (or 25 fiF aluminum electrolytic) on the output 
swamps this effect and insures stability. 

Load Regulation 

The LM317L is capable of providing extremely good load 
regulation but a few precautions are needed to obtain 
maximum performance. The current set resistor con- 
nected between the adjustment terminal and the output 
terminal (usually 24012) should be tied directly to the output 
of the regulator rather than near the load. This eliminates 
line drops from appearing effectively in series with the 
reference and degrading regulation. For example, a 15V 
regulator with 0.0512 resistance between the regulator and 
load will have a load regulation due to line resistance of 
0.0512 x l L . If the set resistor is connected near the load the 
effective line resistance will be 0.0512 (1 + R2/R1) or in this 
case, 11.5 times worse. 

Figure 2 shows the effect of resistance between the 
regulator and 24012 set resistor. 

With the TO-92 package, it is easy to minimize the resist- 
ance from the case to the set resistor, by using two 
separate leads to the output pin. The ground of R2 can be 
returned near the ground of the load to provide remote 
ground sensing and improve load regulation. 


LM317L 



FIGURE 2. Regulator with Line Resistance 
in Output Lead 
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Application Hints (Continued) 


Thermal Regulation 

When power is dissipated in an 1C, a temperature gradient 
occurs across the 1C chip affecting the individual 1C cir- 
cuit components. With an 1C regulator, this gradient can 
be especially severe since power dissipation is large. 
Thermal regulation is the effect of these temperature gra- 
dients on output voltage (in percentage output change) 
per watt of power change in a specified time. Thermal 
regulation error is independent of electrical regulation or 
temperature coefficient, and occurs within 5 ms to 50 ms 
after a change in power dissipation. Thermal regulation 
depends on 1C layout as well as electrical design. The ther- 
mal regulation of a voltage regulator is defined as the 
percentage change of V 0 ut, per watt, within the first 1 0 ms 
after a step of power is applied. The LM317L specification 
is 0.2%/W, maximum. 

In the Thermal Regulation curve at the bottom of page 3, a 
typical LM317L’s output changes only 7 mV (or 0.07% of 
V 0 ut= -10V) when a 1W pulse is applied for 10 ms. This 
performance is thus well inside the specification limit of 
0.2%/W x 1W = 0.2% maximum. When the 1W pulse is 
ended, the thermal regulation again shows a 7 mV change 
as the gradients across the LM317L chip die out. Note that 
the load regulation error of about 14 mV (0.14%) is addi- 
tional to the thermal regulation error. 

Protection Diodes 

When external capacitors are used with any 1C regulator it 
is sometimes necessary to add protection diodes to pre- 


vent the capacitors from discharging through low current 
points into the regulator. Most 10 /*F capacitors have low 
enough internal series resistance to deliver 20A spikes 
when shorted. Although the surge is short, there is enough 
energy to damage parts of the 1C. 

When an output capacitor is connected to a regulator and 
the input is shorted, the output capacitor will discharge in- 
to the output of the regulator. The discharge current 
depends on the value of the capacitor, the output voltage 
of the regulator, and the rate of decrease of V jN . In the 
LM317L, this discharge path is through a large junction 
that is able to sustain a 2A surge with no problem. This is 
not true of other types of positive regulators. For output 
capacitors of 25 fiF or less, the LM317L’s ballast resistors 
and output structure limit the peak current to a low 
enough level so that there is no need to use a protection 
diode. 

The bypass capacitor on the adjustment terminal can 
discharge through a low current junction. Discharge 
occurs when either the input or output is shorted. Internal 
to the LM317L is a 50fi resistor which limits the peak dis- 
charge current. No protection is needed for output volt- 
ages of 25V or less and 1 0 /iF capacitance. Figure 3 shows 
an LM317L with protection diodes included for use with 
outputs greater than 25V and high values of output 
capacitance. 


D1 

1N4002 



FIGURE 3. Regulator with Protection Diodes 
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Schematic Diagram 



Typical Applications (Continued) 

Digitally Selected Outputs 


LM317L 



*Sets maximum Vqut 


High Gain Amplifier 



Adjustable Current Limiter 



12=5 Ris 240 


Slow Turn-On 15V Regulator 


Precision Current Limiter 


LM317L 



V ADJ ' J 


Adjustable Regulator with Improved 
Ripple Rejection 


LM317L LM317L 




t Solid tantalum 

•Discharges Cl if output is shorted to ground 


High Stability 10V Regulator 


Adjustable Regulator with Current Limiter 


LM317L 



Short circuit current is approximately $00 mV/R3, or 60 mA 
(compared to LM317LZ’s 200 mA current limit). 

At 25 mA output only 3/4V of drop occurs in R3 and R4. 
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Typical Applications (Continued) 


0V-30V Regulator 

IM3171 

yjg — f-I^N V 0UT I— V 0U T 


Regulator With 15 mA Short Circuit Current 


Power Follower 


V|N V OUT =10V 

V 0UT - • - 
ADJ I 


Adjusting Multiple On-Card Regulators 
with Single Control* 


Vim 

LM317L V 0U T 

ADJ 


V||M | V IN V 0UTf 

I ADJ | 


" v 0UT v IN~H V, N V 0UT ►— V 0 UT f ^IIV“H V IN v 0UT|— Vqut* 

| ADJ | I ADJ 


* All outputs within ±100 mV 
t Minimum load— 5 mA 


100 mA Current Regulator 

LM317L 



1.2V-12V Regulator with 
Minimum Program Current 


15V —I v in VoutI 
1 adj I 


50 mA Constant Current Battery Charger 
for Nickel-Cadmium Batteries 


V||\|— I v in VquTI 

ADJ 


* Minimum load current *2 mA 
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Typical Applications (Continued) 


5V Logic Regulator with 

Electronic Shutdown* Current Limited 6V Charger 


IM317I 



* Sets peak current, lpEAK = °- 6V/R1 
* * 1000 fiF is recommended to’filter 
out any input transients. 


Short Circuit Protected 80V Supply 
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Typical Applications (Continued) 


Tracking Regulator 



Regulator with Trimmable Output Voltage 

V| N (25V TO 40V) 


VoUTHt Vn UT (22V ±1%) 



J_ SR2 

■dr >iok* 


<«L0AD = 5mAMIN) 


A1 = LM301A, LM307, or LF13741 only 

R1, R2— matched resistors with good TC tracking 


’ 1/iF TANTALUM 


“ v 0UT = _1 < v 0UT> 


—If Vqut is 23.08V or higher, cut out R3 (if lower, don’t 
cut it out). 

—Then if Vqut is 22.47V or higher, cut out R4 (if lower, 
don’t). 

—Then if Vqut is 22.16V or higher, cut out R5 (if lower, 
don’t). 

This will trim the output to well within ±1% of 
22.00 Vqq, without any of the expense or uncertainty of 
a trim pot (see LB-46). Of course, this technique can be 
used at any output voltage level. 


Precision Reference with Short-Circuit- 
Proof Output 


VlN 

1ADJ v out - 


. 10.000V OUTPUT 
1 ppm/°C MAX 


"■H 


1 Ik CERMET 
OUTPUT ADJUST 


* R1-R4 from thin-film network, 
Beckman 694-3-R2K-D or similar 
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LM320L/ 
LM320ML Series 




National 


Semiconductor 

LM320L/LM320ML Series 
3-Terminal Negative Regulators 


Voltage Regulators 


General Description 

The LM320L/LM320ML series of 3*terminal negative 
voltage regulators features fixed output voltages of -5V, 
-12V, and -15V, with output current capabilities in 
excess of 100 mA, for the LM320L series, and 250 mA 
for the LM320ML series. These devices were designed 
using the latest computer techniques for optimizing the 
packaged 1C thermal/electrical performance. The 
LM320L/LM320ML series, even when combined with a 
minimum output compensation capacitor of 0.1 fif, 
exhibits an excellent transient response, a maximum 
line regulation of 0.07% Vq/V, and a maximum load 
regulation of 0.01% Vg/mA. 

The LM320L/LM320ML series also includes, as self- 
protection circuitry: safe operating area circuitry for 
output transistor power dissipation limiting, a tempera- 
ture independent short circuit current limit for peak 
output current limiting, and a thermal shutdown circuit 
to prevent excessive junction temperature. Although 
designed primarily as fixed voltage regulators, these 
devices may be combined with simple external circuitry 
for boosted and/or adjustable voltages and currents. The 
LM320L series is available, in the 3*lead TO-92 package, 
and the LM320ML series is available in the 3-lead 
TO-202 package. 


For output voltages other than -5V, -12V and -15V, 

the LM137 series provides an output voltage range 

from -1.2V to -47V. 

Features 

■ Preset output voltage error is less than ±5% over load, 
line and temperature 

■ LM320L is specified at an output current of 100 mA 

■ LM320M L is specified at an output current of 250 m A 

■ Internal short-circuit, thermal and safe operating area 
protection 

■ Easily adjustable to higher output voltages 

■ Maximum line regulation less than 0.07% Vout/V 

■ Maximum load regulation less than 0.01% Vo(JT/ m A 

■ Easily compensated with a small 0.1 /i F output 
capacitor 




RATED 

DESIGN 

DEVICE 

PACKAGE 

POWER 

OUTPUT 



DISSIPATION 

CURRENT 

LM320ML 

TO-202 

7.5W 

0.25 A 

LM320L 

TO-92 

0.6W 

0.1 A 


Connection Diagrams 


TO-202 Power Package (P) 


TO-92 Plastic Package (Z) 




BOTTOM VIEW 


Order Numbers: 

LM320LZ-5.0 

LM320LZ-12 

LM320LZ-15 

See Package Z03A 


Order Numbers: 


LM320MLP-5.0 

LM320MLP-12 

LM320MLP-15 

See Package P03A 


For Tab Bend TO-202 
Order Numbers: 
LM320MLP-5.0 TB 
LM320MLP-12 TB 
LM320MLP-15 TB 
See Package P03E 
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Absolute Maximum Ratings 

Input Voltage 

VquT = - 5V 1 2V and 1 5V - 35V 

Internal Power Dissipation 

(Notes 1 and 3) Internally Limited 

Operating Temperature Range 0°Cto +70°C 

Maximum Junction Temperature + 125°C 

Storage Temperature Range 

Molded TO-92 - 55 °C to + 1 50 °C 

Molded TO-202 - 65 °C to + 1 50 °C 

Lead Temperature 

(Soldering, 10 seconds) 300 °C 


Electrical Characteristics LM320ML (Note 2) Ta = 0°C to + 70 °C unless otherwise noted. 


OUTPUT VOLTAGE 

- 5V 

-12V 

-15V 


INPUT VOLTAGE (unless otherwise noted) 

-10V 

-17V 

-20V 

UNITS 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP 

MAX 

MIN TYP MAX 


v 0 

Output Voltage 

Tj =25°C, Iq = 250 mA 

-5.2 -5 -4.8 

-12.5 -12 

-11.5 

-15.6 -15 -14.4 




1 mA ^ Iq < 250 mA 
(VMIN < Vin < V MAX ) 

-5.25 -4.75 

(-20 < V|N < - 7.5) 

- 12.6 

(-27 < V| N < 

-11.4 

-14.8) 

-15.75 -14.25 

(-30« V|N < -18) 

V 

AVo 

Line Regulation 

Tj = 25 °C, lo = 250 mA 
(VMIN < V| N < V MA X) 

50 

(- 25 < V| N < -7.3) 

(-30 < V| N < 

40 
- 14.6) 

40 

(-30 < V|N« 17.7) 

mV 

V 

AVq 

Load Regulation 

Tj = 25 °C 

1 mA Iq < 250 mA 

50 

120 

150 

mV 

AVo 

Long Term Stability 

Iq = 250 mA 

20 

48 

60 

mV/khr 

|q 

Quiescent Current 

Iq = 250 mA 

2 6 

2 

6 

2 6 

mA 

AIq 

Quiescent Current 

1 mA < Iq < 250 mA 

0.3 

_ 03 . _ 

0.3 

mA 


Change 

Iq = 250 mA 
(VMIN < V tN < V MA X) 

0.25 

(-20 < V|N< -7.5) 

(-27 < V| N < 

0.25 

-14.8) 

0.25 

(-30< V|N < -18) 

V 

V n 

Output Noise Voltage 

Tj = 25 °C, Iq = 250 mA 
f = 10 Hz-10 kHz 

40 

100 

120 

mV 

AV|n 

AVq 

Ripple Rejection 

Tj = 25 °C, lo = 250 mA 
f = 120 Hz 

54 

56 

54 

dB 

Input Voltage Required 
to Maintain Line 
Regulation 

Tj =25°C 

Iq = 250 mA 

-7.3 

- 14.6 

-17.7 

V 


Note 1: Thermal resistance of the TO-202 Package (P) without a heat sink is 12°C/W junction to case and 70°C/W case to ambient. 

Note 2: To ensure constant junction temperature, low duty cycle pulse testing is used. 

Note 3: Thermal resistance, junction to ambient, of the TO-92 (Z) Package is 180 °C/W when mounted with 0.40 inch leads on a PC board, and 
160°C/W when mounted with 0.25 inch leads on a PC board. 
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LM320L/ 
LM320ML Series 



LM320L/ 
LM320ML Series 


Electrical Characteristics LM320L (Note 4) Ta = 0°C to + 70 °C unless otherwise noted. 


OUTPUT VOLTAGE 

- 5V 

-12V 

-15V 


INPUT VOLTAGE (unless otherwise noted) 

-10V 

-17V 

-20V 

UNITS 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 


vo 

Output Voltage 

Tj = 25°C, l O = 100 mA 

-5.2 -5 -4.8 

-12.5 -12 -11.5 

-15.6 -15 -14.4 




1mA $ lo < 100 mA 

-5.25 -4.75 

-12.6 -11.4 

-15.75 -14.25 




V MIN < V| N $ V M AX 

(-20$ V| N $ -7.5) 

(-27$ V|N< -14.8) 

(-30$ V| N $ -18) 

V 



1 mA $ Iq < 40 mA 

-5.25 -4.75 

-12.6 -11.4 

-15.75 -1425 




V MIN < V )N $ V M AX 

(-20 $ V| N $ -7) 

(-27 $ -14.5) 

(-30$ V| N $ -17.5) 


AVq 

Line Regulation 

fj = 25 °C, lo = 100 mA 

60 

45 

45 

mV 



V MIN < V | N $ V M AX 

(-20$ V| N $ -7.3) 

(-27$ V| N $ -14.6) 

(-30$ V| N $ -17.7) 

V 



Tj = 25 °C, lo = 40 mA 

60 

45 

45 

mV 



V MIN < V| N $ V MA X 

(-20 $ V| N $ -7) 

(-27$ V| N $ -14.5) 

(-30$ V|fg$ -17.5) 

V 

av 0 

Load Regulation 

Tj = 25 °C 

1 mA $ Iq $ 100 mA 

50 

100 

125 

mV 

AVq 

Long Term Stability 

Iq = 100 mA 

20 

48 

60 

mV/khr 

•q 

Quiescent Current 

Iq = 100 mA 

2 6 

2 6 

2 6 

mA 

AIq 

Quiescent Current 

1 mA $ lo < 100 mA 

0.3 

0.3 

0.3 

mA 


Change 

1 mA $ Iq $ 40 mA 

0.1 

0.1 

0.1 



Iq = 100 mA 

0.25 

0.25 

0.25 

mA 



V MIN < V| N $ VMAX 

(-20$ V| N $ -7.5) 

(-27$ V|N< -14.8) 

(-30$ V| N $ -18) 

V 

V n 

Output Noise Voltage 

Tj = 25°, Iq = 100 mA 

40 

96 

120 




f = 10 Hz-10 kHz 





& 

Olz 

Ripple Rejection 

Tj = 25 °C, Iq= 100 mA 
f = 120 Hz 

50 

52 

50 

dB 


Input Voltage 

Tj = 25° 






Required to Maintain 

Iq = 100 mA 

-7.3 

-14.6 

-17.7 

v 


Line Regulation 

Iq = 40 mA 

-7.0 

-14.5 

-17.5 



Note 4: To ensure constant junction temperature, low duty cycle pulse testing is used. 
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POWER DISSIPATION (W) 



LM320L/ 
LM320ML Series 











LM320L/ 
LM320ML Series 
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LM320L/ 
LM320ML Series 








LM330 



National 

Semiconductor 


Voltage Regulators 


LM330 3-Terminal Positive Regulator 

General Description Features 


The LM330 5V 3-terminal positive voltage regulator 
features an ability to source 150 mA of output current with 
an input-output differential of 0.6V or less. Familiar 
regulator features such as current limit and thermal over- 
load protection are also provided. 

The low dropout voltage makes the LM330 useful for cer- 
tain battery applications since this feature allows a longer 
battery discharge before the output falls out of regulation. 
For example, a battery supplying the regulator input 
voltage may discharge to 5.6V and still properly regulate 
the system and load voltage. Supporting this feature, the 
LM330 protects both itself and regulated systems from 
negative voltage inputs resulting from reverse installa- 
tions of batteries. 

Other protection features include line transient protection 
up to 26V, when the output actually shuts down to avoid 
damaging internal and external circuits. Also, the LM330 
regulator cannot be harmed by a temporary mirror-image 
insertion. 


■ Input-output differential less than 0.6V 

■ Output current of 150 mA 

■ Reverse battery protection 

■ Line transient protection 

■ Internal short circuit current limit 

■ Internal thermal overload protection 

■ Mirror-image insertion protection 

■ 100% electrical burn-in in the thermal limit 

Vbitage Range 

LM330T-5.0 5V 


Schematic and Connection Diagrams 



(TO-220) 
Plastic Package 


OUTPUT 

GNO 

INPUT 


FRONT VIEW 

Order Number LM330T-5.0 
See NS Package T03B 


GND 

o 
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Absolute Maximum Ratings 





Input Voltage 






Operating Range 

26V 





Line Transient Protection (1000 ms) 40V 





Internal Power Dissipation 

Internally Limited 





Operating Temperature Range 

0°Cto +70°C 





Maximum Junction Temperature 

+ 125 °C 





Storage Temperature Range 

— 65°Cto + 150 °C 





Lead Temperature (Soldering, 10 seconds) + 300 °C 





Electrical Characteristics (Note i) 





Parameter 

Conditions 

Min , 

Typ 

Max 

Units 

V 0 

Output Voltage 

Tj = 25 °C 

4.8 

5 

5.2 

\/ 


Output Voltage 

5 < l 0 < 150 mA 

4.75 


5.25 



Over Temp 

6 < V, N < 26V; 0°C<Tj<100°C 



AV 0 

Line Regulation 

9 < V, N < 16V, l 0 = 5mA 


7 

25 




6 < V, N < 26V, l 0 = 5mA 


30 

60 

mV 


Load Regulation 

5 < l 0 < 150 mA 


14 

50 



Long Term Stability 



20 


mV/1000 hrs 

Iq 

Quiescent Current 

l 0 = 10 mA 


3.5 

7 




l 0 = 50 mA 


5 

11 




l 0 = 150 mA 


18 

40 

mA 


Line Transient 

V IN = 40V, R l = 100ft, 1 sec 






Reverse Polarity 

V, N = - 6V, R l = 100ft 





AIq 

Quiescent Current 
Change 

6 < V 1N < 26V 


10 


% 

V,N 

Overvoltage Shutdown 
Voltage 


26 

30 




Max Line Transient 

100 ms V 0 <5.5V 


60 


v 



1 sec V 0 <5.5V 


50 




Reverse Polarity 

100 ms V 0 > -0.3V R L = 100ft 


-30 




Input Voltage 

DC V 0 > .-0.3V R L = 100ft 


-12 



Output Noise Voltage 

10 Hz-100 kHz 


50 


mV 

Output Impedance 

l 0 = 100 mADC + 10 mArms 


200 


mft 

Ripple Rejection 



56 


dB 

Current Limit 


150 

400 

700 

mA 

Dropout Voltage 

l D = 150 mA 



0.6 

V 


Thermal Resistance 

Junction to Case 


4 


°C/W 



Junction to Ambient 


50 


Note 1: Unless otherwise specified: V|n 

= 14V, 1 0 = 150 mA, Tj = 25°C, Cl =0.1 ^F, C2 = 10 nF. All characteristics except noise voltage and ripple rejection 

are measured using pulse techniques (t w < 10 ms, duty cycle < 5%). Output voltage changes due to changes in internal temperature must be taken into 

account separately. 




' 
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gg Typical Performance Characteristics 

— J Dropout Voltage 


Iq = 150 mA 


l 0 = 50mA| 


0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Low Voltage Behavior 


l 0 = 150 mA 


INPUT VOLTAGE (V) 


Line Transient Response 


uj _ 20 

n 

is 0 
1 1 -20 


T; = 25°C 

"In = 150 mA 

■■SiSS 

■WJH 

■I1KI 

■■■Ml 

■■ilfJH 

■mum 

■ILVJII 

■ITJHB 


MINN 




■■■■■■■ 





40 

2 A 


S 

£>-40 










RIPPLE REJECTION (dB) QUIESCENT CURRENT (mA) OUTPUT CURRENT (mA) 
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Typical Performance Characteristics (Continued) 


Output Impedance 


Overvoltage Supply Current 


Reverse Supply Current 



1 10 100 Ik 10k 100k INI 

FREQUENCY (Hz) 


R L = 1000 
25 I — T: = 25°C . 



20 25 30 35 

INPUT VOLTAGE (V) 


T r 

»5°C 













> 

7 * 





7^ 

















-12 -10 -8 -6 -4 -2 0 

INPUT VOLTAGE (V) 


Output at Reverse Supply 



Output at Overvoltage 


-12 -10 -8 -6 -4 * -2 0 

INPUT VOLTAGE (V) 





i = ZE 

c 














_ — 








Output Voltage (Normalized 
to 5V at Tj = 25°C) 


: -V IN = 14V 

: 4.900 1 1 

-60 -40-20 0 20 40 


INPUT VOLTAGE (V) 


JUNCTION TEMPERATURE (°C) 


Typical Applications 

The LM330 is designed specifically to operate at lower in- 
put to output voltages. The device is designed utilizing a 
power lateral PNP transistor which reduces dropout 
voltage from 2.0V to 0.3V when compared to 1C regulators 
using NPN pass transistors. Since the LM330 can operate 
at a much lower input voltage, the device power dissipa- 
tion is reduced, heat sinking can be simpler and device 


reliability improved through lower chip operating 
temperature. Also, a cost savings can be utilized through 
use of lower power/voltage components. In applications 
utilizing battery power, the LM330 allows the battery 
voltage to drop to within 0.3V of output voltage prior to the 
voltage regulator dropping out of regulation. 


V IN 

UNREGULATED < 
INPUT 


-Win v 0UT U 
I GNO I 


“X Jl'° x 


v 0UT 

O REGULATED 
OUTPUT 
C2** 

10mF 


‘Required if regulator is located far 
from power supply filter. 

*C2 may be either an Aluminum or 
Tantalum type capacitor but must be 
rated to operate at -40°C to guarantee 
regulator stability to that temperature 
extreme. lO^F is the minimum value 
required for stability and may be 
increased without bound. Locate as 
close as possible to the regulation. 



Note: Compared to 1C regulator with 2.0V dropout 
voltage and iQmax. = 6.0mA. 
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Definition of Terms 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further 
reduction in input voltage. Measured when the output 
voltage has dropped 100 mV from the nominal value 
obtained at 14V input, dropout voltage is dependent upon 
load current and junction temperature. 

Input Voltage: The DC voltage applied to the input ter- 
minals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output 
voltage for which the regulator will operate. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made 
under conditions of low dissipation or by using pulse 
techniques such that the average chip temperature is not 
significantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 


Long Term Stability: Output voltage stability under 
accelerated life-test conditions after 1000 hours with 
maximum rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-to-peak input rip- 
ple voltage to the peak-to-peak output ripple voltage. 

Temperature Stability of V 0 : The percentage change in 
output voltage for a thermal variation from room 
temperature to either temperature extreme. 
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LM337L 



National 

Semiconductor 


Voltage Regulators 

PRELIMINARY 


LM337L 3-Terminal Adjustable Regulator 

General Description 


The LM337L is an adjustable 3-terminal negative voltage 
regulator capable of supplying 100 mA over a 1.2V to 37V 
output range. It is exceptionally easy to use and requires 
only two external resistors to set the output voltage. Fur- 
thermore, both line and load regulation are better than 
standard fixed regulators. Also, the LM337L is packaged 
in a standard TO-92 transistor package which is easy to 
use. 

In addition to higher performance than fixed regulators, 
the LM337L offers full overload protection. Included on the 
chip are current limit, thermal overload protection and 
safe area protection. All overload protection circuitry 
remains fully functional even if the adjustment terminal is 
disconnected. 

Features 

■ Adjustable output down to 1.2V 

■ Guaranteed 100 mA output current 

■ Line regulation typically 0.01 %/V 

■ Load regulation typically 0.1 % 

■ Current limit constant with temperature 

■ Eliminates the need to stock many voltages 

■ Standard 3-lead transistor package 

■ 80 dB ripple rejection 

Normally, only a single 1 /*F solid tantalum output capaci- 
tor is needed unless the device is situated far from the 
input filter capacitors, in which case an input bypass is 
needed. A larger output capacitor can be added to improve 
transient response. The adjustment terminal can be by- 
passed to achieve very high ripple rejection ratios which 
aredifficulttoachieve with standard 3-terminal regulators. 


Besides replacing fixed regulators, the LM337L Is useful 
in a wide variety of other applications. Since the regulator 
is “floating” and sees only the input-to-output differential 
voltage, supplies of several hundred volts can be regu- 
lated as long as the maximum input-to-output differential 
is not exceeded. 

Also, it makes an especially simple adjustable switching 
regulator, a programmable output regulator, or by connect- 
ing a fixed resistor between the adjustment and output, 
the LM337L can be used as a precision current regulator. 
Supplies with electronic shutdown can be achieved by 
clamping the adjustment terminal to ground which pro- 
grams the output to 1.2V where most loads draw little 
current. 

The LM337L is packaged in a standard TO-92 transistor 
package. The LM337L is rated for operation over a - 25°C 
to + 125°C range. 

For applications requiring greater output current in ex- 
cess of 0.5A and 1.5A, see LM137 series data sheets. For 
the positive complement, see series LM117 and LM317L 
data sheets. 

Connection Diagram 



V 0UT ^ 


BOTTOM VIEW 

Order Number LM337LZ 
See NS Package Z03A 


Typical Applications 

1.2V- 25V Adjustable Regulator Regulator with Trimmable Output Voltage 



-V0UT= -1-25V (1+ — ) 

\ 2400 / 

tci = 1 /xF solid tantalum or 10^F aluminum electrolytic re- 
quired for stability 

*C2 = 1 fiF solid tantalum is required only if regulator is 
more than 4" from power supply filter capacitor 



Trim Procedure: 

—If Vqut is ~ 23.08V or bigger, cut out R3 (if smaller, don’t 
cut it out). 

—Then if Vqut is -22.47V or bigger, cut out R4 (if smaller, 
don’t). 

—Then if Vqut is - 22.16V or bigger, cut out R5 (if smaller, 
don’t). 

This will trim the output to well within 1% of -22.00 Vqc, 
without any of the expense or trouble of a trim pot (see 
LB-46). Of course, this technique can be used at any output 
voltage level. 
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Absolute Maximum Ratings 

Power Dissipation Internally Limited Operating Junction Temperature Range 

Input-Output Voltage Differential 40V Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 

Electrical Characteristics (Note d 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Line Regulation 

T a = 25°C, 3V < | V| N -Vout 1 ^ 40V, 

(Note 2) 


0.01 

0.04 

%/V 

Load Regulation 

T A = 25 8 C, 5 mA ^ Iout— Imax. (Note 2) 


0.1 

0.5 

% 

Thermal Regulation 

T a = 25°C, 10 ms Pulse 


0.04 

0.2 

%/w 

Adjustment Pin Current 



50 

100 

mA 

Adjustment Pin Current Change 

5 mA^ l L < 100 mA 

3Vs|V in -V O utI^40V 


0.2 

5 

aA 

Reference Voltage 

3V<; | V| N -Vout I ^40V, (Note 3) 

10 mAislouT^lOO mA, P<625 mW 

1.20 

1.25 

1.30 

,V 

Line Regulation 

3V :£ | V, n -V 0 ut 1 ^ 40V, (Note 2) * 


0.02 

0.07 

%/V 

Load Regulation 

5 mAslouT^ 100 mA, (Note 2) 


0.3 

1.5 

% 

Temperature Stability 

1*MIN — 1j — iMAX 


0.65 


% 

Minimum Load Current 

|V 1n -V OU t|s40V 


3.5 

5 

mA 


3V<|V, n -V OU tI^15V 


2.2 

3.5 

mA 

Current Limit 

3Vs|V, n -V 0 utI^13V 

100 

200 

320 

mA 


|V, n -VoutI=40V 

25 

50 

120 

mA 

Rms Output Noise, % of V 0 ut 

T a = 25°C, 10 Hz<f< 10 kHz 


0.003 


% 

Ripple Rejection Ratio 

V 0UT = - 10V, f = 120 Hz, C ADJ = 0 


65 


dB 


C ADJ = 10 nF 

66 

80 


dB 

Long-Term Stability 

T a = 125°C 


0.3 

1 

% 


Note It Unless otherwise specified, these specifications apply -25°C<Tj< +125°C for the LM337L; iVin-VquT! = 5V and loUT = 40 mA. 
Although power dissipation is internally limited, these specifications are applicable for power dissipations up to 625 mW. I^AX is 100 mA - 
Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to 
heating effects are covered under the specification for thermal regulation. 


- 25°Cto +125°C 
-55°C to +150°C 
300°C 


Note 3: Thermal resistance of the TO-92 package is 180°C/W junction to ambient with 0.4 " leads from a PC board and 160°C/W junction to ambient 
with 0.125" lead length to PC board. 
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LM341 Series 



National 

Semiconductor 


Voltage Regulators 


LM341 Series 3 -Terminal Positive Regulators 


General Description 

The LM341-XX series of three terminal regulators is 
available with several fixed output voltages making them 
useful in a wide range of applications. One of these is 
local on card regulation, eliminating the distribution 
problems associated with single point regulation. The 
voltages available allow these regulators to be used in 
logic systems, instrumentation, HiFi, and other solid 
state electronic equipment. Although designed primarily 
as fixed voltage regulators these devices can be used 
with external components to obtain adjustable voltages 
and currents. 

The LM341-XX series is available in the plastic TO-202 
package. This package allows these regulators to deliver 
over 0.5A if adequate heat sinking is provided. Current 
limiting is included to limit the peak output current to 
a safe value. Safe area protection for the output transis- 
tor is provided to limit internal power dissipation. 
If internal power dissipation becomes too high for the 
heat sinking provided, the thermal shutdown circuit 
takes over preventing the 1C from overheating. 


Considerable effort was expended to make the LM341 -XX 
series of regulators easy to use and minimize the number 
of external components. It is not necessary to bypass 
the output, although this does improve transient response. 
Input bypassing is needed only if the regulator is located 
far from the filter capacitor of the power supply. 

For output voltage other than 5V, 12V and 15V the 
LM117 series provides an output voltage range from 
1.2V to 57V. 

Features 

■ Output current in excess of 0.5A 

■ Internal thermal overload protection 

■ No external components required 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in plastic TO-202 package 

■ Special circuitry allows start-up even if output is 
pulled to negative voltage (± supplies) 


Schematic and Connection Diagrams 



Plastic Package 



FRONT VIEW 

Order Numbers 
LM341 P-5.0 
LM341P-12 
LM341P-15 
See Package P03A 

For Tab Bend TO-202 
Order Numbers 
LM34 IP-5.0 TB 
LM341P-12 TB 
LM341P-15 TB 
See Package P03E 
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Absolute Maximum Ratings 

Input Voltage 

(Vo = 5V, 12V, 15V) 35 V 

Internal Power Dissipation (Note 1) Internally Limited 

Operating Temperature Range 0°Cto +70°C 

Maximum Junction Temperature + 125 °C 

Storage Temperature Range - 65 °C to +1 50 °C 

Lead Temperature (Soldering, 10 seconds) + 230 °C 


Electrical Characteristics ta=o°c to 7o°c, 10=500 mA, unless otherwise noted. 


OUTPUT VOLTAGE 

5V 

12V 

15V 

UNITS 

INPUT VOLTAGE (unless otherwise noted) 

10V 

19V 

23V 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Vq Output Voltage 

Tj = 25°C 

4.8 5 5.2 

11.5 12 12.5 

14.4 15 15.6 

V 

Pq < 7.5W, 5mA I q < 500 mA 
and V MiN ^ V| N < VmaX 

4.75 5.25 

(7.5 < V tN < 20) 

11.4 12.6 

(14.8 < V|N < 27) 

14.25 15.75 

(18 < V| N < 30) 

V 

V 

A Vq Line Regulation 

Tj = 25 °C, Iq = 100 mA 

Tj = 25 °C, Iq = 500 mA 

50 

100 

(7.2 < V )N < 25) 

120 

240 

(14.5 < V| N < 30) 

150 

300 

(17.6 < V )N < 30) 

mV 

mV 

V 

A V o Load Regulation 

Tj = 25 °C, 5 mA < Iq < 500 mA 

100 

240 

300 

mV 

A Vq Long Term Stability 


20 

48 

60 

mV/khrs 

Iq Quiescent Current 

Tj = 25 °C 

4 10 

4 10 

4 10 

mA 

A Iq Quiescent Current 
Change 

Tj = 25 °C 

5 mA < lo < 500 mA 

0.5 

0.5 

0.5 

mA 

Tj = 25 °C 

V MIN < V| N < V MA X 

1 

(7.5 < V|N < 25) 

1 

(14.8 < V|N < 30) 

1 

(18 < V| N < 30) 

mA 

V 

V n Output Noise Voltage 

Tj = 25 °C, f = 10 Hz -100kHz 

40 

75 

90 

mV 

AVim 

— Ripple Rejection 

aV OUT 

f = 120 Hz 

78 

71 

69 

dB 

Input Voltage 
Required to 

Maintain Line 
Regulation 

Tj = 25 °C, Iq = 500 mA 

7.2 

14.5 

17.6 

V 


Note 1: Thermal resistance without a heat sink for junction to case temperature is 12°C/W for the TO-202 package. Thermal resistance for 
case to ambient temperature is 70°C/W for the TO-202 package. 
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LM341 Series 


Typical Performance Characteristics 


Maximum Average Power 
Dissipation 



0 15 30 45 60 75 


AMBIENT TEMPERATURE ( C) 
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INPUT-OUTPUT DIFFERENTIAL (V) 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Ripple Rejection 
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Hz 
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3.5 Vrms 
= 500 mA 

5°C 






•out 
T i = z 

PAR' 

= V, N 

r. 



LM78M12CJ9V ] 



















Dropout Voltage 



Output Voltage (Normalized 
to IV at Tj = 25° C) 



0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Quiescent Current 

6.0 
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E 

£ 50 
CC 
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t- 

z 

« 40 

5 
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5 


National 
Semiconductor 
LM342 Series 3-Terminal Positive Regulators 


Voltage Regulators 


General Description 

The LM342-XX series of three terminal regulators is 
available with several fixed output voltages making them 
useful in a wide range of applications. One of these is 
local on card regulation, eliminating the distribution 
problems associated with single point regulation. The 
voltages available allow these regulators to be used in 
logic systems, instrumentation. Hi Fi , and other solid 
state electronic equipment. Although designed primarily 
as fixed voltage regulators these devices can be used 
with external components to obtain adjustable voltages 
and currents. 

The LM342-XX series is available in the plastic TO-202 
package. This package allows these regulators to deliver 
over 0.25A if adequate heat sinking is provided. Current 
limiting is included to limit the peak output current to 
a safe value. Safe area protection for the output transis- 
tor is provided to limit internal power dissipation. If 
internal power dissipation becomes too high for the 
heat sinking provided, the thermal shutdown circuit 
takes over preventing the 1C from overheating. 

Considerable effort was expended to make the LM342-XX 
series of regulators easy to use and minimize the number 


of external components. It is not necessary to bypass 
the output, although this does improve transient response. 
Input bypassing is needed only if the regulator is located 
far from the filter capacitor of the power supply. 

For output voltage other than 5V, 12V and 15V the 
LM117 series provides an output voltage range from 
1.2V to 57V. 

Features 

■ Output current in excess of 0.25A 

■ Internal thermal overload protection 

■ No external components required 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in plastic TO-202 package 

■ Special circuitry allows start-up even if output is 
pulled to negative voltage (± supplies) 

Voltage Range 

LM342-5.0 5V 

LM342-12 12V 

LM342-1 5 15V 


Schematic and Connection Diagrams 



Plastic Package 


O 


unrr 


- GND 
FRONT VIEW 


Order Numbers: 

LM342P-5.0 

LM342P-12 

LM342P-15 

See Package P03A 


For Tab Bend TO-202 
Order Numbers: 
LM342P-5.0 TB 
LM342P-12 TB 
LM342P-15 TB 
See Package P03E 
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LM342 Series 



LM342 Series 


Absolute Maximum Ratings 

Input Voltage 

Vo = 5V 30 V 

Vo = 12V and 15V 35V 

Internal Power Dissipation 

(Note 1) Internally Limited 

Operating Temperature Range 0°Cto +70°C 

Maximum Junction Temperature 125°C 

Storage Temperature Range - 65 °C to + 1 50 °C 

Lead Temperature (Soldering, 10 Seconds) 300°C 


Electrical Characteristics |ta=o°c to +7o°c,' 10=250 m a (Note 2) unless noted. 


OUTPUT VOLTAGE 

5 V 

12V 

15V 

UNITS 

INPUT VOLTAGE (unless otherwise noted) 

10V 

19V 

23 V 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Vq Output Voltage 

(Note 3) 

Tj =25°C 

4.8 5 5.2 

11.5 12 12.5 

14.4 15 15.6 

V 

1 mA < Iq < 250 mA and 

V MIN < V IN < V MAX 

4.75 5.25 

(7.5 < V| N < 20) 

11.4 12.6 

(14.8 < V|N < 27) 

14.25 15.75 

(18 < V iN < 30) 

V 

V 

AVq Line Regulation 

Tj = 25 °C, Iq = 250 mA 

55 

(7.3 < V )N < 25) 

100 

(14.6 < V| N < 30) 

100 

(17.7 < V tN < 30) 

mV 

V 

AVq Load Regulation 

Tj = 25 °C, 1 m A Iq < 250 m A 

50 

120 

150 

mV 

AVq Long Term Stability 


20 

48 

60 

mV/khrs 

Iq Quiescent Current 

Tj = 25 °C 

6 

6 

6 

mA 

AIq Quiescent Current 
Change 

Tj = 25 °C, 1 mA< l 0 < 250 mA 

0.5 

0.5 

0.5 

mA 

Tj = 25°C, V M |N < V|N < V M AX 

1.5 

(7.3 < V IN < 25) 

1.5 

(14.6 < V| N < 30) 

1.5 

(17.7 < V|N< 30) 

< > 

E 

V n Output Noise Voltage 

Tj = 25°C, f = 10 Hz-10 kHz 

40 

* 96 

120 

mV 

AVinj 

— Ripple Rejection 

av 0 ut 

f = 120 Hz 

50 64 

44 58 

42 56 

dB 

Input Voltage 

Required to Maintain 
Line Regulation 

Tj = 25 °C, l 0 = 250 mA 

• 

7.3 

14.6 

i 

17.7 

1 

V 


Note 1: Thermal resistance of the TO-202 package (P) without a heat sink is 12° C/W junction to case and 80°C/W juntion to ambient. 
Note 2: The electrical characteristics data represent pulse test conditions with junction temperatures as shown at the initiation of tests. 
Note 3: The temperature coefficient of Vqut * s typically within 0.01% Vo/°C. 
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Typical Performance Characteristics 


Maximum Average Power 

Dissipation (TO-202 Package) Peak Output Current Dropout Voltage 



0 15 30 45 60 75 0 5 10 15 20 25 30 5 0 25 50 75 100 125 150 

AMBIENT TEMPERATURE (°C) INPUT-OUTPUT DIFFERENTIAL (V) JUNCTION TEMPERATURE (°C) 


Ripple Rejection Ripple Rejection Output Impedance 
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100k 
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OUTPUT VOLTAGE (V) 



FREQUENCY (Hz) 



FREQUENCY (Hz) 


Quiescent Current Quiescent Current 



INPUT VOLTAGE (V) 


0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 




LM342 Series 


Typical Applications 


Fixed Output Regulator 



•Required if the regulator is located far from power 
supply filter 

••Although not required, C2 does improve transient 
response. (If needed, use 0.1 ;uF ceramic disc.) 


High Output Voltage Regulator 



•Necessary if regulator is located far from the power supply filter 
**D3 aids in full load start-up and protects the regulator during short 
circuits from high input to output voltage differentials 


Adjustable Output Regulator 


±15V, 250 mA Dual Power Supply 



V Q = 5V + (5V/R1 + Iq) R2 

5V/R1 > 3Iq, Load Regulation (Lr) = 
[ (R 1 + R2)/R1 ] • (L r of LM342-05) 



Variable Output Regulator 0.5V - 18V 



VquT = V G + 5V, R1 = ( — V | |\,/Iq LM342) 

V 0 UT = 5V(R2/R4) for (R2 + R3) = (R4 + R5) 

A 0.5V output will correspond to (R2/R4) = 0.1, (R3/R4) = 0.9 
•Solid tantalum 
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National 

Semiconductor 


Voltage Regulators 


LM723/LM723C Voltage Regulator 


General Description 


The LM723/LM723C is a voltage regulator design- 
ed primarily for series regulator applications. By 
itself, it will supply output currents up to 1 50 mA; 
but external transistors can be added to provide 
any desired load current. The circuit features ex- 
tremely low standby current drain, and provision 
is made for either linear or foldback current limit- 
ing. Important characteristics are: 

■ 150 mA output current without external pass 
transistor 

■ Output currents in excess of 10A possible by 
adding external transistors 


■ Input voltage 40V max 

■ Output voltage adjustable from 2V to 37V 

■ Can be used as either a linear or a switching 
regulator. 

The LM723/LM723C is also useful in a wide range 
of other applications such as a shunt regulator, a 
current regulator or a temperature controller. 

The LM723C is identical to the LM723 except 
that the LM723C has its performance guaranteed 
over a 0°C to 70°C temperature range, instead of 
-55° C to +1 25°C. 


\ 


Schematic and Connection Diagrams* 

DuaMn-Line Package 



NC 

CURRENT LIMIT 
CURRENT SENSE 
INVFRTING INPUT 

NON INVERTING 
INPUT 



FREQUENCY 

COMPENSATION 


Order Number LM723CN 
See NS Package N14A 
Order Number LM723J or LM723CJ 
See NS Package J14A 


Metal Can Package 



NON INVERTING 


Note: Pin 5 connected to case. 


TOP VIEW 


Equivalent Circuit * 



Order Number LM723H or LM723CH 
See NS Package H10C 


*Pin numbers refer to metal can package. 
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LM723/LM723C 



LM723/LM723C 


Absolute Maximum Ratings 








Pulse Voltage from V + to V" (50 ms) 50V 








Continuous Voltage from V + to V" 

40V 








Input-Output Voltage Differential 

40V 








Maximum Amplifier Input Voltage (Either Input) 7,5V 

Maximum Amplifier Input Voltage (Differential) 5V 








Current from V 2 

25 mA 








Current from V REF 

15 mA 








Internal Power Dissipation Metal Can (Note 1) 800 mW 








Cavity DIP (Note 1) 900 mW 

Molded DIP (Note 1) 660 mW 








Operating Temperature Range LM723 -55°C to +125°C 








LM723C 0°C to +70°C 








Storage Temperature Range Metal Can -65°C to +150°C 








DIP 

-55°C to +125 C 








Lead Temperature (Soldering, 10 sec) 300°C 








Electrical Characteristics (Note 2> 











LM723 


LM723C 


PARAMETER 

CONDITIONS 







UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Line Regulation 

V| N = 12V to V IN = 15V 


.01 

0.1 


.01 

0.1 

% VoUT 


-55°C < T a <+125°C 



0.3 




% v OUT 


°° C < T a< + 70°C 






0.3 

% VoUT 


V tN = 12V to V tN = 40V 


.02 

0.2 


0.1 

0.5 

% v OUT 

Load Regulation 

l L = 1 mA to l L = 50 mA 


.03 

0.15 


.03 

0.2 

% v OUT 


-55°C<T a <+125°C 



0.6 




%V OUT 


0 ° c <Ta< = +70°C 






0.6 

%V OUT 

Ripple Rejection 

f = 50 Hz to 10 kHz, C REF =0 


74 



74 


dB 


f = 50 Hz to 10 kHz, C REF = 5/uF 


86 



86 


dB 

Average Temperature 

-55°C < T A < +125°C 


.002 

.015 




%/°C 

Coefficient of Output Voltage 

0°C < T A < +70°C 





.003 

.015 

%/°c 

Short Circuit Current Limit 

Rsc = 1012, Vqut = 0 


65 



65 


mA 

Reference Voltage 


6.95 

7.15 

7.35 

6.80 

7.15 

7.50 

V 

Output Noise Voltage 

BW = 100 Hz to 10 kHz, C REF = 0 


20 



20 


juVrms 


BW = 100 Hz to 10 kHz, C REF = 5jitF 


2.5 



2.5 


juVrms 

Long Term Stability 



0.1 



0.1 


%/1000 hrs 

Standby Current Drain 

1 u = 0, V, n = 30V 


1.3 

3.5 


1.3 

4.0 

mA 

Input Voltage Range 


9.5 


40 

9.5 


40 

V 

Output Voltage Range 


2.0 


37 

2.0 


37 

V 

Input-Output Voltage Differential 


3.0 


38 

3.0 


38 

V 

Note 1 : See derating curves for maximum power rating above 25°C. 








Note 2: Unless otherwise specified, T/\ = 25°C, V| j\j = V = Vq = 12V, V~ = 

0 . VquT = 5V ' 



lj_ = 1 mA, R§c = 0, C-j = 100 pF, Cref = 0 and divider impedance as seen 

by error amplifier 



< 10 k£2 connected as shown 

in Figure 1. Line and load regulation specifications are given for the 



condition of constant chip temperature. Temperature drifts must be taken into account separately 



for high dissipation conditions. 









Note 3: L-| is 40 turns of No. 20 enameled copper wire wound on 

Ferroxcube P36/22-3B7 pot core 



or equivalent with 0.009 in. air gap. 








Note 4: Figures in parentheses may be used if R1 /R2 divider is placed on opposite input of error amp. 



Note 5: Replace R1/R2 in figures with divider shown in Figure 13. 
Note 6: V + must be connected to a +3V or greater supply. 








Note 7: For metal can applications where V7 is required, an external 6.2 volt zener diode should be 



connected in series with Vquj. 
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Maximum Power Ratings 


LM723 

Power Dissipation vs 
Ambient Temperature 


Power Dissipation vs 
Ambient Temperature 




-55 -25 0 25 50 75 100 125 150 

T a AMBIENT TEMPERATURE (°C) 


-55 -25 0 25 50 75 100 125 150 

T a AMBIENT TEMPERATURE (°C) 


Typical Performance Characteristics 


Load Regulation 
Characteristics with 
Current Limiting 


Load Regulation 
Characteristics with 
Current Limiting 


Load & Line Regulation vs 
Input-Output Voltage 
Differential 
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LM723/LM723C 



TABLE I RESISTOR VALUES (kft) FOR STANDARD OUTPUT VOLTAGE 


APPLICABLE 

FIGURES 



Outputs from +7 to +37 volts 

[ Figures 2, 4, (5, 6, 9, 12)] 


Outputs from -6 to -250 volts 
l Figures 3, 8, 10] 


Foldback Current Limiting 

f Vour R3 Vsense (R3 + R4) 
1 R SC R4 R SC R4 


, Vsense v R3+R4 


Typical Applications 



TYPICAL PERFORMANCE 

5~P2 ,or minimum temperature drift. Regulated Output Voltage 5V 

Line Regulation (AV tN = 3V) 0.5 mV 

Lead Regulation (Al L = 50 m A) 1 .5 mV 

FIGURE 1. Basic Low Voltage Regulator 
(VquT = 2 to 7 Volts) 



R3 may be eliminated for minimum ci 


TYPICAL PERFORMANCE 
Regulated Output Voltage 
Line Regulation (AV tN = 3V) 1 

Load Regulation (Al L = 50 mA) t 


FIGURE 2. Basic High Voltage Regulator 
(V 0 UT = 7 to 37 Volts) 



TYPICAL PERFORMANCE 
Regulated Output Voltage -15V 

Line Regulation (AV, N = 3V) 1 mV 

Load Regulation (Al L = 1 00 mA) 2 mV 

FIGURE 3. Negative Voltage Regulator 



TYPICAL PERFORMANCE 
Regulated Output Voltage +15V 

Line Regulation (AV tN = 3V) 1.5 mV 

Load Regulation (Al L = 1A) 15 mV 

FIGURE 4. Positive Voltage Regulator 
(External NPN Pass Transistor) 


i6 
















Typical Applications (Continued) 



Regulated Output Voltage +5V 

Line Regulation (AV tN = 3V) 0.5 mV 

Load Regulation (Alt. = 1A) 5 mV 

FIGURE 5. Positive Voltage Regulator 
(External PNP Pass Transistor) - 



Regulated Output Voltage +5V 

Line Regulation (AV|jg = 3V) 0.5 mV 

Load Regulation (AI L = 10 mA) 1 mV 

Short Circuit Current 20 mA 


FIGURE 6. Foldback Current Limiting 


V 



TYPICAL PERFORMANCE 


Regulated Output Voltage +50V 

Line Regulation (AV )n = 20V) 1 5 mV 

Load Regulation (Al u = 50 mA) 20 mV 

FIGURE 7. Positive Floating Regulator 



Regulated Output Voltage +5V 

Line Regulation (AVin = 30V) 10 mV 

Load Regulation (Al L = 2A) 80 mV 

FIGURE 9. Positive Switching Regulator 



Regulated Output Voltage -100V 

Line Regulation (AV| N = 20V) 30 mV 

Load Regulation (aI l = 100 mA) 20 mV 

FIGURE 8. Negative Floating Regulator 



Regulated Output Voltage -15V 

Line Regulation (AV tN * 20V) 8 mV 

Load Regulation (AI L 5 2 A) 6 mV 

FIGURE 10. Negative Switching Regulator 



Note: Current limit transistor may be 
used for shutdown if current 
limiting is not required. 


Regulated Output Voltage +5V 

Line Regulation (AV| N = 3V) 0.5 mV 

Load Regulation (AIl = 50 mA) 1.5 mV 


FIGURE 11. Remote Shutdown Regulator with 
Current Limiting 



Regulated Output Voltage 
Line Regulation (AV tN = 10V) 
Load Regulation <Ali_ = 100 mA) 


+5V 
0.5 mV 
1.5 mV 


FIGURE 12. Shunt Regulator 


FIGURE 13. Output Voltage 
Adjust (See Note 5) 
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LM723/LM723C 






L Ml 524/ 

LM2524/LM3524 




National 
Semiconductor 

LM1 524/LM2524/LM3524 
Regulating Pulse Width Modulator 


Voltage Regulators 


General Description 

The LM1524 series of regulating pulse width modulators 
contains all of the control circuitry necessary to imple- 
ment switching regulators of either polarity, transformer 
coupled DC to DC converters, transformerless polarity 
converters and voltage doublers, as well as other power 
control applications. This device includes a 5V voltage 
regulator capable of supplying up to 50 mA to external 
circuitry, a control amplifier, an oscillator, a pulse width 
modulator, a phase splitting flip-flop, dual alternating 
output switch transistors, and current limiting and shut- 
down circuitry. Both the regulator output transistor and 
each output switch are internally current limited and, to 
limit junction temperature, an internal thermal shut- 
down circuit is employed. The LM1524 is rated for 
operation from -55°C to +125°C and is packaged in 
a hermetic 16-lead DIP (J). The LM2524 and LM3524 
are rated for operation from 0°C to +70°C and are 


packaged in either a hermetic 16-lead DIP (J) or a 

16-lead molded DIP (N). 

Features 

■ Complete PWM power control circuitry ' 

■ Frequency adjustable to greater than 100 kHz 

■ 2% frequency stability with temperature 

■ Total quiescent current less than 10 mA 

■ Dual alternating output switches for both push-pull 
or single-ended applications 

■ Current limit amplifier provides external component 
protection 

■ On-chip protection against excessive junction temper- 
ature and output current 

■ 5V, 50 mA linear regulator output available to user 



Dual-In-Line Package 



Order Number LM1524J, LM2524J 
or LM3524J 
See NS Package J16A 

Order Number LM2524N 
or LM3524N 
See NS Package N16A 
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Absolute Maximum Ratings 








Input Voltage 

40V 

Maximum Junction Temperature 



Reference Voltage, Forced 

6V 

(J Package) 





150°C 

Reference Output Current 

50 mA 

(N Package) 





125°C 

Output Current (Each Output) 

100 mA 

Storage Temperature Range 


-65° C to +150°C 

Oscillator Charging Current (Pin 6 or 7) 5 mA 

Lead Temperature (Soldering, 10 seconds) 

300° C 

Internal Power Dissipation (Note 1) 
Operating Temperature Range 

1W 








LM1524 

-55° C to +125°C 








LM2524/LM3524 

0°C to +70° C 








Electrical Characteristics 








Unless otherwise stated, these specifications apply for Ta = _ 55°C to +125°C for the LM1524 and 0°C to +70°C for the 
LM2524 and LM3524, V ||\| = 20V, and f = 20 kHz. Typical values other than temperature coefficients, are atTA = 25°C. 




LM1524/ 


LM3524 



PARAMETER 

CONDITIONS 


LM2524 




UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Reference Section 









Output Voltage 


4.8 

5.0 

5.2 

4.6 

5.0 

5.4 

V 

Line Regulation 

V|N = 8— 40V 


10 

20 


10 

30 

mV 

Load Regulation 

l[_ = 0—20 mA 


20 

50 


20 

50 

mV 

Ripple Rejection 

f = 120 Hz, T A = 25° C 


66 



66 


dB 

Short-Circuit Output Current 

VREF = 0, Ta=25°C 


100 



100 


mA 

Temperature Stability 

Over Operating Temperature Range 


0.3 

1 


0.3 

1 

% 

Long Term Stability 

T A = 25° C 


20 



20 


mV/khr 

Oscillator Section 









Maximum Frequency 

Cj = 0.001 /iF, Rj = 2kf2 


350 



350 


kHz 

Initial Accuracy 

■ R j and Cj constant 


5 



5 


% 

Frequency Change with Voltage 

V| N = 8-40V,T A = 25°C 



1 



1 

% 

Frequency Change with Temperature 

Over Operating Temperature Range 



2 



2 

% 

Output Amplitude (Pin 3) 

T A = 25° C 


3.5 



3.5 


V 

Output Pulse Width (Pin 3) 

Cj = 0.01 /uF,T A = 25°C 


0.5 



0.5 


/us 

Error Amplifier Section 









Input Offset Voltage 

V C M = 2.5V 


0.5 

5 


2 

10 

mV 

Input Bias Current 

V C M = 2.5V 


2 

10 


2 

10 

aa 

Open Loop Voltage Gain 


72 

80 


60 

80 


dB 

Common-Mode Input Voltage Range 

T A = 25° C 

1.8 


- 3.4 

1.8 


3.4 

V 

Common-Mode Rejection Ratio 

T A = 25° C 


70 



70 


dB 

Small Signal Bandwidth 

Ay = 0 dB, T A = 25°C 


3 



3 


MHz 

Output Voltage Swing 

T A = 25° C 

0.5 


3.8 

0.5 


3.8 

V 

Comparator Section 









Maximum Duty Cycle 

% Each Output ON 

45 



45 



% 

Input Threshold (Pin 9) 

Zero Duty Cycle 


1 



1 


V 

Input Threshold (Pin 9) 

Maximum Duty Cycle 


3.5 



3.5 


V 

Input Bias Current 



-1 



-1 


aa 

Current Limiting Section 









Sense Voltage 

V(Pin 2)“V(Pin l)>50mV, 

Pin 9 = 2V, Ta = 25° C 

190 

200 

210 

180 

200 

220 

mV 

Sense Voltage T.C. 



0.2 



0.2 


mV/°C 

Common-Mode Voltage 


-0.7 


1 

- 0.7 


1 

V 

Output Section (Each Output) 









Collector-Emitter Voltage 


40 



40 



V 

Collector Leakage Current 

V C E = 40V 


0.1 

50 


0.1 

50 

AA 

Saturation Voltage 

Iq = 50 mA 


1 

2 


1 

SEIH 

V 

Emitter Output Voltage 

V|N = 20V, Ie'= -250 juA 

17 

18 


17 

18 

tm 

V 

Rise Time (10% to 90%) 

R C = 2 kft, T A = 25°C 


0.2 



0.2 


AS 

Fall Time (90% to 10%) 

R C = 2 k ft, T A = 25° C 


o.i ! 

1 



0.1 

1 

AS 

Total Standby Current 

V|m = 40V, Pins 1, 4, 7, 8, 11 
and 14 are grounded, Pin 2 = 2V, 

All Other Inputs and Outputs Open 


5 

10 


5 

1 

mA 

Note 1: For operation at elevated temperatures, devices in the J package must be derated based on a thermal resistance of 1 00° C/W, junction 1 

j to ambient, and devices in the N package must be derated based on a thermal resistance of 150° C/W, junction to ambient. 
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Typical Performance Characteristics 


Maximum Average Power 
Dissipation (J Package) 



-75 -50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 


Maximum Average Power 
Dissipation (N Package) 


f0. A = 150°C/W 

. 


- 



— 



























= 




















0 15 30 45 60 75 

T A - AMBIENT TEMPERATURE (°C) 


3.B 

3.6 

3.4 

3.2 


1.2 

1.0 

0.8 

0.4 


Output Transistor Saturation 
Voltage 



-75 -50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 


Output Transistor Emitter 
Voltage 



-75 -50 -25 0 25 50 75 100 125 

T A - AMBIENT TEMPERATURE (°C) 



Standby Current 



5 10 15 20 25 30 35 40 


Standby Current 



-75 -50 -25 0 25 50 75 100 125 


220 

1 210 

S 

§ 200 

o 

> 

| 190 

o 180 
> 


170 


V| N - INPUT VOLTAGE (V) 


T a - AMBIENT TEMPERATURE (°C) 


Maximum and Minimum 
Duty Cycle Threshold 
Voltage 


MAXIMUM DUTY CYCLE 



V| N = 8-40V 
R t = 6k 
C T = 0.01 a f 


- i — 1 - I I 1 

MINIMUM DUTY CYCLE 



-75 -50 -25 0 25 50'" 75 100 125 

T A - AMBIENT TEMPERATURE (°C) 


Reference and Switching 
Transistor Peak Output 
Current 



_ V )N = 8 -40V 

REFERENCE OUTPUT, AV 0 = 100 mV 
SWITCHING OUTPUT, V CE >2.5V 

i - i I I I I I 

-75 -50 -25 0 25 50 75 100 125 

T A - AMBIENT TEMPERATURE (°C) 


Current Limit Sense Voltage 

(Vpin4“ Vpin 5) 



-75 -50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 
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Test Circuit 



Functional Description 

INTERNAL VOLTAGE REGULATOR 

The LM3524 has on chip a 5V, 50 mA, short circuit 
protected voltage regulator. This voltage regulator 
provides a supply for all internal circuitry of the device 
and can be used as an external reference. 

For input voltages of less than 8V the 5V output should 
be shorted to pin 15, V 1 1 \|, which disables the 5V regu- 
lator. With these pins shorted the input voltage must 
be limited to a maximum of 6V. If input voltages of 
6— 8V are to be used, a pre-regulator, as shown in 
Figure 1 , must be added. 



^Minimum C Q of 10 /xF required for stability. 

FIGURE 1 


OSCILLATOR 

The LM3524 provides a stable on-board oscillator. Its 
frequency is set by an external resistor, Rj and capac- 
itor, Cj. A graph of Rj, Cj vs oscillator frequency is 
shown in Figure 2. The oscillator's output provides the 
signals for triggering an internal flip-flop, which directs 
the PWM information to the outputs, and a blanking 
pulse to turn off both outputs during transitions to 
ensure that cross conduction does not occur. The width 
of the blanking pulse, or dead time, is controlled by the 
value of Cj, as shown in Figure 3. The recommended 


values of Rj are 1.8 k£2 to 100 k£2, and for Cj, 
0.001 fif to 0.1 nF. 


= 

— 

i.MMMfVlPilVJi 


m ai'ii 
ft rm 

marttv 



TTTTI r 

■■r.inrji 

fi 

m utA 



UUMM 

mwAW.m 


F 1 ill 



t&tawa 

w 

4 i If! 

I c T = o.i 

05 ^17i 

Ai 

Wf 

\umrm 

TO rm. 

4 

mi 

c 

rm 
r = 0.0 

TTT1 

P 


It 

|) 

mwA 

WWa 

\ 

m 

EE 

EE: 


m 

rji 

Ml 

Mirari 

s 

w m in 
'4 ■ III 

— 

~ 



5! 

\\u\\7A 

rj 

■ S ill 


l 


Wit 

'41 

VAWWi 

m 

Hill 


l 


mi 

fi 

vm 

E 

■■■mi 

r its 


C T = 

O.C 

111 

n r/ 

II 1 1 

inis 

0.05 piF 

imn 


1 2 5 10 20 50 100 200 500 Ik 

OSCILLATOR PERIOD (/xs) 
FIGURE 2 
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Functional Description (Continued) 

ERROR AMPLIFIER 

The error amplifier is a differential input, transcon- 
ductance amplifier. Its gain, nominally 80 dB, is set by 
either feedback or output loading. This output loading 
can be done with either purely resistive or a combination 
of resistive and reactive components. A graph of the 
amplifier's gain vs output load resistance is shown in 
Figure 4. 

The output of the amplifier, or input to the pulse width 
modulator, can be overridden easily as its output 
impedance is very high (Z Q ~ 5 M£X). For this reason 
a DC voltage can be applied to pin 9 which will override 
the error amplifier and force a particular duty cycle to 
the outputs. An example of this could be a non-regu- 
lating motor speed control where a variable voltage was 
applied to pin 9 to control motor speed. A graph of the 
output duty cycle vs the voltage on pin 9 is shown in 
Figure 5. 

The amplifier's inputs have a common-mode input range 
of 1.8V— 3.4V. The on board regulator is useful for 
biasing the inputs to within this range. 


CURRENT LIMITING 

The function of the current limit amplifier is to over- 
ride the error amplifier's output and take control of the 
pulse width. The output duty cycle drops to about 
25% when a current limit sense voltage of 200 mV is 
applied between the +Cl and -Cl terminals. Increasing 
the sense voltage approximately 5% results in a 0% 
output duty cycle. Care should be taken to ensure the 
-0.7V to +1.0V input common-mode range is not 
exceeded. 


OUTPUT STAGES 

The outputs of the LM3524 are NPN transistors, ca- 
pable of a maximum current of 100 mA. These tran- 
sistors are driven 180° out of phase and have non- 
committed open collectors and emitters as shown in 
Figure 6. 



10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 



1 1.5 2 2.5 3 3.5 4 

VOLTAGE ON PIN 9 (V) 


FIGURE 4 


FIGURE 5 
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Typical Applications (Continued) 


Rf 


DESIGN EQUATIONS 



BASIC SWITCHING REGULATOR THEORY AND 
APPLICATIONS 


The basic circuit of a step-down switching regulator 
circuit is shown in Figure 12, along with a practical 
circuit design using the LM3524 in Figure 15. 

The circuit works as follows: Q1 is used as a switch, 
which has ON and OFF times controlled by the pulse 
width modulator. When Q1 is ON, power is drawn from 
V||\| and supplied to the load through LI; Va is at 
approximately V||\|, D1 is reverse biased, and C 0 is 


charging. When Q1 turns OFF the inductor LI will 
force V A negative to keep the current flowing in it, 
D1 will start conducting and the load current will flow 
through D1 and LI. The voltage at V A is smoothed by 
the LI, C G filter giving a clean DC output. The current 
flowing through LI is equal to the nominal DC load 
current plus some Al|_ which is due to the changing 
voltage across it. A good rule of thumb is to set 
A/ Lp-p —40% !q- 


V SAT 



FIGURE 12. Basic Step-Down Switching Regulator 
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Typical Applications (Continued) 

dj V L T 

From the relation Vi = L — , All— 

d t LI 

AI L + = (V|N ~ Vq) tQN AIl~= Vp tQFF 
— , — 

Neglecting VsAT, Vq, and settling Al|_ + = Al[_ ; 


where T = Total Period 


Solving the above for LI 

_ 2.5V 0 (V {N -V 0 ) 

IqV|N f 

where: LI is in Henrys 

f is switching frequency in Hz 

CALCULATING OUTPUT FILTER CAPACITOR C Q : 

Figure 14 shows Li's current with respect to Ql's 
tON a nd toFF times - This curre nt must flow to the 
load and C Q . C 0 's current will then be the difference 
between 1 1 _, and l G . 



The above shows the relation between V||\j, V 0 and 
duty cycle. 


VON + tOFF/ 


hN(DC) = lOUT(DC) 
as Q1 only conducts during tON- 
PIN = l|N(DC)V|N = Oo(DC)) 


( — -)V| N 

VON +tOFF/ 


Pq ~ •oVq 


The efficiency, 17 , of the circuit is: 

Po IqVq 


??MAX = 


Pin >o(tON)V|N + (VSATtQN + VpitOFF) >o 
T T ~ ~~ 


Vn 


Vp t 1 


for V$AT = Vqi = IV. 


Ic 0 = Il _ >o 


From Figure 14 it can be seen that current will be 
flowing into C G for the second half of tON through the 
first half of tOFF« or a dm® ^ fON^ + tOFF/2. The 
current flowing for this time is AI|_/4. The resulting 
AV C or AV 0 is described by: 



Since Al l = 


V 0 (T- tON) 
__ 


and tQN : 


VqT 

V|N 



= (V|N-Vq) VqT 2 
8V| N C 0 L1 


or 


77 MAX will be further decreased due to switching losses 
in Q1. For this reason Q 1 should be selected to have 
the maximum possible fj, which implies very fast rise 
and fall times. 

where: C is in farads, T is , 

CALCULATING INDUCTOR LI switching frequency 


(VlN-Vo)Vo T 2 
8AV 0 V||\|L1 


(AI L + )* LI 

t0N ~ — — - , t 0 FF 


(Al L -) • LI 


(V|N-V 0 ) 


tON + tQFF = T^ 


(AI L + ) • LI (Al|_") * LI 
1 (V|N-Vj~ 4 ‘ 

0.4I o L1 


V 0 

0.4l o L1 


(V|N-V 0 ) 


Since Al [_ = Al = 0.4l o 


AV 0 is p-p output ripple 


The inductor's current cannot be allowed to fall to 
zero, as this would cause the inductor to saturate: For 
this reason some minimum l Q is required as shown 
below: 


lo(MIN) 


(V|N ~ Vq) tQN 
2L1 


( V I N ~ Vq) Vq 
2fV||s|L1 




FIGURE 14 
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Typical Applications (Continued) 


A complete step-down switching regulator schematic, 
using the LM3524, is illustrated in Figure 15. Transis- 
tors Q1 and Q2 have been added to boost the output 
to 1A. The 5V regulator of the LM3524 has been 
divided in half to bias the error amplifier's non-inverting 
input to within its common-mode range. Since each 
output transistor is on for half the period, actually 
45%, they have been paralleled to allow longer possible 
duty cycles, up to 90%. This makes a lower possible 
input voltage. The output voltage is set by: 

V 0 -V N , 


where V(vj| is the voltage at the error amplifier's non* 
inverting input. 

Resistor R3 sets the current limit to: 


200 mV 200 mV 

= = 1 ,3A. 

R3 0.15 


Figure 16 and 17 show a PC board layout and stuffing 
diagram for the 5V, 1A regulator of Figure 15. The 
regulator's performance is listed in Table I. 


R1 

5k 



* Mounted to Staver Heatsink No. V5-1. 

Q1 = BD344 
Q2 = 2N5023 

LI = > 40 turns No. 22 wire on Ferroxcube No. K300502 Torroid core. 


FIGURE 15. 5V, 1 Amp Step-Down Switching Regulator 
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Typical Applications (continued) 

TABLE I 


PARAMETER 

CONDITIONS 

TYPICAL 

CHARACTERISTICS 

Output Voltage 

V|N = 10V, l c = 1 A 

5V 

Switching Frequency 

VlN = 10V, l 0 = 1 A 

20 kHz 

Short Circuit 

Current Limit 

V|N = 10V 

1.3A 

Load Regulation 

V | [\j = 10V, 
l 0 = 0.2 — 1 A 

3 mV 

Line Regulation 

AV|n = 10 -20V, 
lo= 1A 

6 mV 

Efficiency 

V 1 1\| - 10V, l 0 = 1 A 

80% 

Output Ripple 

V|N * 10V, l 0 = 1 A 

10 mVp p 




FIGURE 17. Stuffing Diagram, Component Side. 
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Typical Applications (Continued) 


THE STEP-UP SWITCHING REGULATOR 

Figure 18 shows the basic circuit for a step-up switching 
regulator. In this circuit Q1 is used as a switch to alter- 
nately apply V|[\| across inductor LI. During the time, 
toN* Q1 is ON and energy is drawn from V|j\] and 
stored in L1;D1 is reverse biased and l 0 is supplied from 
the charge stored in C 0 . When Q1 opens, tOFF» voltage 
VI will rise positively to the point where D1 turns 


ON. The output current is now supplied through L1,D1 
to the load and any charge lost from C D during tON is 
replenished. Here also, as in the step-down regulator, 
the current through LI has a DC component plus some 
Al[_. Al[_ is again selected to be approximately 40% 
of lj_. Figure 19 shows the inductor's current in relation 
to Ql's ON and OFF times. 




FIGURE 18. Basic Step-Up Switching Reguiator 



FIGURE 19 
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Typical Applications (Continued) 


C At VlT a i + VlNtON 

From All = , All ~ 

L L LI 


. .. - (V 0 -V|N)tOFF 

and All — 

LI 

Since AIl + = AIl" , V|r\)tON = V o t0FF ~ V|r\|tOFF, 
and neglecting V$aT and Vdi 


The above equation shows the relationship between 
V||\|, V Q and duty cycle. 

In calculating input current I IN (DC)/ which equals the 
inductor's DC current, assume first 100% efficiency: 


p IN = l|N(DC)V|N 

p OUT= l 0 V 0 = l 0 V|n(i + — — ’ ) 
V tOFF / 

for i? = 100%, Pout = pin 

/ *on \ 

l 0 V|N(1+ 1=«IN(DC)V|N 


/ *ON \ 

H + j = |, N ( DC) V|N 

\ tOFF / 

, /, t ON \ 

- I 0 1 1 + I 

\ tOFF/ 


l|N(DC) = I 


This equation shows that the input, or inductor, current 
is larger than the output current by the factor (1 + tof\|/ 
tQFF)- Since this factor is the same as the relation 
between V 0 and V||\|, l||\|(DC) can also he expressed as: 


MlN(DC) = lot 


So far it is assumed r\ = 100%, where the actual effi- 
ciency or i?MAX will be somewhat less due to the 
saturation voltage of Q1 and forward on voltage of D1. 
The internal power loss due to these voltages is the 
average l|_ current flowing, or l||\j, through either 
VSAT or Vqi- ^ or VSAT = Vp-) = IV this power 
loss becomes !||\|(DC) (IV). r?MAX is then: 


Pin V 0 I 0 + I|N(1V) 


/ tON \ 

V 0 lo + loll + , ) 

\ tOFF/ 


(i + ™Y 

V tOFF/ 


From V 0 = V|N 

T"~ ^ 


This equation assumes only DC losses, however t?max 
is further decreased because of the switching time of 
Q1 and D1. 

In calculating the output capacitor C Q it can be seen 
that C Q supplies l G during tON- The voltage change on 
C Q during this time will be some AV C = AV 0 or the 
output ripple of the regulator. Calculation of C Q is: 

AW JotON „ _(otON 
C 0 ° AV 0 


From V 0 = Vjn( ); tOFF = — ~T 

TOFF/ V 0 


where T = tQN + tQFF = * 


tON = T - 


'lN T /Vo“V|n\ 

T = Tl ) therefore: 

/o \ V 0 / 


> 

1 

o 

> 

l 0 (Vo-V|N) 

\ Vo / = 

fAV 0 V 0 

> 

< 

o 



where: C 0 is in farads, f is the switching frequency, 
AV 0 is the p-p output ripple 

Calculation of inductor LI is as follows: 


, „ V|NtON , . 

LI = — — j- , since during tQN/ 


V||\| is applied across LI 

AlLp.p = 0.41 L = 0.41 in = 

, „ V|NtON . . T(V 0 “ V|N) 

LI s and since tON = 

/ V 0 \ V 0 

0. 4| o ( — — J 
\V|N/ 


2.5V| N ^(V 0 -V,m) 


where :L1 is in henrys, f is the switching frequency in Hz 
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Typical Applications (Continued) 

To apply the above theory, a complete step-up switch- 
ing regulator is shown in Figure 20. Since V||\| is 5V, 
Vref is tied to V||\]. The input voltage is divided by 
2 to bias the error amplifier's inverting input. The 
output voltage is: 

»OUT-(l.^) , V l „„.2. 5 .( , .5i) 

The network D1, Cl forms a slow start circuit. 

This holds the output of the error amplifier initially 
low thus reducing the duty-cycle to a minimum. Without 
the slow start circuit the inductor may saturate at 
turn-on because it has to supply high peak currents 
to charge the output capacitor from OV. It should 


also be noted that this circuit has no supply rejection. 
By adding a reference voltage at the non-inverting 
input to the error amplifier, see Figure 21 , the input 
voltage variations are rejected. 

The LM3524 can also be used in inductorless switching 
regulators. Figure 22 shows a polarity inverter which 
if connected to Figure 20 provides a -15V unregulated 
output. 

MOTOR SPEED CONTROL 

Figure 23 shows a regulating series DC motor speed 
control circuit using the LM3524 for the control and 
drive for the motor and the LM2907 as a speed sensor 
for the feedback network. 


R2 

12k 




FROM JUNCTION 
OF LI, 02 


, “'! F 1NS14B 
CTION k m 1 ^ 

LI. D2 W I |TlT 
1N914bT 0.1 

GND 0—4— 


m 

T T 


v @25mA 
IOOmF 

O GND 


FIGURE 21 


FIGURE 22 
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FIGURE 23. Motor Speed Control 


Typical Applications (Continued) 






National 

Semiconductor 


Voltage Regulators 


LH1605/LH1605C 

5 Amp, High Efficiency Switching Regulator 


General Description 


Features 


The LH1605 is a hybrid switching regulator wjth high 
output current capability. It incorporates a temperature- 
compensated voltage reference, a duty cycle modulator 
with the oscillator frequency programmable, error ampli- 
fier, high current-high voltage output switch, and a power 
diode. The LH1605 can supply up to 5 A or output current 
over a wide range of regulated output voltages. 


■ Step down switching regulator 

■ Output adjustable from 3.0 to 30V 

■ 5 A output current 

■ High efficiency 

■ Frequency adjustable to 100kHz 

■ Standard 8-pin TO-3 package 


Block Diagram and Connection Diagram 



CASE IS GROUND 



Order Number LH1605K or LH1605CK 
See NS Package K08A 
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Absolute Maximum Ratings 


V|N 

Input Voltage 

35V Max. 

•out 

Output Current 

6A 

Tj 

Operating Temperature 

150°C 

Pd 

Internal Power Dissipation 

20W 

Ta 

Operating Temperature Range 



LH1605C 

-25°C to +85°C 


LH1605 

-55°C to +125°C 

Tstg 

Storage Temperature Range 

-65°Cto +150°C 

V R (V 8 - 7 ) Steering Diode Reverse Voltage 

60V 

•d 07-8) 

Steering Diode Forward Current 

6A 


Electrical Characteristics T c = 25°C, V| N = 15V unless otherwise specified. 


Symbol 

Characteristics 

Conditions 

LH1605 

LH1605C 

Units 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

V OUT 

Output Voltage Range 

V, n ^Vout + 5V 

I 0U t = 2A (Note 2) 

3.0 


30 

3.0 


30 

V 

v s 

Switch Saturation Voltage 

0 0 

11 ll 

N> Ol 

b b 
> > 


1.5 

1.0 

2.0 

1.2 


1.5 

1.0 

2.0 

1.2 

Vf 

Steering Diode On 

Voltage 

l D = 5.0A 
l D = 2.0A 


2.0 

1.6 

2.8 

2.0 


2.0 

1.6 

2.8 

2.0 

V|N 

Supply Voltage Range 


10 


35 

10 


35 

•r 

Steering Diode Reverse 
Current 

Vr = 25 V 


0.1 

10.0 


0.1 

10.0 

M A 

•q 

Quiescent Current 

I OU t = 0.2A (Note 3) 

50% Duty Cycle 


30 



30 


mA 

0% Duty Cycle (V 3 = 3.0V) 


6 



6 


100% Duty Cycle (V 3 = 0V) 


46 



46 


v 2 

Reference Voltage on Pin 2 


2.42 

2.50 

2.58 


2.50 


V 

Tmin < T a < T MA x 

2.40 

2.50 

2.60 


2.50 


av 2 /at 

V 2 Temperature Coefficient 



100 



100 


ppm/°C 

A V 2 

Line Regulation of 

Reference Voltage on Pin 2 

10V < V| N < 35V 

T MIN < T A < T M AX 


20 

30 


20 


mV 

v 3 

Voltage on Pin 3 

(Note 4) 


2.45 

.2.50 

2.55 


2.50 


V 

Tmin < T c < T M ax 

2.42 

2.50 

2.58 


2.50 


v 4 

Voltage Swing — Pin 4 



3.0 



3.0 


V 

U 

Charging Current — Pin 4 



70 



7Q 


P*A 

AR a /AT 

Resistance Temp. Coeff. 



75 



75 


ppm/°C 

tr 

Voltage Rise Time 

V OUT = 10V j^I^A 


350 

500 



350 

500 


ns 

t f 

Voltage Fall Time 

v out=i°v 


300 

400 



300 

400 



Storage Time 

V O ut = 10V 
•out = 5.0A 


1.5 



1.5 


MS 

td 

Delay Time 


100 



100 


ns 

Pd 

Power Dissipation 

Vout = 10V 
•out = 5.0A 


16 



16 


W 

n 

Efficiency 


75 



75 


% 

0 JC 

Thermal Resistance 



5.0 



5.0 


°C/W 


Note 1: 0ja is typically 30°C/W for natural convection cooling. 

Note 2: Vqut and Iout refer to the output DC voltage and output current of a switching supply after the output LC filter as shown in the 
Typical Application circuit. 

Note 3: Quiescent current depends on the duty cycle of the switching transistor. The average quiescent current may be calculated 
from known operating parameters. 

Note 4: Voltage on pin 3 is tested by applying a +5.0Vdc voltage through a precision 2.0 kQ resistor to pin 3. This method combines the 
error due to the input bias current of the error amplifier, and the tolerance of the 2k Q resistor from pin 3 to ground. 

Note 5: The input offset voltage of the error amplifier is wafer tested to a maximum of lOmV. 
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VREF -reference voltage AT PIN 2 (V) POWER dissipation (W) 


Typical Performance Characteristics 


Power Derating Curve 



Frequency vs. Timing 
Capacitance 



100 1,000 10,000 


Frequency vs. 
Temperature 



-75 -50-25 0 25 50 75 100 125 15C 


TEMPERATURE fC) 

Reference Voltage 



£ 

OC 

CC 


Cj-TIMING CAPACITOR (pF) 


Quiescent Current vs. 
Input Voltage 
(0% Duty Cycle) 



TC, CASE TEMPERATURE (°C) 

Quiescent Current vs. 
input Voltage 



81012 14161820 22 2426283032343638 


Tc, CASE TEMPERATURE (°C) 


INPUT VOLTAGE (V) 


INPUT VOLTAGE (VOLTS) 


Line Transient Response 
(Test Circuit) 



0 100 200 300 400 500 

TIME ( M s) 


Load Transient Response 



Ripple Rejection vs. 
Frequency 



10 100 IK 10K 


FREQUENCY (Hz) 


Switch Saturation 
Voltage vs. Collector 
Current 



Diode Forward Voltage 
vs. Forward Current 



0.1 1.0 10 


Quiescent Current vs. 

Temperature 

(0% Duty Cycle) 



IC— COLLECTOR CURRENT (A) 


ID— DIODE FORWARD CURRENT (A) 


TC, CASE TEMPERATURE (°C) 
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Typical Performance Characteristics (continued) 

Quiescent Current vs. 

Temperature Switch Saturation 

(100% Duty Cycle) 


-75 -50-250 25 50 75 100 125 150175 
TC, CASE TEMPERATURE (°C) 
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1 L, \ 1 


-75 -50-25 0 25 50 75 100 125 150 

TC, CASE TEMPERATURE (°C) 


Diode Forward Saturation 
Voltage vs. Temperature 


an 


-75 -50-25 0 25 50 75 100 125150 

TC, CASE TEMPERATURE (°C) 


1 IN OUT 

LH1605 AMP IN 



VREF ^-i 

DIODE 

Cl GND 

nr- 

CASE + 

J 

"f500pF T 


3 7.5kQ 

2 


J r 7 4 |CASE . 

TsoV ±0 T 10 "' 


* SPRAGUE TYPE 672D 


Test Circuit for Typical Characteristic Curves 


VOUT = (2.50V) ^1 + -||L^ or R S = 2kQ ^ V 0UJ- . ?: 5V ^ 

Typical Application 



Pre-Regulator Power Distribution System 


LM130 
IN OUT 
GND 


I 

1 

LM130 

IN OUT 

GND 

a 

— 1 — 


II 

1 

LM130 

IN OUT 

GND 

1 1 













Applications Information 


Output Voltage Programming 


A single resistor is required to set the supply output 
voltage. The value may be computed using the following 
relationship: 


R s = 2kQ 


Vq UT -2.5V 

2.5V 


The internal 2kQ resistor connected between pin 3 and 
ground has a typical tolerance of ±1% and a typical 
temperature coefficient of ±75ppm/°C. Thus the overall 
supply tolerance may be computed given the tolerance 
of the reference voltage at pin 2. 


Short Circuit Protection 

Permanent damage to the device will result under pro- 
longed (>10ms) short circuit condition. Current limit 
protection may be added using the circuit shown in the 
following figure: 

Heat Sink Considerations 

Even at moderate output power, there will be significant 
self-heating due to internal power dissipation. The junc- 
tion temperature rise must be kept below 150°C under 
all operating conditions. A useful expression for steady- 
state thermal design is given below: 

r, T J(MAX) “ Ta(MAX) 

PdISS " 9 jc + 0 C s + 0 S a 


where: 

Tj(max) = Maximum allowable junction temperature, 
°C. 

Ta(max) = Maximum ambient operating temperature, °C. 
0 jc = Device junction-to-case thermal 
resistance, typically 4.5°C/W. 

0cs = Case-to-heatsink thermal resistance in °C/W. 
0sa = Heatsink-to-ambient thermal resistance 
in °C/W. 

Typically, the case-to-heatsink thermal resistance de- 
pends on the interface materials used. The following 
list gives the expected values for various materials: 


0.002" thick insulating Mica, 
without thermal grease 1.20°C/W 

with thermal grease 0.35°C/W 

0.003" thick insulating Mica, 
without thermal grease 1 .30°C/W 

with thermal grease 0.38°C/W 

Bare joint, 

without thermal grease 0.50°C/W 

with thermal grease 0.15°C/W 


Most heatsink manufacturers do provide the heatsink- 
to-ambient thermal resistance, under convection as 
well as forced-air cooling. A partial list of the hardware 
is included in the back of the data sheet. 

Reference Voltage Bypass 

Because of the inherent high current switching nature 
of the device, switching spikes can find their way into 
the linear amplifier circuit. Output noise and ripple 
voltage can be, improved drastically by bypassing the 
reference voltage pin with a IOjuF solid tantalum capa- 
citor connected from pin 2 to ground. 

Minimization of Output Voltage Spikes 

The best solution to minimize switching spike noise can 
be found in laying out the circuit. An input single-point 
ground and an output single-point ground should be 
used. The schematic is shown in the typical application ' 
circuit. Where high current flows, conductor trace should 
be as wide as possible. 

The ripple current frequency is usually in the order of tens 
of kilohertz, therefore the input and output filter capaci- 
tors should be of low ESR (Equivalent Series Resistance) 
type over extended frequency range in order to minimize 
noise generation. They should be of high quality con- 
struction with ratings sufficient to withstand current 
and voltage surges. Generally, selecting a capacitor with 
a working voltage rating that is a minimum of 10V above 
the worst-case operating voltage is recommended. 

The output can be filtered further by means of a vary high 
frequency n-filter network using inexpensive ferrite beads. 
An example is shown in the figure below. Because the fre- 
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quency of the noise spike ranges typically from 50 to over 
100 MHz, the ferrite bead selected should have its impe- 
dance peak in that region. One or more beads may be 
strung in series on the wire to increase the peak im- 
pedance as well as to increase the absorption loss to the 
higher frequencies. This would also minimize parasitic 
oscillation. 



* FERRONICS TYPE J CORE MATERIAL 
FERROXCUBE TYPE 4A6 CORE MATERIAL 

RFI/EMI Suppression 

High frequency radiation can be an important system 
consideration, particularly if the surrounding circuitry is 
sensitive to it. Metallic shielding around the switching 
circuitry is an effective means of suppression. A per- 
forated metal cover works well both to contain radiation 
and to allow unrestricted convection cooling. Grounded 
conductor plane on the PC board also helps fully en- 
close the critical circuits. 

Metallic shield is generally adequate in shielding the 
magnetic field radiated around the magnetic compo- 
nents. A more effective design is the use of the self- 
shielding property of ferrite pot core, which acts as EMI 
shield around the coil winding. Magnetic flux leakage of 
this type is minimal. 

Design Guide 

Efficiency Calculation 

The design of a complete voltage regulator with the 
LH1605 is relatively straightforward. The efficiency of a 
regulator can be calculated with the following equations: 

Efficiency (n) = (1) 


Transistor DC Losses (P T ) = I 0 ut x Vs 


*ON +t0FF 


Diode DC Losses (P D ) = 1 0 ut x V s 


tON +tOFF 


Drive Circuit Losses (D, ) = ^ x — — 

300 toN + toFF 

Switching Losses Transistor (P s ) = 
w ~ . .... lr +t f 


VfN X Iqut 


2(toN + t 0 FF) 


Transistor Duty Cycle = — — = ^i!I (6) 

tON+toFF V, N 

Diode Duty Cycle = — — = 1 - (7) 

toN+toFF V, N 

Power Inductor (Pl)=I^utxRl (winding resistance) (8) 
v out *out „ 


Diode Duty Cycle = - 


Design Procedure 

Given five design requirements of the switching regulator: 

1. Maximum and minimum input voltage. 

2. Required output voltage. 

3. Maximum and minimum load current. 

4. Maximum allowable ripple voltage. 

5. Desired switching frequency. 

The values of the output LC filter can be computed. First, 
the off-time of the switching transistor is calculated. 

1 Vout 

toFF = VlN(MAX) 0°) 

f 

The minimum equivalent frequency of the switching 
transistor at minimum input voltage is: 


t MIN= v IN(MIN) in) 

*OFF 

The allowable peak-to-peak ripple current (Ai) through 
the inductor is: 

Ai=2xl 0 (MIN) ( 12 ) 

The inductance can now be calculated by: 

, _ VoUTtoFF 7 Mi 

L -~ ~~ <13> 

The value calculated for Ai is somewhat arbitrary. 
However, equation 12 is a good rule of thumb. Thus Ai 
may be adjusted to obtain a practical value for the 
inductance. 

The minimum output filter capacitance is given by: 


8 x fwiN x Aeo v 

where Aeo is the allowable ripple voltage. 

Finally, the maximum ESR of the capacitor is: 

ESR MA x = ~-t‘ ( 15 ) 

Ai 

Inductor Design 

One last bit of information, LI 2 , must be calculated in 
order to determine the minimum usable inductor core 
without core saturation. The L is the inductance obtained 
from equation 13, and I is the maximum DC output cur- 
rent in the inductor, which equals Io(max) + a ‘* With the 
values of L and the product LI 2 known, one can select 
the optimum magnetic core from the core manufacturer 
catalogues. Several magnetic material manufacturers 
offer full lines of easily obtainable components. Refer to 
the last page of this data sheet for a partial list of manu- 
facturers. A few vendors offer simplified design guides, 
such as the Magnetics Inc. Technical Bulletin Number 
SR-1, which makes a useful reference for any switching 
power system designer. 


Efficiency (n)= 


Vout Iqut + Pt + Pd + Dl + P s + P l 


x 100 (9) 
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At this point, the designer must choose the core material 
type. There are two popular types — moiypermalloy 
powder and ferrite cores. Both offer advantages depend- 
ing on cost, space limitations, winding capabilities, and 
size for a given operating frequency. 

Ferrite pot cores have the advantages of ease of winding 
and inherent magnetic self-shielding, whereas moiy- 
permalloy powder cores are made of insulated embrittled 
alloy powder which provides a uniformly distributed air 
gap. The effect is that the latter is capable of higher flux 
density for a given core size than ferrite core. 

Once the core is selected, the number of winding turns 
N can be determined to obtain the required inductance: 

N = lOOOv/L/l^ooo (16) 

where: 

N = number of turns needed. 

L = inductance desired. 

Liooo = nominal inductance (mH/1000 turns) for a 
given core specifed by the manufacturers. 

Design Example 

Design requirements: 

Vin ( max) = 15V 
V IN(MIN) = 10V 
V 0U t = 5V 
•o(MAX) = 3A 
•o(MIN)= 1A 

Output Ripple (Ae o ) = 20mV 
Operating Frequency (f) = 25kHz 
Using equations 10 through 15: 


The power handling capability of the inductor is calcu- 
lated: 


where: 

L= Inductor 

I = Peak current in the inductor 

= l0(MAX) + Ai 

LI 2 = (67 M H) (3 A + 2 A) 2 = 1.68 millijoules 

Assuming moiypermalloy powder core is chosen for the 
design, and using the Core Selection Table in the Mag- 
netic, Inc. Technical Bulletin Number SR-1, the minimum 
core size usable with minimum winding is Part Number 
55894, which is a 60 perm core. Since the 125 perm of 
the same core size family is very popular and conse- 
quently of lower cost, the 55930 part is selected for the 
design. The specified nominal inductance is 157 mH per 
1000 turns. The numer of turns is calculated from equa- 
tion 16: 

N = 1000 =21 turns 

\j 157 mH 

Using the Frequency vs. Timing Capacitor Plot, a 0.001 /jF 
capacitor is used in order to obtain the 25 kHz operating 
frequency. 

Finally, the output of 5V is programmed by computing 
the output voltage-set resistor: 


R s = 2kQ 


Vout - 2.5V 


The complete design is shown in the schematic below: 


t 0FF = 15V = 26.7 /us 

25 kHz 

1--^ 

f MIN = 10V = 18.7kHz 

26.7 M s 
Ai = 2x 1A = 2A 
l= 5Vx2^ 

2A 


2 2k Q 


-100 F F -1 

>5 ° v 1 o.ooTf 


VOUT 

lt1000/iF I 


8x 18.7kHz x20mV 


= 668juF Minimum 


^ 20x10- 3 

ESRmax = 2 = 10 


V| N = 12V Output Ripple (@ l 0 = 1A) = 50mV P . P 
Vout = 5 V (@ l 0 = 3A) = 100mV P . P 

Load Regulation (1A to 3A) = 30mV 
Line Regulation (10V to 20V) = 10mV 


1-169 


LH1605/LH1605C 




LM2930 


National Voltage Regulators 

Semiconductor 

LM2930 3-Terminal Positive Regulator 

General Description Features 

■ Input-output differential less than 0.6V 

■ Output current in excess of 150 mA 

■ Reverse battery protection 

■ 40V load dump protection 

■ Internal short circuit current limit 

■ Internal thermal overload protection 

■ Mirror-image insertion protection 

■ 100% electrical burn-in in thermal limit 

Voltage Range 

LM2930T-5.0 5V 
LM2930T-8.0 8V 


Fixed outputs of 5V and 8V are available in the plastic 
TO-220 power package. 

Schematic and Connection Diagrams 


The LM2930 3-terminal positive voltage regulator features 
an ability to source 150 mA of output current with an input- 
output differential of 0.6V or less. Efficient use of low input 
voltagesobtained, for example, from an automotive battery 
during cold crank conditions, allows 5V circuitry to be prop- 
erly powered with supply voltages as low as 5.6V. Familiar 
regulator features such as current limit and thermal 
overload protection are also provided. 

Designed primarily for automotive applications, the 
LM2930 and all regulated circuitry are protected from 
reverse battery installations or 2 battery jumps. During line 
transients, such as a load dump (40V) when the input 
voltage to the regulator can momentarily exceed the 
specified maximum operating voltage, the regulator will 
automatically shut down to protect both internal circuits 
and the load. The LM2930 cannot be harmed by temporary 
mirror-image insertion. 
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Absolute Maximum Ratings 

Input Voltage Internal Power Dissipation (Note 1) Internally Limited 

Operating Range 26V Operating Temperature Range -40°Cto+85°C 

Overvoltage Protection 40V Maximum Junction Temperature 125 °C 

Reverse Voltage (100ms) -12V Storage Temperature Range -65“Cto +150“C 

Reverse Voltage (DC) -6V s M „ 

Lead Temperature (Soldering, 10 seconds) 230 °C 

Electrical Characteristics (Note 2 ) 

LM2930T-5.0 (V|n = 14V, Iq = 150 mA, Tj = 25°C, C2 = 10/iF, unless otherwise specified) 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Output Voltage 

6V<V|n< 26V,5 mA<lo<150 mA, 

4.5 

5 

5.5 

V 


-40°C<Tj< + 125°C 





Line Regulation 

9V< V|N < 16V, l 0 = 5 mA 


7 

25 

mV 


6V<V|n< 26V, lo = 5mA 


30 

80 

mV 

Load Regulation 

5 mA<lo^150 mA 


14 

50 

mV 

Output Impedance 

100 mAoc & 10 mArms, 100 Hz-10 kHz 


200 


mft 

Quiescent Current 

lO = 10 mA 


4 

7 

mA 


IO = 150 mA 


18 

40 

mA 

Output Noise Voltage 

10 Hz-100 kHz 


140 


fA/rms 

Long Term Stability 



20 


mV/1000 hr 

Ripple Rejection 

f 0 =120 Hz 


56 


dB 

Current Limit 


150 

400 

700 

mA 

Dropout Voltage 

lO = 150 mA 


0.32 

0.6 

V 

Output Voltage Under 

-12V<V|n<40V, Rl = 100ft 

-0.3 


5.5 

V 

Transient Conditions 






Electrical Characteristics (Note 2 ) 





LM2930T-8.0 (V|N = 14V, lo 

= 150 mA, Tj = 25°C, C2 = 10^F, unless otherwise specified) 



Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Output Voltage 

9.4V < V | n ^ 26V, 5 m A < 1 0 ^ 1 50 m A, 

7.2 

8 

8.8 

V 


- 40 °C < Tj < + 1 25 °C 





Line Regulation 

9.4V <V| N < 16V, l 0 = 5mA 


12 

50 

mV 


9.4V < V| N < 26V, l 0 = 5 mA 


50 

100 

mV 

Load Regulation 

5 mA< Iq< 150 mA 


25 

50 

mV 

Output Impedance 

100 mApC & 10 mArms, 100 Hz-10 kHz 


300 


mft 

Quiescent Current 

lO = 10 mA 


4 


mA 


IO = 150 mA 


18 


mA 

Output Noise Voltage 

10 Hz-100 kHz 


170 


/iVrms 

Long Term Stability 



30 


mV/1000 hr 

Ripple Rejection 

f 0 = 120 Hz 


52 


dB 

Current Limit 


150 

400 


mA 

Dropout Voltage 

10 = 150 mA 


0.32 

0.6 

V 

Output Voltage Under 

-12V<V|n< 40V, R|_ = 100ft 

-0.3 


8.8 

V 

Transient Conditions 






Note 1: Thermal resistance without a heat sink for junction to case temperature is 4 °C/W and for case to ambient temperature is 50°C/W. 


Note 2: All characteristics are measured with a capacitor across the input of 0.1 fiF and a capacitor across the output of 10 /iF. All characteristics except noise 

voltage and ripple rejection ratio are measured using pulse techniques (t w s10 ms, duty cycles 5%). Output voltage changes due to changes in internal 

temperature must be taken into account separately. 
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RIPPLE REJECTION (dB) QUIESCENT CURRENT (mA) OUTPUT CURRENT (mA) 



V,N-V 0U t = 9V 
fn = 120 Hz 


OUTPUT CURRENT (mA) 


LM2930 
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Typical Performance Characteristics (Continued) 


Output Impedance 


Overvoltage Supply Current 


Reverse Supply Current 



1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 



20 25 30 35 40 

INPUT VOLTAGE (V) 



-12 -10 -8 -6 -4 -2 0 

INPUT VOLTAGE (V) 


Output at Reverse Supply 


Output at Overvoltage 


Output Voltage (Normalized 
to IV at Tj = 25°C) 



-12 -10 -8 -6 -4 -2 0 

INPUT VOLTAGE (V) 




30 35 40 - 40-20 0 20 40 60 80 100 120 140 

INPUT VOLTAGE (V) JUNCTION TEMPERATURE (°C) 


Typical Application 


LM2930 



‘Required if regulator Is located far 
from power supply filter. 

“C2 may be either an Aluminum or 
Tantalum type capacitor but must be 
rated to operate at -40°C to guarantee 
regulator stability to that temperature 
extreme. 10^F is the minimum value 
required for stability and may be 
increased without bound. Locate as 
close as possible to the regulation. 
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Definition of Terms 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further 
reduction in input voltage. Measured when the output 
voltage has dropped '100 mV from the nominal value 
obtained at 14V input, dropout voltage is dependent upon 
load current and junction temperature. 

Input Voltage: The DC voltage applied to the input ter- 
minals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output 
voltage for which the regulator will operate. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made 
under conditions of low dissipation or by using pulse 
techniques such that the average chip temperature is not 
significantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 


Long Term Stability: Output voltage stability under 
accelerated life-test conditions after 1000 hours with 
maximum rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current.The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-to-peak input rip- 
ple voltage to the peak-to-peak output ripple voltage. 

Temperature Stability of V Q : The percentage change in 
output voltage for a thermal variation from room 
temperature to either temperature extreme. 


Maximum Average Power 
Dissipation 



Q 10 20 30 40 50 60 70 80 90 


AMBIENT TEMPERATURE (°C) 
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LM2931 Series 



National 

Semiconductor 


Voltage Regulators 


LM2931 Series Low Dropout Regulators 


General Description 

The LM2931 positive voltage regulator features a very low 
quiescent current of 1 mA or less when supplying 10 mA 
loads. This unique characteristic and the extremely low 
input-output differential required for proper regulation 
(0.2V for output currents of 10 mA) make the LM2931 the 
ideal regulator for standby power systems. Applications 
include memory standby circuits, CMOS and other low 
power processor power supplies as well as systems 
demanding as much as 150 mA of output current. 

Designed primarily for automotive applications, the 
LM2931 and all regulated circuitry are protected from 
reverse battery installations or 2 battery jumps. During 
line transients, such as a load dump (60V) when the input 
voltage to the regulator can momentarily exceed the 
specified maximum operating voltage, the regulator will 
automatically shut down to protect both internal circuits 
and the load. The LM2931 cannot be harmed by temporary 
mirror-image insertion. Familiar regulator features such 
as short circuit and thermal overload protection are also 
provided. 

Fixed output of 5V is available in the plastic TO-220 power 
package or the popular TO-92 package. An adjustable out- 
put version, with on/off switch, is available in a 5-lead 
TO-220 package. 


Features 

■ Very low quiescent current 

■ Output current in excess of 150 mA , 

■ Input-output differential less than 0.6V 

■ Reverse battery protection 

■ 60V load dump protection 

■ -50V reverse transient protection 

■ Short circuit protection 

■ Internal thermal overload protection 

■ Mirror-image insertion protection 

■ Available in plastic TO-220 or TO-92 

■ Available as adjustable with TTL compatible switch 

Output Voltage Options 

LM2931AT-5.0 5V LM2931AZ-5.0 5V 

LM2931T Adjustable 

(Contact factory for other fixed output options.) 


Schematic and Connection Diagrams 



TO-220 3-Lead 


3 OUT 
DGND 
DIN 


FRONT VIEW 

Order Number LM2931AT-5.0 
See NS Package T03B 



TO-92 



BOTTOM VIEW 


Order Number LM2931AZ-5.0 
See NS Package Z03A 


TO-220 5-Lead 


P-T 


o. 

^ z 


FRONT VIEW 


5 OUT 
ID IN 
GND 

ZD 0N/0FF 
5 ADJUST 


Order Number LM2931T 
See NS Package T05A 
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Absolute Maximum Ratings 

Input Voltage 

Operating Range 26 V 

Overvoltage Protection 

LM2931A, LM2931 Adjustable 60V 

Internal Power Dissipation (Note 1) Internally Limited 

Electrical Characteristics for 5V 

(V )N = 14V, l 0 = 10 mA, Tj = 25 °C unless otherwise specified) 


Operating Temperature Range - 40 °C to + 85 °C 

Maximum JunctionTemperature 125 °C 

Storage Temperature Range - 65 °C to + 150 °C 

Lead Temperature (Soldering, 10 seconds) 230 °C 


Parameter 

Conditions 

LM2931A-5.0 


Min 

Typ 

Max 

U,1 ' lS 

Output Voltage 

6.0V <V| N < 26V, l 0 ^ 150 mA,' 

-40°CsT J s +125°C 

4.75 

5 

5.25 

V 

Line Regulation 

9VsV, N s16V 


2 

10 

mV 


6VsV (N s26V 


4 

30 

mV 

Load Regulation 

5 mA<l o <150 mA 


14 

50 

mV 

Output Impedance 

100 mA oc and 10 mArms, 100 Hz-10 kHz 


200 


mO 

Quiescent Current 

lo^lOmA, 6V< V (N <26V, 

-40°C<Tj< + 125°C 


0.4 

1 

mA 


l 0 = 150 mA, V IN = 14V, Tj = 25°C 


15 


mA 

Output Noise Voltage 

10 Hz-100 kHz 


500 


/iVrms 

Long Term Stability 



20 


mV/1000 hr 

Ripple Rejection 

f 0 = 120 Hz 


80 


dB 

Dropout Voltage 

l 0 = 10 mA 


0.05 

0.2 

V 


l 0 = 150 mA 


0.3 

0.6 

V 

Maximum Operational 

Input Voltage 


26 

33 


V 

Maximum Line Transient 

R L = 500«, V 0 s5.5V 

60 

70 


V 

Reverse Polarity Input 

Voltage, DC 

V 0 > -0.3V 

-15 

-30 


V 

Reverse Polarity Input 

Voltage, Transient 

1% Duty Cycle, 7 < 100 ms 

-50 

-80 


V 


Electrical Characteristics for Adjustable 

(V !N >V out + 0.6V, l 0 = 10 mA, Tj = 25°C unless otherwise specified) 


Parameter 

Conditions 

LM2931T 

Units 

Min 

Typ 

Max 

Reference Voltage 

l 0 s 150 mA, - 40°C< 7j< + 125°C, R1 = 27k 
Measured from V 0 ut to Adjust Pin 

1.12 

1.20 

1.28 

V 

Output Voltage Range 

R1 =27k 

3 


24 

V 

Line Regulation 

Vour + 0.6 V ^V, N ^ 26V 


0.2 

1.5 

mVA/ 

Load Regulation 

5 mA<l o <150 mA 


0.3 

1 

% 

Output Impedance 

100 mA DC and 10 mArms, 100 Hz-10 kHz 


40 


mO/V 

Quiescent Current 

l 0 = 10 mA, -40°C< Tj< + 125°C 


0.4 

1 

mA 


| 0 = 150 mA 


15 


mA 


During Shutdown R L = 5001} 


0.8 

1 

mA 

Output Noise Voltage 

10 Hz-100 kHz 


100 


/tVrmsA/ 

Long Term Stability 



0.4 


%/1000 hr 

Ripple Rejection 

f 0 = 120 Hz 


0.002 


%/V 

Dropout Voltage 

lo^10 mA 


0.05 

0.2 

V 


lo = 150 mA 


0.3 

0.6 

V 

Maximum Operational Input 
Voltage 


26 

33 


V 

Maximum Line Transient 

lo = 10 mA, Reference Voltage< 1.5V 

60 

70 


V 

Reverse Polarity Input 

Voltage, DC 

V 0 s: -0.3V 

-15 

-30 


V 

Reverse Polarity Input 

Voltage, Transient 

1 % Duty Cycle, 7 < 100 ms 

-50 

-80 


V 

On/Off Threshold Voltage 

-40°CsTj< + 125°C 





On 



2.0 

1.2 

V 

Off 


£o 

2.2 


V 

On/Off Threshold Current 



20 

50 



Note 1: Thermal resistance without a heat sink for junction to case temperature is 4°C/W (TO-220) and 55' 
ambient temperature is 50°C/W. Thermal resistance for T0-92 case to ambient with 0.125" lead length to 


C/W (T0-92). Thermal resistance for TO- 
PC board is 105°C/W and with 0.4" lead 


•220 case to 
is 125°C/W. 
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Definition of Terms 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further reduc- 
tion in input voltage. Measured when the output voltage 
has dropped 100 mV from the nominal value obtained at 
14V input, dropout voltage is dependent upon load current 
and junction temperature. 

Input Voltage: The DC voltage applied to the input ter- 
minals with respect to ground. 

Input-Output Differential: The voltage difference between 
the unregulated input voltage and the regulated output 
voltage for which the regulator will operate. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made 
under conditions of low dissipation or by using pulse 
techniques such that the average chip temperature is not 
significantly affected. 


Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 

Long Term Stability: Output voltage stability under 
accelerated life-test conditions after 1000 hours with max- 
imum rated voltage and junction temperature. 

Output Noise Voltage: The rms AC voltage at the output, 
with constant load and no input ripple, measured over a 
specified frequency range. 

Quiescent Current: That part of the positive input current 
that does not contribute to the positive load current. The 
regulator ground lead current. 

Ripple Rejection: The ratio of the peak-to-peak input ripple 
voltage to the peak-to-peak output ripple voltage. 

Temperature Stability of V 0 : The percentage change in 
output voltage for a thermal variation from room 
temperature to either temperature extreme. 
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17WA National 
mm Semiconductor 

LM78XX Series Voltage Regulators 

General Description 


Voltage Regulators 


The LM78XX series of three terminal regulators is 
available with several fixed output voltages making them 
useful in a wide range of applications. One of these is 
local on card regulation, eliminating the distribution 
problems associated with single point regulation. The 
voltages available allow these regulators to be used in 
logic systems, instrumentation, Hi Fi, and other solid 
state electronic equipment. Although designed primarily 
as fixed voltage regulators these devices can be used 
with external components to obtain adjustable voltages 
and currents. 

The LM78XX series is available in an aluminum TO-3 
package which will allow over 1.0A load current if 
adequate heat sinking is provided. Current limiting is 
included to limit the peak output current to a safe value. 
Safe area protection for the output transistor is provided 
to limit internal power dissipation. If internal power 
dissipation becomes too high for the heat sinking 
provided, the thermal shutdown circuit takes over 
preventing the 1C from overheating. 

Considerable effort was expended to make the LM78XX 
series of regulators easy to use and minimize the number 


of external components. It is not necessary to bypass the 
output, although this does improve transient response. 
Input bypassing is needed only if the regulator is located 
far from the filter capacitor of the power supply. 

For output voltage other than 5 V, 12V and 15V the 
LM117 series provides an output voltage range from 
1.2V to 57V. 

Features 

■ Output current in excess of 1A 

■ Internal thermal overload protection 
Q No external components required 

■ Output transistor safe area protection 
n Internal short circuit current limit 

a Available in the aluminum TO-3 package 


Voltage Range 

LM7805C 5V 
LM7812C 12V 

LM7815C 15V 


Schematic and Connection Diagrams 


Metal Can Package 
TO-3 (K) 
Aluminum 




Order Numbers 
LM7805CK 
LM7812CK 
LM7815CK 
See Package KC02A 


Plastic Package 
TO-220 (T) 



Order Numbers: 
LM7805CT 
LM7812CT 
LM7815CT 
See Package T03B 
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LM78XX Series 


Absolute Maximum Ratings 


Input Voltage (Vo = 5V, 12V and 15V) 
Internal Power Dissipation (Note 1) 
Operating Temperature Range (Ta) 


35V 

Internally Limited 


Maximum Junction Temperature 
(K Package) 

(T Package) 

Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 
TO-3 Package K 
TO-220 Package T 


0°Cto +70 °C 

150°C 
125°C 
-65°Cto +150 °C 


300 °C 
230 °C 


Electrical Characteristics LM78XXC (Note 2) 0°C < Tj < 125 °C unless otherwise noted. 


OUTPUT VOLTAGE 

5V 

12V 

15V 

UNITS 

INPUT VOLTAGE (unless otherwise noted) 

10V 

19V 

23V 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Vq Output Voltage 

Tj = 25 °C, 5mA< l 0 < 1A 

4.8 5 5.2 

11.5 12 12.5 

14.4 .15 15.6 

V 

Pq < 15W, 5 mA < Iq < 1A 

V MIN < V|N < VmaX 

4.75 5.25 

(7< V| N < 20) 

11.4 12.6 

(14.5 < V| N < 27) 

14.25 15.75 

(17.5 < V| N < 30) 

V 

V 

AVq Line Regulation 

Iq = 500 mA 

Tj = 25 °C 

AV|n 

3 50 

(7< V| N < 25) 

4 120 

(14.5 < V|n < 30) 

4 150 

(17.5 < Vin < 30) 

mV 

V 

0"C< T]<+125°C 

AVim 

50 

(8< V| N < 20) 

120 

(15 < V| N < 27) 

150 

(18.5 < V| N < 30) 

mV 

V 

l 0 < 1 A 

Tj = 25 °C 

AV| N 

50 

(7.3 < V| N < 20) 

120 

(14.6 < V| N < 27) 

150 

(17.7 < V|N < 30) 

mV 

V 

Tj<+125“C 

AV| N 

25 

(8< IN< 12) 

60 

(16 < V| N < 22) 

75 

(20 < Vin < 26) 

mV 

V 

AVq Load Regulation 

Tj = 25°C 

5 mA < Iq < 1.5A 

250 mA < Iq < 750 mA 

10 50 

25 

12 120 
60 

12 150 

75 

mV 

mV 

5 mA < Iq < 1A, 0°C< Tj < 4-125 °C 

50 

120 

150 

mV 

Iq Quiescent Current 

l 0 < 1A 

Tj = 25 °C 

0°C< Tj < 4-125 °C 

8 

8.5 

8 

■8.5 

, 8 

8.5 

mA 

mA 

. . Quiescent Current 

Al ° Change 

5 mA < Iq < 1A 

0.5 

0.5 

0.5 

mA 

Tj = 25 °C, l 0 < 1 A 

V MIN < V| N < V M AX 

1.0 

(7.5 < V| N < 20) 

1.0 

(14.8 < V| N < 27) 

1.0 

(17.9 < V||sj < 30) 

mA 

V 

Iq < 500 mA, 0°C Tj 4-125°C 

V MIN < V| N < V MA X 

1.0 

(7 < V| N < 25) 

1.0 

(14.5 < V| N < 30) 

1.0 

(17.5 < Vin < 30) 

mA 

V 

Vn Output Noise Voltage 

T A = 25 °C, 10 Hz < f 100 kHz 

40 

75 

90 

mV 

AV|n 

AVoU T R,pple Re J ectlon 

f = 120 Hz 

V MIN < V|N 

' l 0 < 1A. Tj = 25°Cor 
lO < 500 mA 

0°C < Tj < 4-125 °C 

Vmax 

62 80 

62 • 

(8< V|n < 18) 

55 72 

55 

(15 < V|n < 25) 

54 70 

54 

(18.5 < V||s| < 28.5) 

dB 

dB 

V 

Dropout Voltage 
Output Resistance 

Ro Short-Circuit Current 

Peak Output Current 
Average TC of Vout 

Tj = 25 °C, l0UT = 1A 
f = 1 kHz 

Tj = 25 °C 

Tj = 25 °C 

0°C< Tj < 4-125 °C, lo = 5 mA 

2.0 

8 

2.1 

2.4 

0.6' 

2.0 

18 

1.5 

2.4 

1.5 

2.0 

19 

1.2 

2.4 

1.8 

V 

mQ 

A 

A 

mV/ °C 

Input Voltage 

V|n Required to Maintain 

Line Regulation 

Tj = 25°C, Iq < 1A 

7.3 

14.6 

17.7 

V 


NOTE 1: Thermal resistance of the TO-3 package (K, KC) is typically 4°C/W junction to case and 35°C/W case to ambient. Thermal resistance of the 
TO-220 package (T) is typically 4°C/W junction to case and 50°C/W case to ambient. 

NOTE 2: All characteristics are measured with capacitor across the inut of 0.22 mF, and a capacitor across the output of 0.1 pF. All characteristics ex- 
cept noise voltage and ripple rejection ratio are measured using pulse techniques (tw < 10ms, duty cycle < 5%). Output voltage changes due to 
changes in internal temperature must be taken into account separately. 
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Typical Performance Characteristics 


Maximum Average Power 
Dissipation 
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LM78LXX Series 



National 

Semiconductor 


Voltage Regulators 


LM78LXX Series 3-Terminal Positive Regulators 


General Description 

The LM78LXX series of three terminal positive regu- 
lators is available with several fixed output voltages 
making them useful in a wide range of applications. 
When used as a zener diode/resistor combination replace- 
ment, the LM78LXX usually results in an effective 
output impedance improvement of two orders of magni- 
tude, and lower quiescent current. These regulators can 
provide local on card regulation, eliminating the distri- 
bution problems associated with single point regulation. 
The voltages available allow the LM78LXX to be used in 
logic systems, instrumentation, HiFi, and other solid 
state electronic equipment. Although designed primarily 
as fixed voltage regulators these devices can be used 
with external components to obtain adjustable voltages 
and currents. 


The LM78LXX is available in the metal three lead 
TO-39(H) and the plastic TO-92 (Z). With adequate 
heat sinking the regulator can deliver 100 mA output 
current. Current limiting is included to limit the peak 
output current to a safe value. Safe area protection 
for the output transistor is provided to limit internal 
power dissipation. If internal power dissipation becomes 


too high for the heat sinking provided, the thermal 
shutdown circuit takes over preventing the 1C from 
overheating. 

For output voltage other than 5V, 12V and 15V the 
LM117 series provides an output voltage range from 
1.2V to 57V. 

Features 

■ Output voltage tolerances of ±5% (LM78LXXAC) and 
±10% (LM78LXXC) over the temperature range 

■ Output current of 100 mA 

■ Internal thermal overload protection 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in plastic TO-92 and metal TO-39 low pro- 
file packages 

Voltage Range 

LM78L05 5V 

LM78L12 12V 

LM78L15 15V 


Connection Diagrams 


Metal Can Package 


Plastic Package 



BOTTOM VIEW, 



BOTTOM VIEW 


Order Numbers: 

LM78L05ACH LM78L05CH 

LM78L12ACH LM78L12CH 

LM78L15ACH LM78L15CH 

See Package H03A 


Order Numbers: 

LM78L05ACZ LM78L05CZ 

LM78L12ACZ LM78L12CZ 

LM78L15ACZ LM78L15CZ 

See Package Z03A 
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Absolute Maximum Ratings 


Input Voltage 
Vo = 5V 
Vo = 12V to 15V 

Internal Power Dissipation (Note 1) 
Operating Temperature Range 
Maximum Junction Temperature 
Storage Temperature Range 
Metal Can (H Package) 

Molded TO-92(Z Package) 


30V 

35V 

Internally Limited 
0°C to +70°C 
125°C 


-65°C to +150°C 
-55°C to +150°C 


Lead Temperature (Soldering, 10 seconds) 


300 °C 


LM78LXXAC Electrical Characteristics 

(Note 2) Tj = 0°C to 125°C, Iq = 40mA, C|n = 0.33^F, Cq = 0.1/rF (unless noted) 


LM78LXXAC OUTPUT VOLTAGE 

5V 

12V 

15V 

UNITS 

INPUT VOLTAGE (unless otherwise noted) 

10V 

19V 

23V 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Vq Output Voltage 

(Note 4) 

Tj = 25 °C 

4.8 5 5.2 

11.5 12 12.5 

14.4 15 15.6 

V 

1 mA < Iq < 70 mA 

1 mA < Iq < 40 mA and 

V MIN < Vin « V M AX 

4.75 5.25 

4.75 5.25 

(7 < V| N < 20) 

11.4 12.6 

11.4 12.6 

(14.5 < Vin < 27) 

14.25 15.75 

14.25 15.75 

(17.5 < V|N < 30) 

V 

V 

V 

AVq Line Regulation 

Tj = 25 °C 

10 54 

(8 < V, N < 20) 

18 75 

(7 < V| N < 20) 

20 110 
06 < V, N < 27) 

30 180 

(14.5 < V| N < 27) 

25 140 

(20 < V| N < 30) 

37 250 

(17.5 < V tN < 30) 

mV 

V 

mV 

V 

AVq Load Regulation 

Tj = 25 °C, 1 mA < Iq < 40 mA 
Tj = 25°C, 1 mA < Iq < 100 mA 

5 30 

20 60 

10 50 

30 100 

12 75 

35 150 

mV 

mV 

AVq Long Term Stability 


12 

24 

30 

mV/1000 hrs 

Iq Quiescent Current 

Tj = 25 °C 

Tj = 125 °C 

3 5 

4.7 

3 5 

4.7 

3.1 5 

4.7 

mA 

AIq Quiescent Current 

Change 

1 mA < Iq < 40 mA 

0.1 

0.1 

0.1 

mA 

VMIN < V|N < V M AX 

1.0 

(8 < V| N < 20) 

1.0 

(16 < V|N < 27) 

1.0 

(20 < V| N < 30) 

mA 

V 

V n Output Noise Voltage 

Tj = 25 °C, (Note 3) 
f = 10 Hz-10 kHz 

40 

80 

90 

M V 

AVim 

- Ripple Rejection 

AVout 

f = 120 Hz 

47 62 

(8« V| N < 16) 

40 54 

(15 < V|N < 25) 

37 51 

(18.5 < V| N < 28.5) 

dB 

V 

Input Voltage 

Required to Maintain 
Line Regulation 

Tj = 25 °C 

7 

14.5 

17.5 

V 

Note 1: Thermal resistance of the Metal Can Package (H) without a heat sink is 15°C/W junction to case and 140°C/W junction to ambient. 


Thermal resistance of the TO-92 package is 180°C/W junction to ambient with 0.4” leads from a PC board and 160°C/W junction to ambient 
with 0.125” lead length to a PC board. 

Note 2: The maximum steady state usable output current and input voltage are very dependent on the heat sinking and/or lead length of the 
package. The data above represent pulse test conditions with junction temperatures as indicated at the initiation of test. 

Note 3: Recommended minimum load capacitance of 0.01 /jF to limit high frequency noise bandwidth. I 

Note 4: The temperature coefficient of Vqut is typically within ± 0.01 % VqI °C. 
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LM78LXX Series 


Absolute Maximum Ratings 


Input Voltage 
Vo = 5V 
Vo = 12V to 15V 

Internal Power Dissipation (Note 1) In 

Operating Temperature Range 
Maximum Junction Temperature 
Storage Temperature Range 

Metal Can (H Package) -€ 

Molded TO-92 

Lead Temperature (Soldering, 10 seconds) 


30V 
35 V 

Internally Limited 
0°Cto +70 °C 
125°C 

-65 °C to + 1 50 °C 
-55° to + 1 50 °C 


LM78LXXC Electrical Characteristics 

(Note 2) Tj = 0°C to 125°C, Iq = 40mA, C|f\| = 0.33^F, Cq = 0.1/xF (unless noted) 


LM78LXXC OUTPUT VOLTAGE 


INPUT VOLTAGE (unless otherwise noted) 


PARAMETER CONDITIONS 


Output Voltage 
(Note 4) 

Line Regulation 


AVq Load Regulation 

AVq Long Term Stability 
Iq Quiescent Current 


Tj = 25 °C 

1 mA < Iq < 70 mA or 
1 mA Iq ^ 40 mA and AV|n 

Tj = 25 °C 


Tj = 25 °C, 1 mA ^ l 0 < 40 mA 
Tj = 25 °C, 1 mA< l 0 < 100 mA 


5V 


10V I 


MIN TYP MAX 


4.6 5 5.4 

4.5 5.5 

(7 < V| N ^ 20) 

10 . 150 
(8 < Vjfsj 20) 

~ ” 18 200 

(7 ^ V IN < 20) 

5 30 

20 60 

" ~ 2 ~~ 


MAX 

MIN 

TYP 

MAX 

12.9 

13.8 

15 

16.2 

13.2 

13.5 


16.5 


(14.5 < V|N f 27) 
20 200 
(16 < V|N < 27) 

30 250~ 

(14.5 < V|N < 27) 
10 50 

30 100 

24 


(18 < V|N < 30) 
25 250 

(20 V|N < 30) 
30 300 

(18 < V|N < 30) 
12 75 

35 150 

30 


- Ripple Rejection 

r 

Input Voltage 
Required to Maintain 
Line Regulation 


Tj = 25 °C 

Tj = 125°C 

3 6 

5.5 

3 6.5 

6 .1 

3.1 6.5 

6 

mA 

Tj = 25X, 1 mA < Iq < 40 mA 

0.2 

0.2 

0.2 

mA 


1.5 

' 1.5 

1.5 

mA 

Tj = 25 °C 

(8 V| N « 20) 

(16 < V| N < 27) 

(20 < V| N < 30) 

V 

Tj = 25 °C, (Note 3) 
f = 10 Hz -10 kHz 

40 

80 

90 

mV 

f = 125 Hz 

40 60 

36 52 

33 49 

dB 


(8< V|N < 18) 

(15 < V|N < 25) 

(18.5 < V|N < 28.5) 

V 

Tj = 25 °C 

7 

14.5 

18 

V 


Note 1: Thermal resistance of the Metal Can Package (H) without a heat sink is 15°C/W junction to case and 140°C/W junction to ambient. 
Thermal resistance of the TO-92 package is 180°C/W junction to ambient with 0.4" leads from a PC board and 160°C/W junction to ambient 
with 0.125” lead length to a PC board. 

Note 2: The maximum steady state usable output current and input voltage are very dependent on the heat sinking and/or lead length of the 
package. The data above represent pulse test conditions with junction temperatures as indicated at the initiation of test. 

Note 3: Recommended minimum load capacitance of O.OImF to limit high frequency noise bandwidth. 

Note 4: The temperature coefficient of VquT *s typically within ±0.01% Vq/X. 
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Typical Performance Characteristics 


Maximum Average Power 
Dissipation (Plastic Package) 


Maximum Average Power 
Dissipation (Metal Can 
Package) 
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LM78LXX Series 


Equivalent Circuit 



LM78LXX 


Typical Applications 



V OU T = 5V + (5V/R1 + l Q ) R2 

5V/R1 > 3 l Q , load regulation (l,) * |(R1 ♦ RZI/R1 ) (L, of LM78L05) 


Fixed Output Regulator Adjustable Output Regulator 
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LM78MXX Series 



National 

Semiconductor 


Voltage Regulators 


LM78MXX Series 3-Terminal Positive Regulators 


General Description 

The LM78MXX series of three terminal regulators is 
available with several fixed output voltages making them 
useful in a wide range of applications. One of these is 
local on card regulation, eliminating the distribution 
problems associated with single point regulation. The 
voltages available allow these regulators to be used in 
logic systems, instrumentation, HiFi, and other solid 
state electronic equipment. Although designed primarily 
as fixed voltage regulators these devices can be used 
with external components to obtain adjustable voltages 
and currents. 

The LM78MXX series is available in the plastic TO-202 
package. This package allows these regulators to deliver 
over 0.5A if adequate heat sinking is provided. Current 
limiting is included to limit the peak output current to 
a safe value. Safe area protection for the output transis- 
tor is provided to limit internal power dissipation. 
If internal power dissipation becomes too high for the 
heat sinking provided, the thermal shutdown circuit 
takes over preventing the 1C from overheating. 


Considerable effort was expended to make the LM78MXX 
series of regulators easy to use and minimize the number 
of external components. It is not necessary to bypass 
the output, although this does improve transient response. 
Input bypassing is needed only if the regulator is located 
far from the filter capacitor of the power supply. 

For output voltage other than 5V, 12V and 15V the 
LM117 series provides an output voltage range from 
1.2V to 57V. 

Features 

■ Output current in excess of 0.5A 

■ Internal thermal overload protection 

■ No external components required 

■ Output transistor safe area protection 

■ Internal short circuit current limit 

■ Available in plastic TO-202 package 

■ Special circuitry allows start-up even if output is 
pulled to negative voltage (± supplies) 


Schematic and Connection Diagrams 



Plastic Package 



FRONT VIEW 

Order Numbers 
LM78M05CP 
LM78M12CP 
LM78M15CP 
See Package P03A 

For Tab Bend TO-202 
Order Numbers 
LM78M05CP TB 
LM78M12CP TB 
LM78M15CP TB 
See Package P03E 
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Absolute Maximum Ratings 

Input Voltage 

(Vo = 5V,12V,15V) 35 V 

Internal Power Dissipation (Note 1) Internally Limited 

Operating Temperature Range 0 °C to + 70 °C 

Maximum Junction Temperature + 125 °C 

Storage Temperature Range -65°Cto +150°C 

Lead Temperature (Soldering, 10 seconds) +230 °C 


Electrical Characteristics ta=o°c to 7o°c, io = 500 mA, unless otherwise noted. 


OUTPUT VOLTAGE 

5V 

12V 

15V 


INPUT VOLTAGE (unless otherwise noted) 

10V 

19V 

23V 

UNITS 

PARAMETER 

CONDITIONS 

MIN TYP 

MAX 

MIN TYP MAX 

MIN TYP 

MAX 


v 0 

Output Voltage 

Tj = 25 °C 

4.8 5 

5.2 

11.5 12 12.5 

14.4 15 

15.6 

V 



Pp < 7.5W, 5 m A < Iq < 500 mA 

4.75 

5.25 

11.4 12.6 

14.25 

15.75 

V 



and V M |N < V| N < V M AX 

(7.5 ^ V, N < 20) 

(14.8 < V| N < 27) 

(18 < V| N < 

30) 

V 

AVq 

Line Regulation 

Tj = 25°C, Iq= 100 mA 


50 

120 


150 

mV 



Tj = 25 °C, Iq = 500 mA 


100 

240 


300 

mV 




(7.2 < V| N 

< 25) 

(14.5 < V| N < 30) 

(1 7.G < V| N < 30) 

. V 

AVq 

Load Regulation 

Tj = 25°C, 5mA < Iq < 500mA 

100 

240 

300 

mV 

AVq 

Long Term Stability 


20 

48 

60 

mV/1000 hrs 

•q 

Quiescent Current 

Tj = 25 °C 

4 

10 

4 10 

4 

10 

mA 

AIq 

Quiescent Current 

Tj = 25 °C 


0.5 

0.5 


0.5 

mA 


Change 

5 mA < lo ^ 500 mA 









Tj = 25 °C 


1 

T 


1 

mA 



VMIN < V| N < V MA X 

(7.5 < V| N 

< 25) 

(14.8 < V| N < 30) 

(18 < V| N < 

30) 

V 

v n 

Output Noise Voltage 

Tj = 25 °C, f = 10 Hz -100 kHz 

40 

75 

90 

mV 

AV| N 

AVqUT 

Ripple Rejection 

f = 120 Hz 

78 

71 

69 

V 

Input Voltage 

Required to Maintain 
Line Regulation 

Tj = 25 °C, Iq = 500 mA 

7.2 

14.5 

17.6 

V 


Note 1: Thermal resistance without a heat sink for junction to case temperature is 12°C/W for the TO-202 package. Thermal resistance for 
case to ambient temperature is 70°C/W for the TO-202 package. 
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LM78MXX Series 


Typical Performance Characteristics 


Maximum Average Power 
Dissipation 



0 15 30 45 60 75 


AMBIENT TEMPERATURE CC) 



0 5 10 15 20 25 30 

INPUT-OUTPUT DIFFERENTIAL (V) 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Ripple Rejection 




f= 12C 

Hz 

v OUT = 8v DC 
3.5 Vrms 

500 mA 
j°C 



+ 



Tj = 2 



• 








_ PAR 

T = Vim 




LM78M05C, To 
- LM78M12C, 19 
LM78M15C, 23 

V 



V 




OUTPUT VOLTAGE (V) 


Dropout Voltage 



0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Output Voltage (Normalized 
to IV at Tj = 25° C) 



0 25 50 75 100 125 150 


JUNCTION TEMPERATURE ( C) 



5 10 15 20 25 30 35 

INPUT VOLTAGE (V) 



0 25 50 75 100 125 150 

JUNCTION TEMPERATURE ( 5 C) 
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OT National 
JlM Semiconductor 


Voltage Regulators 


LM79XX Series 3-Terminal Negative Regulators 

General Description 


The LM79XX series of 3-terminal regulators is available 
with fixed output voltages of — 5V f —12V, and -15V. 
These devices need only one external component— a 
compensation capacitor at the output. The LM79XX 
series is packaged in the TO-220 power package and is 
capable of supplying 1.5A of output current. 

These regulators employ internal current limiting safe 
area protection and thermal shutdown for protection 
against virtually all overload conditions. 

Low ground pin current of the LM79XX series allows 
output voltage to be easily boosted above the preset 
value with a resistor divider. The low quiescent current 


drain of these devices with a specified maximum change 
with line and load ensures good regulation in the voltage 
boosted mode. 

For applications requiring other voltages, see LM137 
data sheet. 


Features 

■ Thermal, short circuit and safe area protection 

■ High ripple rejection 

■ 1 .5A output current 

a 4% preset output voltage 


Typical Applications 


±15V, 1 Amp Tracking Regulators 




Performance (Typical) 


Load Regulation at AIl = 1A 
Output Ripple, C|N = 3000pF, 1 1 _ = 1 A 
Temperature Stability 
Output Noise 10 Hz < f < 10 kHz 


(-15) 

40 mV 
lOOpVrms 
50 mV 
150pVrms 


(+15) 

2 mV 
lOOpVrms 
50 mV 
1 50juVrms 


Variable Output 



‘Improves transient response and ripple rejection. 
Do not increase beyond 50pF. 


v OUT = V SET 


( R1 + R2\ 
R2 / 


Select R2 as follows 

LM7905CT 30012 

LM7912CT 750ft. 

LM7915CT Ik 


‘Resistor tolerance of R4 and R5 determine matching of (+) and (— ) outputs 
‘Necessary only if raw supply filter capacitors are more than 3” from regulators 

Fixed Regulator 


Dual Trimmed Supply 



‘Required if regulator is separated from filter capacitor by more than 3". 
For value given, capacitor must be solid tantalum. 25pF aluminum electro- 
lytic may be substituted. 

t Required for stability. For value given, capacitor must be solid tantalum. 
25pF aluminum electrolytic may be substituted. Values given may be 
increased without limit. 

For output capacitance in excess of 100pF, a high current diode from 
input to output (1N4001, etc.) will protect the regulator from momentary 
input shorts. 
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LM79XX Series 


Absolute Maximum Ratings 

Input Voltage 

(V 0 = 5V) -35V 

(V 0 = 12V and 15V) -40V 

Input-Output Differential 

(V 0 = 5V) 25V 

(V Q = 12V and 15V) 30V 

Power Dissipation Internally Limited 

Operating Junction Temperature Range 0°C to + 125°C 

Storage Temperature Range -65°C to +1 50° C 

Lead Temperature (Soldering, 10 seconds) 230°C 


Electrical Characteristics Conditions unless otherwise noted: loUT = 500 mA, C||\| = 2.2/jF, CquT = IjuF, 
0°C<Tj< + 125°C, Power Dissipation < 1 5W. 


PART NUMBER 

LM7905C 


OUTPUT VOLTAGE 

5V 

UNITS 

INPUT VOLTAGE (unless otherwise specified) 

-10V 

i PARAMETER 

CONDITIONS 

MIN TYP MAX 


vo 

Output Voltage 

Tj = 25° C 

“4.8 -5.0 -5.2 

V 



5 mA < loUT - ^ A, 

-4.75 -5.25 

V 



P < 15W 

(-20 < V|M < -7) 

V 

AV 0 

Lme Regulation 

Tj = 25°C, (Note 2) 

8 50 

mV 




(--25<V| N <-7) 

V 




2 15 

mV 




M2 < V|m<-8) 

V 

AV 0 

Load Regulation 

Tj = 25'C, (Note 2) 


mV 



5 mA < loUT^ 1 - 5A 

15 100 

mV 



250 mA < loUT < 750 mA 

5 '50 

mV 

IQ 

Quiescent Current 

Tj = 25 C 

1 2 

m A 

AIq 

Quiescent Current 

With Line 

0.5 

m A 


Change 


(-25<V|m<~7) 

V 



With Load, 5mA<loUT — ^A 

0.5 

m A 

V n 

Output Noise Voltage 

Ta = 25 C, 10 Hz<f< 100 Hz 

125 

pV 


Ripple Rejection 

f = 120 Hz 

54 66 





(-18 < Vim < -8) 


Dropout Voltage 

Tj = 25 C, l 0 UT= 1A 

1.1 

V 

'OMAX 

Peak Output Current 

Tj = 25 C 

2.2 

A 


Avetaqe Temperature 

IquT = 5 mA, 

0.4 

mV/C 


Coefficient of 

0 C< Tj < 100 C 




Output Voltage 
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Electrical Characteristics (Continued) Conditions unless otherwise noted: loUT = 500 mA, C||\| = 2.2/iF, 
CquT = IjuF, 0°C < Tj < + 125°C, Power Dissipation = 1 .5W. 


PART NUMBER 

LM7912C 

LM7915C 


OUTPUT VOLTAGE 

12V 

15V 

UNITS 

INPUT VOLTAGE (unless otherwise specified) 

-19V 

-23V 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 


vo 

Output Voltage 

Tj - 25°C 

-11.5 -12.0 -12 5 

-14.4 -15.0 -15.6 

V 



5 m A < (OUT ^ 1 A - 

-11.4 -12.6 

-14.25 1 5.75 

V 



P< 15W 

(-27 < V|(sj < -14.5) 

(~30<V| N < 17.5) 

V 

AV 0 

Line Regulation 

Tj = 25 C, (Note 2) 

5 80 

5 100 

m V 




( 30 < V| N < -14.5) 

(-30 < V| N < -1 7.5) 

V 




3 30 

3 50 

mV 




(-22 < Vim < -16) 

(-26< V| N < 20) 

V 

AV 0 

Load Regulation 

Tj = 25 U C ( (Note 2) 

15 200 

15 200 

mV 



5 mA < loUT < 1 -5A 

15 200 

15 200 

mV 



250 mA < loUT < 750 mA 

5 75 

5 75 

mV 

IQ 

Quiescent Current 

Tj = 25” C 

1.5 3 

1.5 3 

m A 

AIq 

Quiescent Current 

With Line 

0.5 

0.5 

m A 


Change 


(-30 < V|(\| < -14.5) 

(-30 < V|N < -17.5) 

V 



With Load,5mA< loUT - 1 A 

0.5 

0.5 

m A 

V n 

Output Noise Voltage 

Ta = 25°C, 1 0 Hz <f < 100 Hz 

300 

375 

nv 


Ripple Rejection 

f = 120 Hz 

54 70 

54 70 

dB 




(-25< V| N <-15) 

(-30<V| N <-17 5) 

V 

Dropout Voltage 

Tj = 25°C, l 0 UT= 1A 

1.1 

1.1 

V 

lOMAX 

Peak Output Current 

Tj - 25° C 

2.2 

2.2 

A 


Average Temperature 

lOUT = 5 mA, 

-0.8 

-1.0 

mV/°C 


Coefficient of 

Output Voltage 

0°C < Tj < 100°C 





Note 1: For calculations of junction temperature rise due to power dissipation, thermal resistance junction to ambient (0 ja> is 50°C/W 
(no heat sink) and 5°C/W (infinite heat sink). 

Note 2: Regulation is measured at a constant junction temperature by pulse testing with a low duty cycle. Changes in output voltage 
due to heating effects must be taken into account. 
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LM79XX Series 


Typical Applications (Continued) 


High Stability 1 Amp Regulator 



Load and line regulation < 0.01% temperature stability <0.2% 
t Determines Zener current 
ttSolid tantalum 

•Select resistors to set output voltage. 2 ppm/°C tracking suggested 


Preventing Positive Regulator Latch-Up 


Current Source 



R1 and D1 allow the positive regulator to "start-up” when +V||\j is 
delayed relative to — v l l\| and a heavy load is drawn between the 
outputs. Without R1 and D1, most three-terminal regulators will not 
start with heavy (0.1 A— 1A) load current flowing to the negative 
regulator, even though the positive output is clamped by D2. 

*R2 is optional. Ground pin current from the positive regulator flowing 
through R1 will increase +VquT % 60 mV if R2 is omitted. 



#l OUT = 1 mA + 


Light Controllers Using Silicon Photo Cells 



r 

i 

i 

i ° 

| + 2N414I 


> 100k 



r - < 

i 

2N4141^J 

+ 

C2 — 1 

r±.. ' 

JL 1N457 


BV - 15V , 

. BULB 
I 1.75A 
MAX TURN ON 
CURRENT 


’Lamp brightness increases until i| = iQ (» 1 mA) + 5V/R1. 
t Necessary only if raw supply filter capacitor is more than 2” 
from LM7905CT 

Connection Diagrams 

TO-3 Package 


Order Numbers: 
LM7905CK 
LM7912CK 
LM7915CK 

See NS Package KC02A 



•Lamp brightness increases until i| = 5V/R1 (i| can be set as 
low as IjuA) 

t Necessary only if raw supply filter capacitor is more than 2" 
from LM7905CT 


HO 


TO-220 Package 



Order Numbers: 
LM7905CT 
LM7912CT 
LM7915CT 
See NS Package T03B 
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LM79LXXAC Series 



National 

Semiconductor 


Voltage Regulators 


LM79LXXAC Series 3-Terminal Negative Regulators 


General Description 

The LM79LXXAC series of 3-terminal negative voltage 
regulators features fixed output voltages of -5V, -12V, 
and -15V with output current capabilities in excess 
of 100 mA. These devices were designed using the latest 
computer techniques for optimizing the packaged 1C 
thermal/electrical performance. The LM79LXXAC 
series, even when combined with a minimum output 
compensation capacitor of 0.1 fi F, exhibits an excellent 
transient response, a maximum line regulation of 0.07% 
Vg/V, an d a maximum load regulation of 0.01% 
V 0 /mA. 

The LM79LXXAC series also includes, as self-protection 
circuitry: safe operating area circuitry for output transis- 
tor power dissipation limiting, a temperature independent 
short circuit current limit for peak output current 
limiting, and a thermal shutdown circuit to prevent 
excessive junction temperature. Although designed pri- 
marily as fixed voltage regulators, these devices may be 


combined with simple external circuitry for boosted and / 
or adjustable voltages and currents. The LM79LXXAC 
series is available in the 3-lead TO-92 package. 

For output voltage other than 5V, 12V and 15V the 
LM117 series provides an output voltage range from 
1.2V to 57V. 

Features 

■ Preset output voltage error is less than ±5% overload, 
line and temperature 

■ Specified at an output current of 100 mA 

■ Easily compensated with a small 0.1 juF output 
capacitor 

■ Internal short-circuit, thermal and safe operating area 
protection 

■ Easily adjustable to higher output voltages 

■ Maximum line regulation less than 0.07% Vout/V 

■ Maximum load regulation less than 0.01% VoUT m A 

■ TO-92 package 


Typical Applications 


Connection Diagram 



Fixed Output Regulator 


LM79LXXACZ 



TO-92 Plastic Package (Z) 



^Required if the regulator is located far from the power supply 
filter. A 1 nF aluminum electrolytic may be substituted. 
**Required for stability. A 1 nF aluminum electrolytic may 
be substituted. 


Order Numbers 
LM79L05ACZ 
LM79L12ACZ 
LM79L15ACZ 
See Package Z03A 


Adjustable Output Regulator 



— V 0 = — 5V - (SV/R1 + Iq) • R2, 
5V/R1 > 3 Iq 
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Absolute Maximum Ratings 

Input Voltage 

Vo= -5V, -12V, -15V -35V 

Internal Power Dissipation (Note 1) Internally Limited 
Operating Temperature Range 0°Cto +70°C 

Maximum Junction Temperature + 125 °C 

Storage Temperature Range -55°Cto +150°C 

Lead Temperature (Soldering, 10 seconds) 300 °C 


Electrical Characteristics (Note 2 ) t a = o°c to +70° unless otherwise noted. 


OUTPUT VOLTAGE 

-5 V 

-12V 

-15V 

UNITS 

INPUT VOLTAGE (unless otherwise noted) 

-10V 

-17V 

-20V 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Vq Output Voltage 

Tj = 25 °C, l 0 = 100 mA 

-5.2 -5 -4.8 

-12.5 -12 -11.5 

-15.6 -15 -14.4 

V 

1 mA Iq < 100 mA 
VMIN < V IN < V MAX 

-5.25 -4.75 

(~20< V| N « -7.5) 

-12.6 -11.4 

(-27 ^ V| N < -14.8) 

-15.75 -14.25 

(-30« V|N < -18) 

1 mA < Iq < 40 rtiA 
VMIN < V IN < V MAX 

-5.25 -4.75 

(-20« V| N <-7) 

-12.6 -11.4 

(-27 V|N < -14.5) 

-15.75 -14.25 

(-30 ^ V| N -17.5) 

AVo Line Regulation 

Tj = 25 °C, l 0 = 100 mA 
V MIN < V IN < V MAX 

60 

( -20 < V|N < -7.3) 

45 

( -27< V|N < -14.6) 

45 

(-30 < V| N < -17.7) 

mV 

V 

Tj = 25°C,Iq = 40 mA 
V MIN < V IN * V MAX 

60 

(-20< V| N <-7) 

45 

(-27^ V|N < -14.5) 

45 

(-30 < V|N < -17.5) 

mV 

V 

A Load Regulation 

Tj = 25 °C 

1 mA < Iq < 100 mA 

50 

100 

125 

mV 

AVo Long Term Stability 

lO = 100 mA 

20 

48 

60 

mV/khrs 

Iq Quiescent Current 

Iq = 100 mA 

2 6 

2 6 

2 6 

mA 

aIq Quiescent Current 
Change 

1 mA < Iq < 100 mA 

0.3 

0.3 

0.3 

mA 

1 mA < Iq < 40 mA 

0.1 

0.1 

0.1 

Iq = 100 mA 

0.25 

0.25 

0.25 

mA 

V 

V MIN < V|n < VmaX 

(—20 < V| N < -7.5) 

(~27<S V|N < —14.8) 

(-30 V| N < -18) 

V n Output Noise Voltage 

Tj = 25 °C, l o =100 mA 
f = 10 Hz -10 kHz 

40 

96 

120 

mV 

— Ripple Rejection 

Tj = 25 °C, l o = 100 mA 
f = 120 Hz 

50 

52 

50 

dB 

Input Voltage 

Required to Maintain 
Line Regulation 

Tj = 25°C 
lO = 100 mA 

Iq = 40 mA 

-7.3 

-7.0 

-14.6 

-14.5 

- 17.7 
-17.5 

V 


Note 1: Thermal resistance, junction to ambient, of the TO-92 (Z) package is 180°C/W when mounted with 0.40 inch leads on a PC board, and 
160°C/W when mounted with 0.25 inch leads on a PC board. 

Note 2: To ensure constant junction temperature, low duty cycle pulse testing is used. 
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LM79LXXAC Series 


Typical Performance Characteristics 


Maximum Average Power 

Dissipation (TO-92) Peak Output Current 



0 15 30 45 60 75 



0 5 10 15 20 25 30 


T a - AMBIENT TEMPERATURE (°C) 


INPUT-OUTPUT DIFFERENTIAL (V) 


Dropout Voltage 



0 25 50 75 100 125 

Tj - JUNCTION TEMPERATURE (°C) 


Ripple Rejection 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Short Circuit Output 
Current 



0 -5 -10 -15 -20 -25 -30 -35 
INPUT VOLTAGE (V) 


Output Voltage vs. 
Temperature (Normalized 
to 1V@25°C) 



0 25 50 75 100 125 

Tj - JUNCTION TEMPERATURE (°C) 


Quiescent Current 


Output Impedance 




10 100 Ik 10k 100k 1M 


INPUT VOLTAGE (V) 


FREQUENCY (Hz) 


Typical Applications (Continued) 

±15V, 100 mA Dual Power Supply 
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LM79MXX Series 



National 

Semiconductor 


Voltage Regulators 


LM79MXX Series 3-Terminal Negative Regulators 


General Description 

The LM79MXX series of 3-terminal regulators is available 
with fixed output voltages of -5V, -12V, and -15V. 
These devices need only one external component— a 
compensation capacitor at the output. The LM79MXX 
series is packaged in the TO-202 power package and 
TO-39 metal can and is capable of supplying 0.5A of 
output current. 

These regulators employ internal current limiting safe 
area protection and thermal shutdown for protection 
against virtually all overload conditions. 

Low ground pin current of the LM79MXX series allows 
output voltage to be easily boosted above the preset 


value with a resistor divider. The low quiescent current 
drain of these devices with a specified maximum change 
with line and load ensures good regulation in the voltage 
boosted mode. 

For output voltage other than 5V, 12V and 15V the 
LM117 series provides an output voltage range from 
1.2V to 57V. 

Features 

■ Thermal, short circuit and safe area protection 

■ High ripple rejection 

■ 0.5A output current 

■ 4% preset output voltage 


Typical Applications 


±15V, 1 Amp Tracking Regulators 



Output Ripple, C||\j = 3000 mF, II = 0.5A lOOjuVrms 
Temperature Stability 50 mV 

Output Noise 10 Hz < f < 10 kHz 150>iVrms 


lOOMVrms 
50 mV 
150juVrms 


•Resistor tolerance of R4 and R5 determine matching of (+) and (-) outputs 
* ’Necessary only if raw supply filter capacitors are more than 3” from regulators 


Variable Output 



•Improves transient response and ripple rejection. 
Do not increase beyond 50 mF. 

( R1 + R2 
— 

R2 


Select R2 as follows: 
LM79M05CP 300ft 
LM79M12CP 750ft 
LM79M15CP Ik 


Dual Trimmed Supply 


Fixed Regulator 

xnr; 


" |l - 

r O—l !■—[ LM79MXX 


•Required if regulator is separated from filter capacitor by more than 3". 
For value given, capacitor must be solid tantalum. 25/uF aluminum electro- 
lytic may be substituted. 

t Required for stability. For value given, capacitor must be solid tantalum. 
25pF aluminum electrolytic may be substituted. Values given may be 
increased without limit. 

For output capacitance in excess of 100/iF, a high current diode from 
input to output (1N4001, etc.) will protect the regulator from momentary 
input shorts. 
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Absolute Maximum Ratings 

Input Voltage 

(Vo = 5V) 25V 

(Vo = 12V and 15 V) -35 V 

Input/Output Differential 

(Vo = 5'V) 25 V 

(Vo = 12 V and 15 V) 30 V 

Power Dissipation Internally Limited 

Operating Junction Temperature Range 0°Cto +125°C 
Storage Temperature Range -65°Cto +150°C 

Lead Temperature (Soldering, 10 seconds) 230 °C 


Electrical Characteristics Conditions unless otherwise noted: Iout = 350 mA, C|N = 2.2mF, CoUT = IpF, 
0°C< Tj<+125°C 


PART NUMBER 

LM79M05C 

LM79M12C 

LM79M15C 


OUTPUT VOLTAGE 

-5 V 

-12V 

-15V 


INPUT VOLTAGE (unless otherwise specified) 

-10V 

-19V 

-23V 

UNITS 

PARAMETER 

CONDITIONS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP 

MAX 


Vq Output Voltage 

Tj = 25 °C 

-4.8 -5.0 -5.2 

-11.5 -12.0 -12.5 

-14.4 -15.0 

-15.6 

V 


5 mA < loUT ^ 350 mA 

-4.75 -5.25 

-11.4 -12.6 

-14.25 

-15.75 

V 


( — 25 < V| N < -7) 

(-27< V| N -14.5) 

( -30 < V| N ^ 

-17.5) 

V 

AVq Line Regulation 

Tj = 25°C, (Note 2) 

8 50 

5 80 

5 

80 

mV 



(—25 < V, N <-7) 

(-30 < V| N < -14.5) 

<-< V| N «- 

17.5) 

V 



2 30 

3 30 

3 

50 

mV 



(-18 < V| N < -8) 

(-25< V,m«-15) 

(-28 < V| N < 

-18) 

V 

A Vo Load Regulation 

Tj = 25 °C, (Note 2) 

5 mA < loUT ^ 0.5A 

30 100 

30 240 

30 

240 

mV 

Iq Quiescent Current 

Tj = 25 °C 

1 2 

1.5 3 

1.5 

3 

mA 

A Iq Quiescent Current 

With Line 

0.4 

0.4 


0.4 

mA 

Change 

With Load, 

(-25< V|m<-8) 

(-30 < V|n«-14.5) 

(-30< V| N < 

-27) 

V 


5 mA < loUT ^ 350 mA 

0.4 

0.4 


0.4 

mA 

V n Output Noise Voltage 

TA = 25 °C, 10 Hz < f < 100 Hz 

750 

400 

400 


Ripple Rejection 

f = 120 Hz 

54 66 

54 70 

54 70 


dB 



(-18<V| N <-8) 

(-25 < V | N < — 1 5) 

( -30 < V| N < 

-17.5) 

V 

Dropout Voltage 

Tj = 25 °C, l O UT = 0-5A 

1.1 

1.1 

1.1 

s V 

'OMAX Peak Output Current 

Tj = 25 °C 

800 

800 

800 

A 

' Average Temperature 

IqUT = 5 mA, 

0.4 

-0.8 

-1.0 


mV/°C 

Coefficient of 

Output Voltage 

0°C< Tj < 100°C 







Note 1: For calculations of junction temperature rise due to power dissipation, thermal resistance junction to ambient (0ja) is 70°C/W (no 
heat sink) and 12°C/W (infinite heat sink). 

Note 2: Regulation is measured at a constant junction temperature by pulse testing with a low duty cycle. Changes in output voltage due to 
heating effects must be taken into account. 
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LM79MXX Series 


Connection Diagrams 



Metal Can Package TO-39 (H) 
Order Number: 

LM79M05CH 

LM79M12CH 

LM79M15CH 

See Package H03A 


INPUT 



FRONT VIEW 


Power Package TO-202 (P) 
Order Number: 

LM79M05CP 

LM79M12CP 

LM79M15CP 

See Package P03A 

For Tab Bend TO-202 
Order Number: 
LM79M05CP TB 
LM79M12CP TB 
LM79M15CP TB 
See Package P03E 


OUTPUT 

INPUT 

GND 
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Voltage References 


22 
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Voltage Reference Selection Guide 2-3 

LH0070 Series Precision BCD Buffered Reference 2-5 

LH0071 Series Precision Binary Buffered Reference 2-5 

LH0075 Positive Precision Programmable Regulator 2-9 

LH0076 Negative Precision Programmable Regulator 2-14 

LM 103 Reference Diode 2-19 

LM113/LM313 Reference Diode 2-22 

LM129/LM329 Precision Reference 2-25 

LM 1 36/LM236/LM336 2.5V Reference Diode 2-30 

LM136-5.0/LM236-5.0/LM336-5.0 5.0V Reference Diode 2-36 

LM185-1 . 21 LM285-1 .2/ LM385-1 .2 Micropower Voltage Reference Diode 2-42 

LM185-2.5/LM285-2.5/LM385-2.5 Micropower Voltage Reference Diode 2-48 

LM 1 99/LM299/LM399 Precision Reference 2-54 

LM 1 99A/LM299A/LM399A Precision Reference 1 2-60 

LM3999 Precision Reference 2-63 




Reverse 

Breakdown Voltage 

V R at l R 

Device 

Voltage 
Tolerance 
Max, T A = 25°C 

Voltage Temperature 
Drift-ppm/°C Max or 
mV Max Change Over 
Temperature Range 

Current Range, l R 

Output 

Dynamic 

Impedance 


Drift 

(Max) 

Temperature 

Range 


(Max) 

1.22 

LM113 

±5% 

100 ppm typ 

- 55°C to +125°C 

500 /xA to 20 mA 

om 

1.22 

LM313 

±5% 

100 ppm typ 

0°C to 70°C 

500 /xA to 20 mA 

0.8ft 

1.22 

LM113-1 

±1% 

50 ppm typ 

- 55°C to +125°C 

500 /j.A to 20 mA 

0,8ft 

1.22 

LM113-2 

±2% 

50 ppm typ 

- 55°C to +125°C 

500 /iA to 20 mA 

0.8ft 

1.235 

LM185 

±1% 

20 ppm typ 

- 55°C to +125°C 

1 mA to 20 mA 

0.6ft 

1.235 

LM285 

±1% 

20 ppm typ 

-25°C to +85°C 

1 mA to 20 mA 

0.6ft 

1.235 

LM385B 

±1% 

20 ppm typ 

0°C to +70°C 

1 mA to 20 mA 

1ft 

1.235 

LM385 

-2.5, +2 

20 ppm typ 

0°C to +70°C 

1 mA to 20 mA 

1ft 

2.49 

LM136 

±2% 

18 mV 

- 55°C to +125°C 

400 jxA to 10 mA 

0.6ft 

2.49 

LM136A 

±1% 

18 mV 

- 55°C to +125°C 

400 /xA to 10 mA 

0.6ft 

2.49 

LM236 

±2% 

9 mV 

- 25°C to + 85°C 

400 ^A to 10 mA 

0.6ft 

2.49 

LM236A 

±1% 

9 mV 

- 25 °C to + 85°C 

400 /iA to 10 mA 

0.6ft 

2.49 

LM336 

±4% 

6 mV 

0°C to + 70°C 

400 /xA to 10 mA 

1ft 

2.49 

LM336B 

±2% 

6 mV 

0°C to + 70°C 

400 /xA to 10 mA 

1ft 

2.5 

LM185-2.5 

± 1 .5% 

20 ppm typ 

- 55 °C to +125°C 

20 nA to 20 mA 

0.6ft 

2.5 

LM285-2.5 

±1.5% 

20 ppm typ 

- 25°C to + 85°C 

20 nA to 20 mA 

0.6ft 

2.5 

LM385-2.5 

±3% 

20 ppm typ 

0°C to +70°C 

20 nA to 20 mA 

1ft 

2.5 

LM385B-2.5 

±1.5% 

20 ppm typ 

0°C to + 70°C 

20 /xA to 20 mA 

1ft 

5.0 

LM 136-5.0 

±2% 

36 mV 

- 55°C to + 125°C 

400 /xA to 10 mA 

0.6ft 

5.0 

LM136A-5.0 

±1% 

36 mV 

- 55°C to +125°C 

400 /xA to 10 mA 

0.6ft 

5.0 

LM236-5.0 

±2% 

18 mV 

- 25°C to + 85°C 

400 /xA to 10 mA 

0.6ft 

5.0 

LM236A-5.0 

±1% 

18 mV 

- 25°C to + 85 °C 

400 nA to 10 mA 

0.6ft 

5.0 

LM336-5.0 

±4% 

12 mV 

0°C to + 70°C 

400 nA to 10 mA 

1ft 

5.0 

LM336B-5.0 

±2% 

12 mV 

0°C to +70°C 

400 /xA to 10 mA 

1ft 

6.90 

LM129A 

+ 3%, -2% 

10 ppm 

- 55°C to + 125°C 

0.6 mA to 15 mA 

1ft 

6.90 

LM129B 

+ 3%, -2% 

20 ppm 

- 55°C to + 125°C 

0.6 mA to 15 mA 

1ft 

6.90 

LM129C 

+ 3%, -2% 

50 ppm 

- 55 °C to + 125°C 

0.6 mA to 15 mA 

1ft 

6.90 

LM329B 

±5% 

50 ppm 

0°C to + 70°C 

0.6 mA to 15 mA 

2ft 

6.90 

LM329C 

±5% 

20 ppm 

0°C to + 70°C 

0.6 mA to 15 mA 

2ft 

6.90 

LM329D 

±5% 

100 ppm 

0°C to + 70°C 

0.6 mA to 15 mA 

2ft 

6.95 

LM199A 

+ 1%, -2% 

0.5 ppm 

- 55°C to + 125°C 

0.5 mA to 10 mA 

1ft 

6.95 

LM199A 

+ 1%, -2% 

10 ppm 

85 °C to + 125°C 

0.5 mA to 10 mA 

1ft 

6.95 

LM199 

+ 1%, -2% 

1 ppm 

- 55°C to +85°C 

0.5 m A to 10 mA 

1ft 

6.95 

LM199 

+ 1%, -2% 

15 ppm 

85°C to + 125°C 

0.5 m A to 10 mA 

1ft 

6.95 

LM299A 

+ 1%, -2% 

0.5 ppm 

- 25°C to + 85°C 

0.5 mA to 10 mA 

1ft 

6.95 

LM299 

+ 1%, -2% 

1 ppm 

- 25°C to + 85 °C 

0.5 mA to 10 mA ■ 

1ft 

6.95 

LM399A 

±5% 

1 ppm 

0°C to + 70°C 

0.5 mA to 10 mA 

1.5ft 

6.95 

LM399 

±5% 

2 ppm 

0°C to + 70°C 

0.5 m A to 10 mA 

1.5ft 

6.95 

LM3999 

±5% 

5 ppm 

0°C to + 70°C 

0.6 mA to 10 mA 

2.2ft 

10.00 

LH0070-0 

0.1% 

20 mV 

- 25°C to +85°C 

0 mA to 20 mA 

1ft 

10.00 

LH0070-1 

0.1% 

10 mV 

— 25°C to + 85 °C 

0 mA to 20 mA 

1ft 

10.00 

LH0070-2 

0.05% 

4 mV 

— 25°C to + 85°C 

0 mA to 20 mA 

1ft 

10.24 

LH0071-0 

0.1% 

20 mV 

-25°C to + 85°C 

0 mA to 20 mA 

1ft 

10.24 

LH0071-1 

0.1% 

10 mV 

- 25°C to + 85°C 

0 mA to 20 mA 

1ft 

10.24 

LH0071-2 

0.05% 

4 mV 

-25°C to + 85°C 

0 mA to 20 mA 

1ft 

Adjustable— 

LH0075 

±0.5% '. 

0.003%/°C typ 

- 55 °C to + 125°C 

1 mA to 200 mA 

1ft 

5V, 6V, 10V, 12V, 15V 







Adjustable— 

LH0075C 

±1% 

0.003%/°C typ 

0°C to + 70°C 

1 mA to 200 mA 

1ft 

5V, 6V, 10V, 12V, 15V 







Adjustable— 

— 5 V, ■ — 6 V, -10V, -12V, -15V 

LH0076 

±0.5% 

0.003%/°C typ 

- 55°C to + 125°C 

1 mA to 200 mA 

1ft 

Adjustable— 

- 5V, - 6V, -10V, -12V, -15V 

LH0076C 

±1% 

0.003%/°C typ 

0°C to + 70°C 

' 

1 mA to 200 mA 

1ft 
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Voltage Reference 
Selection Guide 



Voltage Reference 
Selection Guide 


Reverse 

Breakdown Voltage 

V R at l R 

Device 

Voltage 
Tolerance 
Max, T a = 25°C 

Voltage Temperature 
Drift-ppm/°C Max or 
mV Max Change Over 
Temperature Range 


Output 

Dynamic 

Impedance 

(Max) 

Drift 

(Max) 


LOW CURRENT ZENER DIODES 

1.8 

LM103 

±10% 

- 5 mV/°C typ 

- 55 °C to +125°C 

10 nA to 10 mA 

250 

2.0 

LM103 

±10% 

-5 mV/°C typ 

- 55°C to + 125°C 

10 ixA to 10 mA 

250 

2.2 

LM103 

± 10% 

- 5 mV/°C typ 

-55°C to + 125°C 

10 nA to 10 mA 

250 

2.4 

LM103 

±10% 

- 5 mV/°C typ 

- 55°C to +125°C 

10 n A to 10 mA 

250 

2.7 

LM103 

±10% 

- 5 mV/°C typ 

— 55°C to +125°C 

10 /xA to 10 mA 

250 

3.0 

LM103 

±10% 

- 5 mV/°C typ 

— 55 °C fo +125°C 

10 fiA to 10 mA 

250 

3.3 

LM103 

±10% 

- 5 mV/°C typ 

— 55°C to + 125°C 

10 n A to 10 mA 

250 

3.6 

LM103 

±10% 

- 5 mV/°C typ 

— 55°C to + 125°C 

10 nA to 10 mA 

250 

3.9 

LM103 

±10% 

- 5 mV/°C typ 

- 55°C to + 125°C 

10 ixA to 10 mA 

250 

4.3 

LM103 

±10% 

- 5 mV/°C typ 

— 55°C to + 125°C 

10 fiA to 10 mA 

250 

4.7 r 

LM103 

± 10% 

- 5 mV/°C typ 

— 55°C to + 125°C 

10 nA to 10 mA 

250 

5.1 

LM103 

±10% 

- 5 mV/°C typ 

- 55°C to +125°C 

10 nA to 10 mA 

250 

5.6 

LM103 

±10% 

- 5 mV/°C typ 

- 55°C to + 125°C 

10 nA to 10 mA 

250 
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QJ1 National Voltage References 

mm Semiconductor 

LH0070 Series Precision BCD Buffered Reference 
LH0071 Series Precision Binary Buffered Reference 

General Description 


The LH0070 and LH0071 are precision, three terminal, 
voltage references consisting of a temperature compen- 
sated zener diode driven by a current regulator and a 
buffer amplifier. The devices provide an accurate refer- 
ence that is virtually independent of input voltage, load 
current, temperature and time.' The LH0070 has a 
10.000V nominal output to provide equal step sizes in 
BCD applications. The LH0071 has a 10.240V nominal 
output to provide equal step sizes in binary applications. 

The output voltage is established by trimming ultra- 
stable, low temperature drift, thin film resistors under 
actual operating circuit conditions. The devices are short- 
circuit proof in both the current sourcing and sinking 
directions. 

The LH0070 and LH0071 series combine excellent 
long term stability, ease of application, and low cost, 


making them ideal choices as reference voltages in 
precision D to A and A to D systems. 


Features 

■ Accurate output voltage 

LH0070 10V ±0.02% 

LH0071 10.24V ±0.02% 

■ Single supply operation 11.4V to 40V 

■ Low output impedance 0.2H 

■ Excellent line regulation 0.1 mV/V 

Low zener noise 20ji/Vp-p 

3-lead TO-5 (pin compatible with the LM109) 

Short circuit proof 

Low standby current 3 mA 


Equivalent Schematic 


Connection Diagram 



Typical Applications 


TO-5 Metal Can Package 


BOTTOM VIEW 

Order Number LH0070-0H, LH0071-0H, LH0070-1H, 
LH0071-1H, LH0070-2H or LH0071-2H 
See NS Package H03B 



+15V 

?- 

2 

LH0070. 


L H 007 1 

O v 0UT 

R1 

3 

R2 1 1 

3 

r— AA/ 


2.5k + j 

AAi AA/u A O -15V 



Statistical Voltage Standard 


Note. The output of the LH0070 and LH0071 
may be adjusted to a precise voltage by using 
the above circuit since the supply current of 
the devices is relatively small and constant 
with temperature and input voltage. For the 
circuit shown, supply sensitivities are degraded 
slightly to 0.01%/V change in VquT f° r 
changes in V | j\j and V~. 

An additional temperature drift of 0.0001%/ 
°C is added due to the variation of supply 
current with temperature of the LH0070 and 
LH0071. Sensitivity to the value of R1, R2 
and R3 is less than 0.001%/%. 

^Output Voltage Fine Adjustment 
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LH0070,LH0071 Series 









LH0070,LH0071 Series 


Absolute Maximum Ratings 




Supply Voltage 

40V 




Power Dissipation (See Curve) 

600 mW 




Short Circuit Duration 

Continuous 




Output Current 

±20 mA 




Operating Temperature Range 

-55°Cto+125°C 




Storage Temperature Range 

-65°Cto +1 50° C 




Lead Temperature (Soldering, 10 seconds) 300°C 




Electrical Characteristics (Note it 




PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Output Voltage 

T A = 25° C 





LH0070 



10.000 


V 

LH0071 



10.240 


V 

Output Accuracy 

T A = 25° C 





-0, -1 



±0.03 

±0.1 

% 

-2 



±0.02 

±0.05 

% 

Output Accuracy 

T a = -55°C, 125°C 





-0, -1 

- 



±0.3 

% 

-2 




±0.2 

% 

Output Voltage Change With 
Temperature 

' (Note 2) 





-0 




± 0.2 

% 

-1 



±0.02 

± 0.1 

% 

-2 



±0.01 

±0.04 

% 

Line Regulation 

13V < V||\] < 33V, T C = 25°C 





-0, -1 

- 


0.02 

0.1 

% 

-2 



0.01 

0.03 

% 

Input Voltage Range 


11.4 


40 

V 

Load Regulation 

0 mA < l0UT < 5 mA 


0.01 

0.03 

% 

Quiescent Current 

1.3V < V|N < 33V, Iqut = 0 mA 

1 

3 

5 

mA 

Change In Quiescent Current 

A V | (sj = 20V From 13V To 33V 


0.75 

1.5 

mA 

Output Noise Voltage 

BW = 0.1 Hz To 10 Hz, T A = 25°C 


20 * 


MVp-p 

Ripple Rejection 

f = 1 20 Hz 


0.01 


%/Vp-p 

Output Resistance 



0.2 

0.6 

n 

Long Term Stability 

T A = 25°C, (Note 3) 





-0, -1 




±0.2 

%/yr. 

-2 




±0.05 

%/yr. 

Note 1: Unless otherwise specified, these specifications apply for Vi|\| = 15.0V, R[_ = 

10 kfi, and over the temperature range of - 

55° C < T a < 

+ 125°C. 





Note 2: This specification is the difference in output voltage measured at T A = 85° C and T^ = 25° C or T/\ = 25° C and Ta = — 25° C with readings 

taken after test chamber and device-under-test stabilization at temperature using a suitable precision voltmeter. 



Note 3: This parameter is guaranteed by design and not tested. 
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Typical Performance Characteristics 


Maximum Power Dissipation 



0 25 50 75 100 125 150 

AMBIENT TEMPERATURE |°C) 


Quiescent Current vs Input 



0 5 10 15 20 25 30 35 

INPUT VOLTAGE (V) 


Normalized Output Voltage 
vs Temperature 



CASE TEMPERATURE ( C) 


Step Load Response 














|s 










f 




r 










f C L = 10 pF 







r 




















c 

= 0.01 mF 











OE 

:lt* 

\ cu 

RRE 

:nt 

= 5 n 

iA 




PULSE WIDTH = 2ns 






o 


5 


Output Short Circuit 
Characteristics 



0 5 10 15 20 25 30 


TIME (ns) 


OUTPUT CURRENT (mA) 


Noise Voltage 



BW = 0.1 Hz TO 10 Hz 


Typical Applications (Continued) 
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LH0070,LH0071 Series 







Negative 10V Reference 



Boosted Reference For 
Low Input Voltages 








a 


National 

Semiconductor 


Voltage References 


LH0075 Positive Precision Programmable Regulator 

General Description Features 

The LH0075 is a precision programmable regulator for ■ Output adjustable to OV 
positive voltages. Regulated output voltages from 0 to ■ Line regulation typically 0.008%/V 

27V may be obtained using one external resistor. Also . Load regu | ation typicaMy 0 . 0 75% 

available without any external components are several _ . 

fixed regulated voltages with accuracies to 0.1% (5V, " emote vo tage sensing 

6V, 10V, 12V and 15V). The output current limit is " Ripple rejection of 80 dB 

adjustable from 0 to 200 mA using two external resistors. ■ Adjustable precision current limit 
These features provide an inventory of precision regulated ■ Output currents to 200 mA 

values in one package. ■ Popular voltages available without external resistors 


Schematic Diagram 



Connection Diagram 


TO-8 Metal Can Package 


Typical Applications 


Precision 15V Reference Supply without Current Limit 


/OOOY., 
aD ©X 

0 ©H- v 

(*A 1 

Vo © 0/ ,s “ 


1 1 LH0075 ( 7 J 


q (EXT. PROGRAMMING 

RESISTOR PIN) 


Case is electrically isolated 


Order Number | | 

LH0075G 

LH0075CG 

See Package HI 2B # Needed if device is far from filter capacitors 
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LH0075 





LH0075 


Absolute Maximum Ratings 







Input Voltage 


32 V 





Output Voltage 


27 V 





Output Current 


200 mA 





Power Dissipation 

See Curve 





Operating Temperature Range T M in 

t max 






LH0075 

-55°C to +125°C 





LH0075C 

0° 

to +70°C 





Storage Temperature 

-65°C to +150°C 





Lead Temperature (Soldering, 10 seconds) 

300°C 





Electrical Characteristics Conditions for T M in < Ta < Tmax unless otherwise noted 






LH0075 


LH0075C 


Parameter 

Conditions 







Units 



Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Line Regulation 

T a = 25°C 


0.008 

0.02 


0.008 

0.04 

%/V 

Load Regulation 

T a = 25°C, 









1mA< Iload< 200 mA 









V 0 ut< 5.0 V 


2.5, 

7.5 


2.5 

15 

mV 


V 0 uT ^ 5.0 V 


0.055 

0.15 


0.055 

0.3 

% 

Reference Current (Iref) 

T a = 25°C, V| N = 15 V 

0.998 

1.000 

1.002 

0.995 

1.00 

1.005 

mA 

Load Regulation 

1mA< Iload< 200 mA 









Vout < 5.0 V 


4.0 

15 


4.0 

25 

mV 


Vout ^ 5.0 V 


0.075 

0.3 


0.075 

0.5 

% 

Reference Current Drift 

V|m = 15V 


-0.0065 



-0.0065 


%/°C 

(AI REF /ATemp.) 









Minimum Load Current (Ilim) 

(Note 1) 

98 

100 

102 

95 

100 

105 

mA 

Output Voltage Range 


0 


27 

0 


27 

V 

Minimum Input Voltage 


10 



10 



V 

Input-Output Differential 

T a = 25°C, 


3.0 

3.2 


3.0 

3.5 

V 

Voltage 

1 mA< Iload < 200 mA 








Quiescent Supply Current 

V, n = 15V 


6.0 

8.0 


6.5 

10 

mA 

Ripple Rejection • 

Vout = 5.0 V, f = 1 20 Hz 


65 



65 


dB 


Gref = 2.2/jF 


80 



80 

1 

dB 

Output Voltage 

T a = 25°C, (Note 2) 


±0.1 

±0.5 


±0.1 

±1.0 

% 

Tolerance 









Output Voltage Change with 

(Note 3) 


0.003 



0.003 


%/°C 

Temperature (AVoui/ATemp.) 









Note 1: Minimum load current is established by Ilim, the current from Q4 (see schematic). Ilim goes directly to the outpufif the current 

limit feature is used. 








1 Note 2: For Vjn = 15V and Vqut obtained by using R5, R6, R7, and R12 individually. 




Note 3: Total change over specified temperature range. 
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Typical Performance Characteristics 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Reference Current Change with 
Temperature (Normalized) 




TEMPERATURE TO 


TEMPERATURE (“0 


Output Voltage Change with 
Temperature (Normalized) 



-50 -25 0 25 50 75 100 125 

TEMPERATURE ( C) 


Current Limit 



-50 -25 0 25 50 75 100 125 

TEMPERATURE ( C) 


input— Output Differential 



TEMPERATURE ( C) 


Load Transient Response 
(Voltage Mode) 



0 20 40 60 80 


cc 



Load Transient Response 
(Current Mode) 






_V| 

ISI - 1 5v‘ ' ' _ 

jy = 100 in A, MAX' 





'o 


(L 




EF 

= 0 





\ 
















/ 

r 









V 














_ 










□ 


! 



q 













_ 



0 20 40 60 80 



10 100 Ik 10k 100k 1M 


TIME (us) 


TIME (;.s) 


FREQUENCY (Hz) 



100 200 300 400 

TIME (ns) 


C3 




100 200 300 400 

TIME (ns) 



10 100 Ik 10k 100k 1M . 10M 


FREQUENCY (Hz) 
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LH0075 



LH0075 


Typical Applications (cont d) 


2A Regulator with Current Limit 



Variable Voltage Reference with Current Limit 



Vout Desired 

RPROG - 

1 mA 


Applications Information 


IqUT(MAX) = 


Rlimit 

Rsense 


x lOOjuA 


l OUJ <200 mA 


The LH0075 does not require capacitors for stable 
operation, but an input bypass is recommended if device 


is far from filter capacitors. A0.1 /iF for input bypassing 
should be adequate for almost all applications. 


2-12 





Applications Information (com d) 

DESCRIPTION OF OPTIONS 

Ripple Rejection Compensation. (Increases Ripple Re- 
jection Typically to 80 dB) 

The ripple rejection may be improved by connecting an 
external capacitor between pin 9 and ground. (The 
typical performance curves show the rejection with a 
capacitance of 2.2 juFd.) 


Since a current source is used as a reference, this makes 
remote voltage programming possible. 

Current Limit Programming 

The maximum current output of the device may be 
limited by adding two external resistors as shown below. 
The resistor values are easily calculated with the 
following equation: 


Internal Voltage Programming 

The LH0075 provides various precision output voltages 
simply by using one or more of the internal resistors. 
A particular voltage may be obtained by external con- 
nections as shown in Table I. 



R5, R6, R7 and R12 are 
precision-trimmed to 0.1%. 


FIGURE 1 

External Voltage Programming 


An external .resistance can be connected between pin 9 
and ground to obtain any voltage from 0 to 27V using 
the following equation: 


Rext = 


VoUT Desired 
1 mA 


The reference current (Iref) has a typical temperature 
coefficient of —65 ppm/°C. Choosing a resistive material 
with a temperature coefficient of 65 ppm/°C will com- 
pensate the negative temperature coefficient, resulting 
in an output voltage with minimal change over the 
operating temperature range. Example of a good resistive 
material is Nichrome, which has a typical temperature 
coefficient of 80 ppm/°C. 


IOUT(MAX) = 


Rlimit . „ 

+ 1 

Rsense 


x 100/iA 


where RsENSE = 1 to 10£2 



FIGURE 2. Current Limit Programming 

This programmable current limit feature can be extended 
to make the LH0075 a programmable constant current 
source. This can be done by leaving pin 9 open and 
setting RLIMIT ancl RSENSE as desired. 

For applications where the current limit is used, a 
minimum load current of 100 /uA is established at the 
output. This arises from the fact that the constant 
current used in setting maximum output current is 
100 /iA, and it goes directly to the output of the 
LH0075. If the total current drawn from the output is 
less than the minimum, the output will rise. 

As in the remote voltage adjustment application, remote 
current sensing can be applied similarly. RsENSE must 
be placed as close to the output of the LH0075 as possi- 
ble, but RlIMIT can be a fixed resistor or potentiometer 
located remotely from the device. 


TABLE I. Connection Scheme for Internal Available Output Voltages 


OUTPUT 
VOLTAGE (V) 

PIN 5 

PIN 6 

PIN 7 

PIN 8 

PIN 9 

5 



Gnd 



6 




• 

— — • 

8 

* 

- 


- — * 

. 

10 


Gnd 

• 




12 

Gnd 


— 




15 


Gnd 




18 

• 


* 

. 
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LH0075 



LH0076 



National 

Semiconductor 


Voltage References 


LH0076 Negative Precision Programmable Regulator 


General Description 

The LH0076 is a precision programmable regulator for 
negative voltages. Regulated output voltages from 0 to 
-27 V may be obtained by using 1 external resistor. 
Also available without any external components are 
several fixed regulated voltages with accuracies to 0.1% 
(— 3V, — 5V, — 6V, — 8V, —9V, -12V, -15V and -18V). 
The output current limit is adjustable from 0 to 200 mA 
using 2 external resistors. These features provide an 
inventory of precision regulated values in 1 package. 


Features 

■ Line regulation typically 0.005%/V 

■ Load regulation typically 0.02% 

■ Remote voltage sensing 

■ Ripple rejection— 70 dB 

■ Output Adjustable to 0V 

■ Adjustable precision current limit 

■ Output current to 200 mA 


Schematic Diagram 

R8 



Connection Diagram 


Typical Application 


Metal Can Package 

c 

'SENSE 



IrEF (EXTERNAL 
PROGRAMMING 
RESISTOR PIN) 

Order Number 
LH0076G 
LH0076CG 
See Package H12B 


Case is electrically isolated 


Precision — 15V Reference Supply without Current Limit 
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Absolute Maximum Ratings 








Input Voltage 


-32 V 






Output Voltage 


-27 V 






Output Current 


200 mA 






Power Dissipation 

See Curve 






Operating Temperature Range 








LH0076 

-55°C to +125°C 






LH0076C 

-25°C to +85°C 






Storage Temperature 

-65°C to +150°C 






Lead Temperature (Soldering, 10 seconds) 

300°C 






Electrical Characteristics Conditions are for T M | N < T a < T MAX unless otherwise noted 


Parameter 

Conditions 

LH0076 

LH0076C 

Units 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 




Line Regulation 

T a = 25°C 


0.005 

0.02 


0.005 

0.04 

%/V 

Load Regulation 

T a = 25°C, 

1 mA < l| n A o ^ 200 mA 









Vout > -5.0 V 



7.5 



15 

mV 


V OU t<-5.0V 


0.02 

0.15 


0.02 

0.3 

% 

Reference Current (l REF ) 

T a = 25°C, V 1n =-15V 

0.998 

1.000 

1.002 

0.995 

1.000 

1.005 

mA 

Reference Current Drift 
(AI REF /ATemp.) 

V in .= -15V 


-0.0065 



-0.0065 


%/°C 

Minimum Load Current (Ilim) 

(Note 1) 

98 

100 

102 

95 

100 

105 


Output Voltage Range 


0 


-27 

0 


-27 

V 

Minimum Input Voltage 


-10 



-10 



V 

Input-Output Differential 

T a = 25°C, 


2.7 

3.2 


2.7 

3.5 

V 

Voltage 

1 mA < l L0AD < 200 mA 








Quiescent Supply Current 

V,n = “15 V 


11 

15 


11 

15 

mA 

Ripple Rejection 

Vout = “5.0 V, f = 1 20 Hz 


70 



70 


dB 

Output Voltage 

Tolerance 

T A = 25°C,(Note2) 


±0.1 

■ 

±0.5 


±0.1 

±1.0 

% 

Output Voltage Change with 
Temperature (AV 0 ui/ATemp.) 

(Note 3) 


0.003 



0.003 


%/°C 

1 Note 1: Minimum load current is established by Iiim, the current to Q2 (see schematic). Ilim draws directly from the output if the cur- 

rent limit feature is used. 









Note 2: For Vjn = -15 V and Vqut obtained by using R4, R5, R6, and R8 individually. 





Note 3: Total change over specified temperature range. 




• 
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LH0076 




QUIESCENT INPUT CURRENT (mA) CURRENT (mA) CHANGE (V) OUTPUT VOLTAGE CHANGE (%) POWER DISSIPATION (W) 


Typical Performance Characteristics 



TEMPERATURE < U C) 


TEMPERATURE (°C) 


TEMPERATURE ( C) 


Output Voltage Change with 
Temperature (Normalized) 



-50 -25 0 25 50 75 100 125 


TEMPERATURE ( C) 


£ * 
Ui < 
CD 

Z I- 
< < 




TEMPERATURE (°C) 


Input-Output Differential 
Voltage 



-50 -25 0 25 50 75 100 125 

TEMPERATURE fT) 


Load Transient Response 
(Voltage Mode) 


Load Transient Response 
(Current Mode) 


Line Transient Response 




0 -10 -20 -30 -40 




INPUT VOLTAGE (V) 


10 100 Ik 10k 100k 1M 10M 

f REQUENCY (Hz) 


10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 





Typical Application (Continued) 


Variable Voltage Reference with Current Limit 



2-Amp Regulator with Current Limit 



Recommended if device is far from filter capacitors 


Application Information 


The LH0076 does not require external capacitors for 
stable operation. However, an input bypass is recom- 
mended if the device is far from filter capacitors. A 
0.1 juF for input bypassing should be adequate .for 
most applications. 

DESCRIPTION OF OPTIONS 
External Voltage Programming 

An external resistance can be connected between pin 10 
and ground to obtain any voltage from 0 to —27V using 
the following equation: 


VquT desired 


The reference current (Iref) has a typical temperature 
coefficient of -60 ppm/°C. Choosing a resistive material 
with a temperature coefficient of 60 ppm/°C will com- 
pensate the negative tempco of the reference current, 
resulting in an output voltage with minimal change over 
the operating temperature range. Example of a good 
resistive material is nichrome, which has a typical 
tempco of 80 ppm/°C. Nichrome is the resistive material 
used in the LH0076, resulting in output voltage drift 
' of 20 ppm/°C typically. 
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LH0076 





LH0076 


Application Information (Continued) 


Because a current source is used as a reference, remote 
voltage programming is possible. 

Internal Voltage Programming 

The LH0076 provides various precision output voltages 
simply by using 1 or more of the internal programming 
resistors. These voltages may be obtained by using the 
connections as shown in Table I. 

RjQTAL ' s t * ie tota * resistance between pin 10 and ground 


v out = Iref x (RtotaiJ 


t) 'REFERENCE = ,mA 




R4, R5, R6 and R8 are precision trimmed to 0.1% 

FIGURE 1 


r sen$e 



For applications where the current limit is used, a 
minimum load current of 100 p A is established at the 
output. This arises from the fact that the constant 
current used in setting maximum output current is 
100 juA, and it comes directly from the output of the 
LH0076. If the total load current is less than this mini- 
mum current, the output will drop. 

As in the remote voltage adjustment application, remote 
current sensing can be applied similarly. RsENSE 
should be placed as close to the output of the LH0076 
as possible, but R LIMIT can be a resistor or potentio- 
meter located remotely from the device. 


Current Limit Programming 

The maximum current output of the device may be 
limited by adding 2 external resistors as shown in 
Figure 2. The resistor values are calculated using the 
following equation: 


x 100 /jA 


where RsENSE = 1 to 1012 

This programming current limit feature can be extended 
to make the LH0076 a programmable current sink. This 
cab be done by leaving pin 10 open and setting R LIMIT 
and RSENSE as desired. (See Figure 3). 


lOUT(MAX) = 


Rlimit 


Rsense 


+ 1 



FIGURE 3. Precision Current Sink 


TABLE I. Connection Scheme for Internally Available Output Voltages 


OUTPUT 
VOLTAGE (V) 

PIN 1 

PIN 2 

PIN 7 

PIN 10 

PIN 11 

-3 





Gnd 

-5 



• 




-6 

• 

Gnd 


0 


-8 



• 


-• 

-9 

Gnd 



• 



-12 

Gnd 





-15 


Gnd 


• 

• 

-18 


Gnd 
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National 

Semiconductor 


LM1 03 Reference Diode** 

General Description 

The LM103 is a two-terminal monolithic reference 
diode electrically equivalent to a breakdown diode. 
The device makes use of the reverse punch-through 
of double-diffused transistors, combined with ac- 
tive circuitry, to produce a breakdown character- 
istic which is ten times sharper than single-junction 
zener diodes at low voltages. Breakdown voltages 
from 1.8V to 5.6V are available; and, although the 
design is optimized for operation between 100 ju A 
and 1 mA, it is completely specified from 10 pA to 
10 mA. Noteworthy features of the device are: 

• Exceptionally sharp breakdown 

• Low dynamic impedance from 10 pA to 10 mA 


Voltage References 


• Performance guaranteed over full military tem- 
perature range 

• Planar, passivated junctions for stable operation 

• Low capacitance. 

The LM103, packaged in a hermetically sealed, 
modified TO-46 header is useful in a wide range of 
circuit applications from level shifting to simple 
voltage regulation. It can also be employed with 
operational amplifiers in producing breakpoints to 
generate nonlinear transfer functions. Finally, its 
unique characteristics recommend it as a reference 
element in low voltage power supplies with input 
voltages down to 4V. 



Schematic and Connection Diagrams 



Metal Can Package 



TOP VIEW 


Order Number LM103H 
See NS Package H02A 


Typical Applications 


Saturating Servo Preamplifier 200 mA Positive Regulator 

with Rate Feedback 



**Covered by U.S. Patent Number 3,571,630 
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LM103 



LM103 


Absolute Maximum Ratings 





Power Dissipation (note 1 ) 

Reverse Current 

Forward Current 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (soldering, 60 sec) 

250 mW 

20 mA 

100 mA 
-55° C to 125°C 
-65° C to 150°C 

300° C 





Electrical Characteristics (Note 2> 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNIT 

Reverse Breakdown Voltage Change 

10mA<I r <100 IX A 


60 

120 

mV 


100mA<I r <1 mA 


15 

50 

mV 


1 mA < l R < 10 mA 


50 

150 

mV 

Reverse Dynamic Impedance (Note 3) 

1 r = 3 m A 


5 

25 

a 


1 R = 0.3 mA 


15 

60 

£2 

Reverse Leakage Current 

V R = V z -0.2V 


2 

- 5 

ma 

Forward Voltage Drop 

1 p = 10 m A 

0.7 

0.8 

1.0 

V 

Peak-to-Peak Broadband Noise Voltage 

10 Hz<f < 100 kHz, l R = 1 mA 


300 


mV 

Reverse Breakdown Voltage Change 
with Current (Note 4) 

10mA<I r <100mA , 

100mA<I r < 1 mA 



200 

60 

mV 

mV 


1 mA< l R < 10 mA 

| 


200 

mV 

Breakdown Voltage Temperature 
Coefficient (Note 4) 

100^A<I R < 1 mA 


-5.0 


mV/°C 

Note 1: For operating at elevated temperatures, the device must be derated based on a 150°C maximum junction temperature 
and a thermal resistance of 80°C/W junction to case or 440° C/W junction to ambient (see curve). 

Note 2: These specifications apply for T/\ = 25°C and 1 ,8V < V 2 < 5.6V unless stated otherwise. The diode should not be oper- 
ated with shunt capacitances between 100 pF and 0.01 nF, unless isolated by at least a 300ft resistor, as. it may oscillate at some 
currents. For voltages between 4.3V and 5.6V, the maximum shunt capacitance is 50 pF rather than 100 pF. 

Note 3: Measured with the peak-to peak change of reverse current equal to 10% of the DC reverse current. 

Note 4: These specifications apply for-55°C < Ta < +125°C. 
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REVERSE CURRENT (A) 


Guaranteed Reverse Characteristics 



REVERSE CURRENT (mA) 



REVERSE CURRENT (mA) 


Typical Performance Characteristics 



Reverse Characteristics 


Reverse Dynamic Impedance 


REVERSE CURRENT (mA) 


Temperature Drift 


i 

LM 103-3.0 

1 

i 

i 



i 



i 



/ 

| 

125°C _ 

■*** 

if + 
[/ 


25°C 

If 

[i 


XMU- 


REVERSE VOLTAGE (V) 


0.01 0.1 1.0 10 
REVERSE CURRENT (mA) 



-75 -25 25 75 125 

TEMPERATURE (°C) 


Forward Characteristics 


Response Time 


Maximum Power Dissipation 


lif 


F0RWAR0 CURRENT (mA) 



BREAKDOWN 

VOLTAGE* 


PART 

NUMBER 

LM103H-1 .8 
LM103H-2.0 
LM103H-2.2 
LM 103H-2.4 
LM 103H-2.7 
LM103H-3.0 
LM103H-3.3 
LM 103H-3.6 
LM103H-3.9 
LM 103H-4.3 
LM103H-4.7 
LM103H-5.1 
LM 103H-5.6 



25 50 75 100 125 

AMBIENT TEMPERATURE (°C) 


* Measured at l R = 1 mA. 
Standard tolerance is ±10%. 
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LM113/LM313 


CT1 National 
dii Semiconductor 


Voltage References 


LM113/LM313 Reference Diode 


General Description 

The LM1 13/LM313 are temperature compensated, 
low voltage reference diodes. They feature ex- 
tremely-tight regulation over a wide range of 
operating currents in addition to an unusually-low 
breakdown voltage and good temperature stability. 

The diodes are synthesized using transistors and 
resistors in a monolithic integrated circuit. As such, 
they have the same low noise and long term 
stability as modern 1C op amps. Further, output 
voltage of the reference depends only on highly* 
predictable properties of components in the 1C; 
so they can be manufactured and supplied to tight 
tolerances. Outstanding features include: 

■ Low breakdown voltage: 1.220V 


■ Dynamic impedance of 0.3£2 from 500 juA to 
20 mA 

■ Temperature stability typically 1% over -55°C 
to 125°C range (LM1 13), 0°C to 70°C (LM313) 

■ Tight tolerance: ±5% standard, ±2% and ±1% 
on special order. 

The characteristics of this reference recommend it 
for use in bias-regulation circuitry, in low-voltage 
power supplies or in battery powered equipment. 
The fact that the breakdown voltage is equal to a 
physical property of silicon-the energy-band-gap 
voltage— makes it useful for many temperature- 
compensation and temperature-measurement 
functions. 


Schematic and Connection Diagrams 



Metal Can Package 


Order Number LM113H or LM313H 
See NS Package H02A 


Typical Applications 

Level Detector for Photodiode 


Low Voltage Regulator 
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Absolute Maximum Ratings Operating Conditions 


Power Dissipation (Note 1) 

100 mW 

Temperature (T A ), 

MIN 

MAX 

UNITS 

Reverse Current 

50 mA 

LM113 

-55 

+125 

°C 

Forward Current 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

50 mA 
— 65°C to +150°C 
300° C 

LM313 

0 

70 

°C 


Electrical Characteristics (Note 21 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Reverse Breakdown Voltage 






LM1 13/LM313 

Ip ~ 1 m A 

1.160 

1.220 

1.280 

V 

LM113-1 

1.210 

1.22 

1.232 

V 

LM 113-2 


1.195 

1.22 

1.245 

V 

Reverse Breakdown Voltage 

0.5mA<l R <20 mA 


6.0 

15 

mV 

Change 







| R = 1 mA 


0.2 

1.0 

ft 

Reverse Dynamic Impedance 

1 R — 1 0 m A 


0.25 

0.8 

ft 

Forward Voltage Drop 

l F = 1.0 mA 


0.67 

1.0 

V 


10 Hz<f < 10 kHz 




/iV 

RMS Noise Voltage 

l R = 1 mA 


5 


Reverse Breakdown Voltage 

0.5 mA < l R < 10 mA 



15 

mV 

Change with Current 

Tmin <T a <T max 



Breakdown Voltage Temperature 

1.0 mA< l R < 10 mA 


0.01 


%/°C 

Coefficient 

Tmin < T a < T max 




Notel: For operating at elevated temperatures, the device must be derated based on a 150°C 
maximum junction and a thermal resistance of 80°C/W junction to case or 440°C/W junction to 
ambient. 

Note 2: These specifications apply for T A = 25°C, unless stated otherwise. At high currents, 
breakdown voltage should be measured with lead lengths less than 1/4 inch. Kelvin contact sockets are 
also recommended. The diode should not be operated with shunt capacitances between 200 pF and 
0.1 /dF, unless isolated by at least a 100 £2 resistor, as it may oscillate at some currents . 

Typical Performance Characteristics 
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LM113/LM313 




National 

Semiconductor 



Voltage References 


LM129/LM329 Precision Reference 


General Description 


The LM129 and LM329 family are precision multi- 
current temperature compensated 6.9V zener references 
with dynamic impedances a factor of 10 to 100 less than 
discrete diodes. Constructed in a single silicon chip, the 
LM129 uses active circuitry to buffer the internal zener 
allowing the device to operate over a 0.5 mA to 15 mA 
range with virtually no change in performance. The 
LM129 and LM329 are available with selected tempera- 
ture coefficients of 0.001, 0.002, 0.005 and 0.01%/°C. 
These new references also have excellent long term 
stability and low noise. 

A new subsurface breakdown zener used in the LM129 
gives lower noise and better long term stability than 
conventional 1C zeners. Further the zener and tempera- 
ture compensating transistor are made by a planar 
process so they are immune to problems that plague 
ordinary zeners. For example, there is virtually no 
voltage shifts in zener voltage due to temperature cycling 
and the device is insensitive to stress on the leads. 

The LM129 can be used in place of conventional zeners 
with improved performance. The low dynamic impedance 


simplifies biasing and the wide operating current allows 
the replacement of many zener types. 

The LM129 is packaged in a 2-lead TO-46 package and is 
rated for operation over a -55°C to +125°C temperature 
range. The LM329 for operation over 0— 70° C is availa- 
ble in both a hermetic TO-46 package and a TO-92 
epoxy package. 

Features 

■ 0.6 mA to 1 5 mA operating current 

■ 0.6£2 dynamic impedance at any current 

■ Available with temperature coefficients of 0.001 %/°C 

■ 7 juV wideband noise 

■ 5% initial tolerance 

■ 0.002% long term stability 

■ Low cost 

■ Subsurface zener 



Typical Applications 

Simple Reference 


Low Cost 0— 25V Regulator 



9V TO 40V 



Adjustable Bipolar Output Reference 



2-25 


LM129/LM329 




LM129/LM329 


Absolute Maximum Ratings 


Reverse Breakdown Current 
Forward Current 
Operating Temperature Range 
LM129 
LM329 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


-55 C to +125 C 
0°C to +70° C 
-55° C to +1 50° C 
300°C 


Electrical Characteristics (Note d 


PARAMETER 

CONDITIONS 

LM129A, B, C 

LM329B, C, 

D 

UNITS 

MIN 

TYP 

MAX 

MIN TYP 

MAX 

Reverse Breakdown Voltage 

T a = 25°C, 








0.6 mA < l R < 1 5 mA 

6.7 

6.9 

7.2 

6.6 6.9 

7.25 

V 

Reverse Breakdown Change 

T a = 25°C, 







with Current 

0.6 mA < l R < 15 mA 


9 

14 

9 

20 

mV 

Reverse Dynamic Impedance 

T a = 25°C, l R = 1 mA 


0.6 

1 

0.8 

2 

a 

RMS Noise 

T a = 25°C, 








10 Hz < F < 10 kHz 


7 

20 

7 

100 

mv 

Long Term Stability 

T a = 45°C ±0.1°C, 








l R = 1 mA ±0.3% 


20 


20 


ppm 

Temperature Coefficient 

1 R = 1 m A 







LM129A, LM329A 



6 

10 

6 

10 

ppm/°C 

LM129B, LM329B 



15 

20 

15 

20 

ppm/°C 

LM129C, LM329C 



30 

50 

30 

50 

ppm/°C 

LM329D 





50 

100 

ppm/°C 

Change In Reverse Breakdown 

1 mA < l R < 15 mA 


1 


1 


ppm/°C 

Temperature Coefficient 








Reverse Breakdown Change 

1 m A < 1 R < 15mA 


12 


12 


mV 

with Current 








Reverse Dynamic Impedance 

1 mA< l R < 15 mA 


0.8 


1 


n 


Note 1 -.These specifications apply for -55 C<T A <+125 C for the LM129 and 0 C<T A <+70 C for the LM329 unless otherwise specified. The 
maximum junction temperature for an LM129 is 150°C and LM329 is 100°C. For operating at elevated temperature, devices in TO-46 package 
must be derated based on a thermal resistance of 440° C/W junction to ambient or 80°C/W junction to case. For. the TO-92 package, the derating 
is based on 180° C/W junction to ambient with 0.4” leads from a PC board and 160° C/W junction to ambient with 0.125” lead length to a PC 
board. 
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LM129/LM329 






Typical Applications (Continued) 


Positive Current Source 



Buffered Reference with Single Supply 



Connection Diagrams 


Metai Can Package 



Order Number LM129AH, LM129BH 
LM129CH, LM329AH, LM329BH, LM329CH 
or LM329DH 
See NS Package H02A 


Plastic Package 



Order Number LM329BZ, LM329CZ 
or LM329DZ 
See NS Package Z03A 





REVERSE VOLTAGE CHANGE (mV) FORWARD VOLTAGE (V) REVERSE CURRENT (A) 


Typical Performance Characteristics 


Reverse Characteristics 


-h-hTC: 


6.45 6.55 6.65 6.75 6.85 6.85 7.05 

REVERSE VOLTAGE (V) 


Forward Characteristics 


Response Time 







T i= 

-55"C^ 








= 25°C 

K 



^f[=125 

U C 







0 100 200 
TIME (ms) 


Dynamic Impedance 



0.001 0.01 0.1 1 10 

FORWARD CURRENT (mA) 


10 100 Ik II 

FREQUENCY (Hz) 


Reverse Voltage Change 


Zener Noise Voltage 


— 

— 

m 

■ 

BUI 




31 


— 

W3ZZ 







A 





LZ 






0 2 4 6 8 10 

REVERSE CURRENT (mA) 



10 100 Ik 1 

FREQUENCY (Hz) 


Low Frequency Noise Voltage 




0 2 4 6 

TIME (MINUTES) 
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LM136/LM236/LM336 


CT1 National 
MSemicor 


Voltage References 


Semiconductor 


LM136/LM236/LM336 2.5V Reference Diode 


General Description 


The LM136/LM236 and LM336 integrated circuits are 
precision 2.5V shunt regulator diodes. These monolithic 
1C voltage references operate as a low temperature 
coefficient 2.5V zener with 0.212 dynamic impedance. 
A third terminal on the LM136 allows the reference 
voltage and temperature coefficient to be trimmed easily. 

The LM136 series is useful as a precision 2.5V low voltage 
reference for digital voltmeters, power supplies or op 
amp circuitry. The 2.5V make it convenient to obtain 
a stable reference from 5V logic supplies. Further, since 
the LM136 operates as a shunt regulator, it can be used 
as either a positive or negative voltage reference. 

The LM136 is rated for operation over-55°C to +125°C 
while the LM236 is rated over a -25°C to +85°C 


Schematic Diagram 


temperature range. Both are packaged in a TO-46 package. 
The LM336 is rated for operation over a 0°C to +70° C 
temperature range and is available in either a three lead 
TO-46 package or a TO-92 plastic package. 

Features 

■ Low temperature coefficient 

■ Wide operating current of 300 juA to 10 mA 

■ 0.217 dynamic impedance 

■ ±1% initial tolerance available 

■ Guaranteed temperature stability 

■ Easily trimmed for minimum temperature drift 

■ Fast turn-on 

■ Three lead transistor package 




Typical Applications 


2.5V Reference 


2.5V Reference with Minimum Temperature Coefficient 


Wide Input Range Reference 



f Adjust to 2.490V 
*Any silicon signal diode 
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Absolute Maximum Ratings 

Reverse Current 
Forward Current 
Storage Temperature 
Operating Temperature 
LM136 
LM236 
LM336 

Lead Temperature (Soldering, 10 seconds) 


15 mA 
10 mA 
— 60°C to +1 50° C 

-55°C to +1 50° C 
-25°C to +85° C 
0°C to +70° C 
300° C 


Electrical Characteristics (Notei) 




LM136A/LM236A 


LM336B 



PARAMETER 

CONDITIONS 

LM136/LM236 


LM336 


UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Reverse Breakdown Voltage 

T A = 25°C, Ir= 1 mA 

LM 1 36/LM236/LM336 

2.440 

2.490 

2.540 

2.390 

2.490 

2.590 

V 


LM1 36A/LM236A, LM336B 

2.465 

2.490 

2.515 

2.440 

2.490 

2.540 

V 

Reverse Breakdown Change 

T A = 25° C, 


2.6 

6 


2.6 

10 

mV 

With Current 

400 gA < 1 r < 1 0 m A 








Reverse Dynamic Impedance 

T A = 25°C, Ir = 1 mA 


0.2 

0.6 


0.2 

1 

n 

Temperature Stability 

Vr Adjusted to 2.490V 

1 r = 1 m A , (Figure 2) 
0°C<T A <70°C ( LM336) 





1.8 

6 

mV 


-25° C < T A < +85° C (LM236) 


3.5 

9 




mV 


~55°C < T A < +125° C (LM136) 


12 

18 




mV 

Reverse Breakdown Change 

With Current 

400/iA< l R < 10 mA 

i 

3 

10 


3 

12 

mV 

Reverse Dynamic Impedance 

Ir = 1 mA 


0.4 

1 


0.4 

1.4 

n 

Long Term Stability 

T A = 25° C ±0.1 °C, 1 r = 1 mA 


20 



20 


ppm 


Note 1: Unless otherwise specified, the LM136 is specified from -55° C < T/\ < +125°C, the LM236 from -25° C < T/\ < +85° C and the LM336 
from 0°C < T /\ < +70°C. The maximum junction temperature of the LM136 is 150°C, LM236 is 125°C and the LM336 is 100°C. For elevated 
junction temperature, devices in the TO-46 package should be derated based on a thermal resistance of 440° C/W junction to ambient or 80°C/W 
junction to case. For the TO-92 package, the derating is based on 180° C/W junction to ambient with 0.4” leads from a PC board and 160° C/W 
junction to ambient with 0.125" lead length to a PC board. 

Typical Performance Characteristics 



0 2 4 6 8 10 

REVERSE CURRENT (mA) 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Dynamic Impedance 
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LM136/LM236/LM336 




LM136/LM236/LM336 


Typical Performance Characteristics (Continued) 


Response Time 



Reverse Characteristics 



Forward Characteristics 




-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Application Hints 


The LM136 series voltage references are much easier to 
use than ordinary zener diodes. Their low impedance 
and wide operating current range simplify biasing in 
almost any circuit. Further, either the breakdown volt- 
age or the temperature coefficient can be adjusted to 
optimize circuit performance. 


Figure 1 shows an LM136 with a 10k potentiometer 
for adjusting the reverse breakdown voltage. With the 
addition of R1 the breakdown voltage can be adjusted 
without affecting the temperature coefficient of the 
device. The adjustment range is usually sufficient to 


v + 



adjust for both the initial device tolerance and inac- 
curacies in buffer circuitry. 

If minimum temperature coefficient is desired, two 
diodes can be added in series with the adjustment po- 
tentiometer as shown in Figure 2. When the device is 
adjusted to 2.490V the temperature coefficient is mini- 
mized. Almost any silicon signal diode can be used for 
this purpose such as a 1N914, 1N4148 ora 1N457. For 
proper temperature compensation the diodes should be 
in the same thermal environment as the LM136. It is 
usually sufficient to mount the diodes near the LM136 
on the printed circuit board. The absolute resistance of 
R 1 is not critical and any value from 2k to 20k will work. 

v + 


R s 



▼ lN914 


FIGURE 1. LM136 With Pot for Adjustment of FIGURE 2. Temperature Coefficient Adjustment 

Breakdown Voltage 
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Typical Applications (Continued) 


Low Cost 2 Amp Switching Regulator^ 



Precision Power Regulator with Low Temperature Coefficient 



5V Crowbar 



Trimmed 2.5V Reference with Temperature 
Coefficient Independent of Breakdown 
Voltage 


10V 



*Does not affect temperature coefficient 







Typical Applications (Continued) 


5V Buffered Reference 



Connection Diagrams 

TO- 92 

Plastic Package 



BOTTOM VIEW 


Order Number 

LM336Z-2.5 or LM336BZ-2.5 
See Package Z03A 


Low Noise Buffered Reference 


5V 



TO-46‘ 

Metal Can Package 




Order Number 


LM136H-2.5, LM236H-2.5, LM336H-2.5, LM136AH-2.5, 
LM236AH-2.5 or LM336BH-2.5 
See Package H03H 
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LM136/LM236/LM336 



L Ml 36-5.0/ 
LM236-5.0/LM336-5.0 


National Voltage References 

Semiconductor 

LM136-5.0/LM236-5.0/LM336-5.0 5.0V Reference Diode 

General Description 

The LM136-5.0/LM236-5.0/LM336-5.0 integrated circuits 
are precision 5.0V shunt regulator diodes. These mono- 
lithic 1C voltage references operate as a low temperature 
coefficient 5.0V zener with 0.6Q dynamic impedance. A 
third terminal on the LM136-5.0 allows the reference 
voltage and temperature coefficient to be trimmed easily. 

The LM 136-5.0 series is useful as a precision 5.0V low 
voltage reference for digital voltmeters, power supplies or 
op amp circuitry. The 5.0V make it convenient to obtain a 
stable reference from low voltage supplies. Further, since 
the LM136-5.0 operates as a shunt regulator, it can be used 
as either a positive or negative voltage reference. 

The LM136-5.0 is rated for operation over -55°C to 
+ 125°C while the LM236-5.0 is rated over a -25°C to 
+ 85 °C temperature range. Both are packaged in a TO-46 


package. The LM336-5.0 is rated for operation over a 0°C to 
+ 70°C temperature range and is available in either a three 
lead TO-46 package or a TO-92 plastic package. For appli- 
cations requiring 2.5 V see LM136-2.5. 

Features 

a Adjustable 4V to 6V 

■ Low temperature coefficient 

H Wide operating current of 400 to 10 mA 
s 0.60 dynamic impedance 
H ±1% initial tolerance available 

■ Guaranteed temperature stability 

a Easily trimmed for minimum temperature drift 
n Fast turn-on 

a Three lead transistor package 



Schematic Diagram 



Typical Applications 


5.0V Reference with Minimum 
5.0V Reference Temperature Coefficient 


10V 



Trimmed 4V to 6V Reference 
with Temperature Coefficient 
Independent of Breakdown Voltage 



* Does not affect temperature coefficient 
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Absolute Maximum Ratings 

Reverse Current 15 mA 

Forward Current 10 mA 

Storage Temperature - 60°C to - 150°C 

Operating Temperature 

LM136-5.0 - 55°C to - 150°C 

LM236-5.0 - 25°C to + 85°C 

LM336-5.0 0°Cto + 70°C 

LeadTemperature(Soldering, 10 seconds) 300°C 


Electrical Characteristics (Note i) 


LM136A-5.0/LM236A-5.0 

LM136-5.0/LM236-5.0 


Typ Max 


LM336B-5.0 

LM336-5.0 


Min Typ Max 



Reverse Breakdown Voltage T A = 25°C, l R = 1 mA 

LM136-5.0/LM236-5.0/LM336-5.0 4.9 5.00 

LM136A-5.0/LM236A-5.0, LM336B-5.0 4.95 5.00 

Reverse Breakdown Change T A = 25°C, 6 

With Current 600 /iA<l R <10 mA 

Reverse Dynamic Impedance T A = 25°C, l R =1 mA 0.6 

Temperature Stability V R Adjusted 5.00V 

I R = 1 mA, (Figure 2) 

0°C<T A <70°C (LM336-5.0) 

— 25°C<T A < +85°C (LM236-5.0) 7 

— 55°C<T a < +125°C (LM1 36-5.0) 20 

Reverse Breakdown Change 600 /tA < I R < 1 0 m A 6 

With Current 

Adjustment Range ±1 

Reverse Dynamic Impedance l R =1 mA 0.8 

Long Term Stability T A = 25°C±0.1°C, l R = 1 mA 20 

Note 1: Unless otherwise specified, the LM136-5.0 is specified from - 55°C <T A < +125°C, the LM236-5.0 from - 25°C<T A < + 85°C and the LM336-5.0 from 
0°C<T A < + 70°C. 



Typical Performance Characteristics 


Reverse Voltage Change 



Zener Noise Voltage 


Dynamic Impedance 


m 



m 

u 

m 

wm 

■■ 

u 

a 


u 

■ 

mm 


1 10212=1 



REVERSE CURRENT (mA) 


LM1 36-5.0/ 
LM236-5.0/LM336-5.0 















L Ml 36-5.0/ 
LM236-5.G/LM336-5.0 


Typical Performance Characteristics (Continued) 


Response Time 




-55 -35-15 5 25 45 65 85 105 125 

TEMPERATURE (°C) 

Application Hints 

The LM136-5.0 series voltage references are much easier 
to use than ordinary zener diodes. Their low impedance 
and wide operating current range simplify biasing in 
almost any circuit. Further, either the breakdown voltage 
or the temperature coefficient can be adjusted to optimize 
circuit performance. 

Figure 1 shows an LM136-5.0 with a 10k potentiometer for 
adjusting the reverse breakdown voltage. With the addi- 
tion of R1 the breakdown voltage can be adjusted without 
affecting the temperature coefficient of the device. The 
adjustment range is usually sufficient to adjust for both 
the initial device tolerance and inaccuracies in buffer 
circuitry. 


Reverse Characteristics 



Forward Characteristics 



If minimum temperature coefficient is desired, fourdiodes 
can be added in series with the adjustment potentiometer 
as shown in Figure 2. When the device is adjusted to 5.00V 
the temperature coefficient is minimized. Almost any sili- 
con signal diode can be used for this purpose such as a 
1N914, 1N4148 or a 1N457. For proper temperature com- 
pensation the diodes should be in the same thermal envi- 
ronment as the LM136-5.0. It is usually sufficient to mount 
the diodes near the LM136-5.0 on the printed circuit board. 
The absolute resistance of the network is not critical and 
any value from 2k to 20k will work. Because of the wide 
adjustment range, fixed resistors should be connected in 
series with the pot to make pot setting less critical. 


v + 



FIGURE 1. LM136-5.0 with Pot for Adjustment of FIGURE 2. Temperature Coefficient Adjustment 

Breakdown Voltage 
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Typical Applications (Continued) 


Precision Power Regulator with Low Temperature Coefficient 



2 


5V Crowbar Adjustable Shunt Regulator 



Linear Ohmmeter 


v + 



L Ml 36-5.0/ 
LM236-5.0/LM336-5.0 
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L Ml 85-1.2/ 

LM285-1.2/LM385-1.2 




National 
Semiconductor 

LM185-1.2/LM285-1.2/LM385-1.2 
Micropower Voltage Reference Diode 

General Description 


Voltage References 


The LM185-1.2/LM285-1.2/LM385-1.2 are micropower 
2-terminal band-gap voltage regulator diodes. Operating 
over a 10 n A to 20 mA current range, they feature excep- 
tionally low dynamic impedance and good temperature 
stability. On-chip trimming is used to provide tight voltage 
tolerance. Since theLM185-1.2 band-gap reference uses 
only transistors and resistors, low noise and good long 
term stability result. 

Careful design of the LM185-1.2 has made the device ex- 
ceptionally tolerant of capacitive loading, making it easy to 
use in almost any reference application. The wide dynamic 
operating range allows its use with widely varying supplies 
with excellent regulation. Some outstanding features are: 

■ Operating current of 10 fiA to 20 mA 

■ 1% and 2% initial tolerance 

■ ID dynamic impedance 


■ Low temperature coefficient 

■ Low voltage reference— 1.235V 

■ 2.5V device also available — LM385-2.5 

The extremely low power drain of the LM185-1.2 makes it 
useful for micropower circuitry. This voltage reference can 
be used to make portable meters, regulators or general pur- 
pose analog circuitry with battery life approaching shelf 
life.' Further, the wide operating current allows it to replace 
older references with a tighter tolerance part. 

The LM185-1.2 is rated for operation over a - 55°Cto125°C 
temperature range while the LM285-1.2 is rated - 25°C to 
85°C and the LM385-1.2 0°C to 70°C. The LM185-1.2/ 
LM285-1 .2/LM385-1 .2 are available in a hermetic TO-46 
package and the LM385-1.2 is also available in a low-cost 
TO-92 molded package. 



Applications 


Centigrade Thermometer 



Calibration 

1. Adjust R1 so that 

VI = temp at 1 mV/°K 

2. Adjust V2 to 273.2 mV 
1|q for 1.3V to 1.6V battery 

voltage = 50 /tA to 150 A 
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Absolute Maximum Ratings 








Reverse Current 

30 mA 







Forward Current 

10mA 







Operating Temperature Range 









LM185-1.2 

- 55°Cto + 125°C 







LM285-1.2 

— 25°Cto + 85°C 







LM385-1.2 

0°Cto70°C 







StorageTemperature 

-55°Cto + 150°C 







LeadTemperature(Soldering, 10 seconds) 300°C 







Electrical Characteristics (Note i) 








Parameter 

Conditions 

LM185-1.2/LM285-1.2 

LM385-1.2/LM385B-1.2 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Reverse Breakdown Voltage 

T a = 25°C Imin-Ir- 20 mA 
LM185-1.2/LM285-1.2/LM385B-1.2 

1.223 

1.235 

1.247 

1.223 

1.235 

1.247 

V 


LM385-1.2 




1.205 

1.235 

1.260 

V 

Minimum Operating Current 



8 

10 


8 

15 

/* A 

Reverse Breakdown Voltage 

1 MIN — Ir— 1 mA 



1 



1 

mV 

Change with Current 




1.5 



1.5 

mV 


1 mA< I r <20 mA 



10 



20 

mV 





20 



25 

mV 

Reverse Dynamic Impedance 

1 R = 1 00 f. jlA 


0.2 

0.6 


0.4 

1 






1.5 



1.5 

fi 

Average Temperature 
Coefficient 

10 fx A<I r <20 mA (Note 2) 


20 



20 


ppm/°C 

Wide Band Noise (RMS) 

l R = 100 fiA 

10 Hz<f < 10 kHz 


60 



60 



Long Term Stability 

l R = 100 m a 

T a = 25°C ± 0.1 °C 


20 



20 


ppm/kHR 

Note 1: Boldface type applies over the operating temperature range. Thermal resistance of the TO-46 package is 440°C/W junction to ambient or 

80°C/W junction to case. Thermal resistance of the TO-92 package is 180°C/W junction to ambient. 





Note 2: Guaranteed maximum average temperature coefficient available as special order. 







Applications (Continued) 









Micropower Reference 


Reference from 




from 9V Battery 


1.5V Battery 





9V 

1 



1.5V 

1 





>500k 


4 

>3k 





Lm 


( 

b— 1.2V 




/ ALM385-1.2 


7 

tLM385-1.2 




_L_ 



J. 




i 
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LM185-1.2/ 

LM285-1.2/LM385-1.2 







LM185-1.2 / 
LM285-1.2/LM385-1.2 





LM385 Applications (Continued) 


METER THERMOMETERS 


0°C-100°C Thermometer Lower Power Thermometer 



Calibration 

1. Short LM385-1.2, adjust R3 for loUT = lem P at 1 ^A/°K 

2. Remove short, adjust R2 for correct reading in centigrade 
t| Q at 1.3V = 500 nA 

Iq at 1.6V = 2.4 mA ^ 

0°F-50°F Thermometer Micropower Thermocouple Cold Junction Compensator 



Calibration 

1. Short LM385-1.2, adjust R3 for l 0 UT = temp at J \.8nAI°K 

2. Remove short, adjust R2 for correct reading in °F 



Adjustment Procedure 

Adjust TC ADJ pot until voltage across R1 equals kelvin temperature 
multiplied by the thermocouple seebeck coefficient. 

2. Adjust zero ADJ pot until voltage across R2 equals the thermocouple 
seedbeck coefficient multiplied by 273.2. 


Thermocouple 

Seebeck 

R1 

Type 

Coefficient 

0*V/°C) 

(O 

J 

52.3 

523 

T 

42.8 

432 

K 

40.8 

412 

S 

6.4 

63.4 


R2 

Voltage 

Voltage 

(«) 

Across R1 

Across R2 


@25°C 

(mV) 

(mV) 

1.24k 

15.60 

14.32 

Ik 

12.77 

11.78 

9530 

12.17 

11.17 

1500 

1.908 

1.766 


Typical supply current 50 uA 
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LM185-1.2/ 
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LM185-2.5/ 

LM285-2.5/LM385-2.5 



National 

Semiconductor 


LM185-2.5/LM285-2.5/LM385-2.5 
Voltage Reference Diode 


Voltage References 
Micropower 


General Description 

The LM185-2.5/LM285-2.5/LM385-2.5 are micropower 
2-terminal band-gap voltage regulator diodes. Operating 
over a 20 /*A to 20 mA current range, they feature excep- 
tionally low dynamic impedance and good temperature 
stability. On-chip trimming is used to provide tight voltage 
tolerance. Since the LM185-2.5 band-gap reference uses 
only transistors and resistors, low noise and good long 
term stability result. 

Careful design of the LM185-2.5 has made the device ex- 
ceptionally tolerant of capacitive loading, making it easy 
to use in almost any reference application. The wide 
dynamic operating range allows its use with widely vary- 
ing supplies with excellent regulation. Some outstanding 
features are: 

■ Operating current of 20 nA to 20 mA 

■ 1.5% and 3% initial tolerance 


■ 10 dynamic impedance 

■ Low temperature coefficient 

■ Low voltage reference— 2.5V 

The extremely low power drain of the LM185-2.5 makes it 
useful for micropower circuitry. This voltage reference can 
be used to make portable meters, regulators or general 
purpose analog circuitry with battery life approaching 
shelf life. Further, the wide operating current allows it to 
replace older references with a tighter tolerance part. For 
applications requiring 1.2V see LM185-1.2. 

The LM185-2.5 is rated for operation over a -55°C to 
125°C temperature range while the LM285-2.5 is rated 
- 25 °C to 85°C and the LM385-2.5 0°C to 70°C. The 
LM185-2.5/LM285-2.5/LM385-2.5 are available in a 
hermetic TO-46 package and the LM385-2.5 is also 
available in a low-cost TO-92 molded package. 


Schematic Diagram 


Applications 



Wide input Range Reference 

V 1N = 3.7V TO 30V 
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Absolute Maximum Ratings 

Reverse Current 
Forward Current 
Operating Temperature Range 
LM185-2.5 
LM285-2.5 
LM385-2.5 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 


-55°Cto +125°C 

— 25°Cto +85°C 

0°Cto70°C 

- 55°C to +150°C 

300°C 


Electrical Characteristics (Note d 


Parameter 

1 LM185-2.5/LM285-2.5 

LM385-2.5/LM385B-2.5 

Units 

conditions Min 

Typ 

Max 

Min Typ 

Max 

Reverse Breakdown Voltage 

T a = 25°C; 1 min — 1 r — 20 mA 







LM185-2.5/LM285-2.5/ 2.462 

2.5 

2.538 

2.462 2.5 

2.538 

V 


LM385B-2.5 







LM385-2.5 



2.425 2.5 

2.575 

V 

Minimum Operating Current 


8 

20 

8 

20 

/x A 

Reverse Breakdown Voltage 

20 /xA<I r <1 mA 


1 


2 

mV 

Change with Current 



1.5 


2.5 

mV 


1 mA<l R <20 mA 


10 


20 

mV 




20 


25 

mV 

Reverse Dynamic Impedance 

I r = 100,xA 

0.2 

0.6 

0.4 

1 

a 




1.5 


1.5 

n 

Average Temperature 

20 /xA < 1 R < 20 mA 

20 


20 


ppm/°C 

Coefficient (Note 2) 







Wide Band Noise (RMS) 

1 R = 1 00 /xA 

120 


120 


/xV 


10 Hz< f < 10 kHz 






Long Term Stability 

l R -= 100 /xA 

20 


20 


ppm/kHR 


T A = 25°C ± 0.1 °C 







Note 1: Boldface type applies over the operating temperature range. Thermal resistance of the TO-46 package is 440°C/W junction to ambient or 80°C junc- 
tion to case. Thermal resistance of the TO-92 package is 180°C/W junction to ambient. 

Note 2: Guaranteed maximum average temperature coefficient available as special order. 


(Continued) 


Micropower Reference 
from 9y Battery 


J7 2 ' 5V 

LM385-2.5 


LM185-2.5/ 
LM285-2.5/LM 385-2.5 




LM185-2.5/ 

LM285-2.5/LM385-2.5 


Typical Performance Characteristics 


Reverse Characteristics 


Reverse Characteristics 


Forward Characteristics 



0 0.5 1.0 1.5 2.0 2.5 3.0 
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LM385-2.5 Applications 


Micropower* 5V Regulator 


Micropower* 10V Reference 


xT iN457 i JL > 

I 4 I 150 oF> 100k 


□.M385-2.5 <10M >2k 


- V 0 = 5V 
l L < 100 mA 


-4.7/iF 
- TANTALUM 



* Iq = 30 fiA standby current 


Precision 1 /*A to 1 mA Current Sources 





LM185-2.5/ 

L M 285-2. 5/ LM 385-2, 5 




LM385-2.5 Applications (Continued) 

METER THERMOMETERS 


0°C-100°C Thermometer 0°F-50°F Thermometer 



Calibration Calibration 

1. Short LM385-2.5, adjust R3 for loUT = tem P at VA/"K 1. Short LM385-2.5, adjust R3 for loUT = tem P at 1.8/tA/ 9 K 

2. Remove short, adjust R2 for correct reading in centigrade 2. Remove short, adjust R2 for correct reading in °F 


Micropower Thermocouple Cold Junction Compensator 



COLD JUNCTION 
ISOTHERMAL 
WITH LM334 


Adjustment Procedure 

1. Adjust TC ADJ pot until voltage across R1 equals Kelvin temperature 
multiplied by the thermocouple Seebeck coefficient. 

2. Adjust zero ADJ pot until voltage across R2 equals the thermocouple 
Seebeck coefficient multiplied by 273.2. 


Thermocouple 

Type 

Seebeck 

Coefficient 

(mV/°C) 

R1 

(G) 

R2 

(G) 

Voltage 
Across R1 
@25°C 
(mV) 

Voltage 
Across R2 
(mV) 

J 

52.3 

523 

1.24k 

15.60 

14.32 

T 

42.8 

432 

Ik 

12.77 

11.78 

K 

40.8 

412 

953G 

12.17 

11.17 

S 

6.4 

63.4 

150G 

1.908 

1.766 


Typical supply current 50 nA 


Improving Regulation of Adjustable Regulators 







Connection Diagrams 


TO-92 

Plastic Package 


J L 1 

° V 


TO-46 

Metal Can Package 




Order Number LM385Z-2.5 or LM385BZ-2.5 
NS Package Number Z03D . 


Order Number LM185H-2.5, LM285H-2.5, 
LM385H-2.5 or LM385BH-2.5 
NS Package Number H03A 
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LM285-2.5/LM385-2.5 



LM199/LM299/LM399 


National 

Semiconductor 


LM199/LM299/LM399 Precision 

General Description 

The LM199/LM299/LM399 are precision, temperature- 
stabilized monolithic zeners offering temperature 
coefficients a factor of ten better than high quality 
reference zeners. Constructed on a single monolithic 
chip is a temperature stabilizer circuit and an active 
reference zener. The active circuitry reduces the dynamic 
impedance of the zener to about 0.512 and allows the 
zener to operate over 0.5 mA to 10 mA current range 
with essentially no change in voltage or temperature 
coefficient. Further, a new subsurface zener structure 
gives low noise and excellent long term stability com- 
pared to ordinary monolithic zeners. The package is 
supplied with a thermal shield to minimize heater power 
and improve temperature regulation. 

The LM199 series references are exceptionally easy to 
use and free of the problems that are often experienced 
with ordinary zeners. There is virtually no hysteresis in 
reference voltage with temperature cycling. , Also, the 
LM199 is free of voltage^ shifts due to stress on the leads. 
Finally, since the unit is temperature stabilized, warm up 
time is fast. 

The LM199 can be used in almost any application in 
place of ordinary zeners with improved performance. 
Some ideal applications are analog to digital converters. 


Voltage References 


Reference 


Calibration standards, precision voltage or current sources 
or precision power supplies. Further in many cases the 
LM199 can replace references in existing equipment 
with a minimum of wiring changes. 

The LM199 series devices are packaged in a standard 
hermetic TO-46 package inside a thermal shield. The 
LM199 is rated for operation from -55°C to +125°C 
while the LM299 is rated for operation from -25°C to 
+85°C and the LM399 is rated from 0°C to +70°C. 


Features 

■ Guaranteed 0.0001 %/°C temperature coefficient 

■ Low dynamic impedance — 0.512 

■ Initial tolerance on breakdown voltage — 2% 

■ Sharp breakdown at 400/iA 

■ Wide operating current - 500juA to 10 mA 
h Wide supply range for temperature stabilizer 

■ Guaranteed low noise 

■ Low power for stabilization — 300 mW at 25°C 

■ Long term stability — 20 ppm 



Schematic Diagrams 



Metal Can Package 



Order Number LM199H, LM299H 
or LM399H 
See Package H04A 


TOP VIEW 




-W- 


m 
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Absolute Maximum Ratings 

Temperature Stabilizer Voltage 
Reverse Breakdown Current 
Forward Current 

Reference to Substrate Voltage V (RS) (Note 1) 

Operating Temperature Range 
LM199 
LM299 
LM399 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


■ 40V 

20 mA 
TmA 
40V 
-0.1V 

-55°C to +125°C 
-25°C to +85°C 
0 C to +70 C 
-55° C to +1 50°C 
300°C 


Electrical Characteristics (Note 2) 


PARAMETER 

CONDITIONS 

LM199/LM299 ] 

| LM399 | 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Reverse Breakdown Voltage 

0.5 mA< l R < 10 mA 

6.8 

6.95 

7.1 

6.6 

6.95 

7.3 . 

V 

Reverse Breakdown Voltage 

0.5 mA< 1 < 10 mA 


6 

9 


6 

12 

mV 

Change With Current 









Reverse Dynamic Impedance 

1 r = 1 mA 


0.5 

1 


0.5 

1.5 

n 

Reverse Breakdown 

-55° C < T A < 85°C ] 


0.00003 

0.0001 




%/°c 

Temperature Coefficient 

85°C<fT A <~125"C | LM1 " 


0.0005 

0.0015 




%/°c 


— 25°C<T a <85°C LM299 


0.00003 

0.0001 




%/°c 


0°C < T a < 70°C LM399 





0.00003 

0.0002 

%/°c 

RMS Noise 

10 Hz < f < 10 kHz 


7 

20 


7 

50 

A*V 

Long Term Stability 

Stabilized, 22°C < T A < 28°C, 


20 



20 


ppm 


1000 Hours, l R = 1 mA ±0.1% 








Temperature Stabilizer 

T a = 25°C. Still Air, V s = 30V 


8.5 

14 


8.5 

15 

mA 

Supply Current 

T a = -55°C 


22 

28 





Temperature Stabilizer 


9 


40 

9 


40 

V 


(Note 3) 








Supply Voltage 









Warm-Up Time to 0.05% 

V s = 30V, T a = 25° C 


3 



3 


Seconds 

Initial Turn-on Current 

9 < V s < 40, T a = 25°C, (Note 3) 


140 

200 


140 

200 

mA 


Note 1: The substrate is electrically connected to the negative terminal of the temperature stabilizer. The voltage that can be applied to either 
terminal of the reference is 40V more positive or 0.1 V more negative than the substrate. 

Note 2: These specifications apply for 30V applied to the temperature stabilizer and 55 ’C < T A < +125°C for the LM199; -25° C < T A < +85° C 
for the LM299 and 0°C < T A < +70°C for the LM399. 

Note 3: This initial current can be reduced by adding an appropriate resistor and capacitor to the heater circuit. See the performance characteristic 
graphs to determine values. 
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LM199/LM299/LM399 




LM199/LM299/LM399 


Typical Performance Characteristics 
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Heater Current (To Limit This 
Surge, See Next Graph) 
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Heater Surge Limit Resistor vs 
Minimum Supply Voltage at 
Various Minimum Temperatures 
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*Heater must be bypassed with a 2 nF 
or larger tantalum capacitor if resistors 
are used. 


Low Frequency Noise Voltage 
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LM199/LM299/LM399 




LM199A/LM299A/LM399A 


POT National 

a! Semiconductor 


Voltage References 


LM199A/LM299A/LM399A Precision Reference 

General Description 


The LM199A/LM299A/LM399A are precision, tempera- 
ture-stabilized monolithic zeners offering temperature 
coefficients a factor of ten better than high quality 
reference zeners. Constructed on a single monolithic 
chip is a temperature stabilizer circuit and an active 
reference zener. The active circuitry reduces the dynamic 
impedance of the zener to about 0.512 and allows the 
zener to operate over 0.5 mA to 10 mA current range 
with essentially no change in voltage or temperature 
coefficient. Further, a new subsurface zener structure 
gives low noise and excellent long term stability com- 
pared to ordinary monolithic zeners. The package is 
supplied with a thermal shield to minimize heater power 
and improve temperature regulation. 


The LM199A series devices are packaged in a standard 
hermetic TO-46 package inside a thermal shield. The 
LM199 is rated for operation from -55°C to +125°C 
while the LM299A is rated for operation from ~25°C 
to +85° C and the LM399A is rated from 0°C to +70°C. 

Certified Long Term Stability Devices 

All devices are tested for 1000 hours minimum at 25°C 
ambient temperature with temperature stabilizer oper- 
ating. All devices shipped with long term data which 
certifies a maximum drift for the 1000 hours of 20 ppm 
or 50 ppm. 


The LM199A series references are exceptionally easy to 
use and free of the problems that are often experienced 
with ordinary zeners. There is virtually no hysteresis in 
reference voltage with temperature cycling. Also, the 
11M199A is free of voltage shifts due to stress on the 
leads. Finally, since the unit is temperature stabilized, 
warm up time is fast. 

The LM199A can be used in almost any application in 
place of ordinary zeners with improved performance. 
Some ideal applications are analog to digital converters, 
calibration standards, precision voltage or current sources 
or precision power supplies. Further in many cases the 
LM199A can ' replace references in existing equipment 
with a minimum of wiring changes. 


Features 

■ Guaranteed 0.00005%/°C temperature coefficient 
* Low dynamic impedance — 0.512 

h Initial tolerance on breakdown voltage — 2% 

■ Sharp breakdown at 400/iA 

® Wide operating current — 500/iA to 10 mA 
h Wide supply range for temperature stabilizer 

■ Guaranteed low noise 

■ Low power for stabilization — 300 mW at 25°C 

■ Long term stability — 20 ppm 

® Certified long term stability available 


Schematic Diagrams 



Certified Long Term Stability Device 


CERTIFIED LONG 
TERM STABILITY 
ppm MAX 

ORDERING 

NUMBERS 

20 

20 

LM199AH-20 

LM299AH-20 

50 

LM399AH-50 



LM199AH-20, LM299AH, 
LM299AH-20, LM399AH 
or LM399AH-50 
See NS Package H04D 
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40V 
20 mA 
1 mA 
+40V 
-0.1V 

-55°C to +125°C 
— 25°C to +85°C 
0°C to +70° C 
-55° C to +1 50° C 
300 P C 


Electrical Characteristics (Note 2) 


PARAMETER 

CONDITIONS 

| LM199A, LM299A 

i LM399A 

UNITS , 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Reverse Breakdown Voltage 

0.5 mA < l R <10 mA 

6.8 

6.95 

7.1 

6.6 

6.95 

7.3 

V 

Reverse Breakdown Voltage 
Change With Current 

0.5 mA < l R < 10 mA 


6 

9 


6 

12 

mV 

Reverse Dynamic Impedance 

1 R = 1 m A 


0.5 

1 


0.5 

1.5 

£ l 

Reverse Breakdown 

Temperature Coefficient 

-55° C < T A < 85° C I 
85°C<T a <~125°C J LM,99A 


0.00002 

0.0005 

0.00005 

0.0010 




%/°C 

%/°C 


— 25°C < T a < 85°C LM299A 


0.00002 

0.00005 




%/°c 


0°C < T a < 70°C LM399A 





0.00003 

0.0001 

%/°c 

RMS Noise 

10 Hz < f < 10 kHz 


7 

20 


7 

50 

mv 

Long Term Stability 

Stabilized, 22°C < T A < 28- C, 

1000 Hours, l R = 1 mA ±0.1% 


20 



20 


ppm 

Temperature Stabilizer 

T a = 25°C. Still Air, V s = 30V 


8.5 

14 


8.5 

15 

mA 

Supply Current 

T a = -55°C 


22 

28 




Temperature Stabilizer 

Supply Voltage (Note 3) 


9 



9 


40 

V 

Warm-Up Time to 0.05% 

V s = 30V, T a = 25° C 


3 



3 


Seconds 

Initial Turn-on Current 

9 < V s < 40, T a = 25° C, (Note 3) 


140 



140 


mA 


Note 1: The substrate is electrically connected to the negative terminal of the temperature stabilizer. The voltage that can be applied to either 
terminal of the reference is 40V more positive or 0.1V more negative than the substrate. 

Note 2: These specifications apply for 30V applied to the temperature stabilizer and -55°C < T^< +125°C for the LM199A; -25°C < T^ < 
+85° C for the LM299A and 0°C < T^ < +70° C for the LM399A. 

Note 3: This initial current can be reduced by adding an appropriate resistor and capacitor to the heater circuit. See the performance characteristic 
graphs to determine values. 


Typical Applications 

For typical applications, see LM199 data sheet on 
preceding pages. 


Absolute Maximum Ratings 

Temperature Stabilizer Voltage 
Reverse Breakdown Current 
Forward Current 

Reference to Substrate Voltage V( RS ) (Note 1) 

Operating Temperature Range 
LM199A 
LM299A 
LM399A 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) ' 
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LM199A/LM299A/LM399A 













INITIAL HEATER CURRENT (inA) NOISE (nV/\/Hz) REVERSE CURRENT (A) 


Typical Performance Characteristics 



6.25 6.45 6.65 6.85 7.05 

REVERSE VOLTAGE (V) 


Reverse Voltage Change 



0 2 4 6 8 10 

REVERSE CURRENT (mA) 


Dynamic impedance 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Zener Noise Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 



04 8 12 16 20 

HEATER ON TIME -(SEC) 



-55 -35 -15 5 25 45 65 85 105 

TEMPERATURE (°C) 



-55 -35 -15 5 25 45 65 85 105 125 



0 2 4 6 8 10 12 14 16 18 


TURN ON TEMPERATURE (°C) 


TIME (SEC) 


Response Time 



Low Frequency Noise Voltage 



TIME (MINUTES) 
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National 

Semiconductor 


Voltage References 


LM3999 Precision Reference 

General Description 

The LM3999 is a precision, temperature-stabilized 
monolithic zener offering temperature coefficients 
a factor of ten better than high quality reference zeners. 
Constructed on a single monolithic chip is a temperature 
stabilizer circuit and an active reference zener. The 
active circuitry reduces the dynamic impedance of the 
zener to about 0.557 and allows the zener to operate 
over 0.5 mA to 10 mA current range with essentially 
no change in voltage or temperature coefficient. Further, 
a new subsurface zener structure gives low noise and 
excellent long term stability compared to ordinary 
monolithic zeners. 

The LM3999 reference is exceptionally easy to use 
and free of the problems that are often experienced 
with ordinary zeners. There is virtually no hysteresis in 
reference voltage with temperature cycling. Also, the 
LM3999 is free of voltage shifts due to stress on the 
leads. Finally, since the unit is temperature stabilized, 
warm up time is fast. 

The LM3999 can be used in almost any application in 
place of ordinary zeners with improved performance. 


Schematic Diagram 

Temperature Stabilizer 


Some ideal applications are analog to digital converters, 
precision voltage or current sources or precision power 
supplies. Further, in many cases, the LM3999 can 
replace references in existing equipment with a mini- 
mum of wiring changes. 

The LM3999 is packaged in a standard TO-92 package 
and is rated from 0°C to +70° C. 

Features 

■ Guaranteed 0.0005%/°C temperature coefficient 

* Low dynamic impedance — 0.557 

■ Initial tolerance on breakdown voltage — 5% 

* Sharp breakdown at 400;uA 

■ Wide operating current — 500/iA to 10 mA 

■ Wide supply range for temperature stabilizer 

■ Low power for stabilization — 400 mW at 25°C 

■ Long term stability — 20 ppm 


HEATER SUPPLY 
m V + 


Functional Block Diagram 

Typical Applications 


Basic Operation 

[hFa 

1 

1 

■y-s 

+ 

i V “ i 

1 " 1 1 

L _ _l 

h TEMPERATURE 
I— 1 STABILIZER 

l— , r 

1 6.95V i 

n 

H LM3999 


LM3999 





LM3999 


Absolute Maximum Ratings 

Temperature Stabilizer Voltage 

Reverse Breakdown Current 

Forward Current 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


36V 
20 mA 
0.1 mA 
0°C to +70° C 
-55°C to +1 50°C 
300° C 


Electrical Characteristics (Note 1 ) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Reverse Breakdown Voltage 

0.6mA<lR<10mA 

6.6 

6.95 

7.3 

V 

Reverse Breakdown Voltage 

Change With Current 

0.6 mA<l< 10 mA 


6 

20 

mV 

Reverse Dynamic Impedance 

Ir = 1 mA 


0.6 

2.2 

SI 

Reverse Breakdown Temperature 

Coefficient 

0°C<Ta<70°C 


0.0002 

0.0005 

%/°C 

RMS Noise 

10 Hz<f < 10 kHz 


7 


AtV 

Long Term Stability 

Stabilized, 22°C < T A < 28°C, 

1000 Hours, Ir = 1 mA ±0.1% 


20 


ppm 

Temperature Stabilizer 

Ta = 25°C, Still Air, Vs = 30V 


12 

18 

mA 

Temperature Stabilizer Supply 
Voltage 




36 

V 

* Warm-Up Time to 0.05% 

Vs = 30V, T A = 25°C 


5 


Seconds 

Initial Turn-on Current 

9< Vs <40, T A = 25°C 


140 

200 

mA 


Note 1 : These specifications apply for 30V applied to the temperature stabilizer and 0°C < T/\ < +70° C. 


Typical Performance Characteristics 



6.25 6.45 6.65 6.85 7.05 


Reverse Voltage Change 



0 2 4 6 8 10 


REVERSE VOLTAGE (V) 


REVERSE CURRENT (mA) 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Zener Noise Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Stabilization Time 

1 

0 

-1 

-2 

-3 

-4 

04 8 12 16 20 

HEATER ON TIME - (SEC) 
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TEMPERATURE (°C) 


2-64 












LM3999 






Typical Applications (Continued) 

OV to 20V Power Reference 



Precision Clamp* 


Bipolar Output Reference 



*Clamp will sink 5 mA when input 
g6es more positive than reference. 


Portable Calibrator* 



Connection Diagram 


Plastic Package 



BOTTOM VIEW 

Order Number LM3999Z 
See NS Package Z03A 


Warm-up time 10 seconds; intermittent operation 
does not degrade long term stability. 









Operational Amplifiers/Buffers 
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General Purpose, Compensated 
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LF400C Fast Settling JFET Input Operational Amplifier 3-51 
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LF412A/LF412 Low Offset, Low Drift Dual JFET Input Operational Amplifier 3-60 
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LM 1 58/LM258/LM358, LM158A/LM258A/LM358A, LM2904 
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LM741/LM741A/LM741C/LM741E Operational Amplifier 3-257 

LM747/LM747A/LM747C/LM747E Dual Operational Amplifiers 3-260 

General Purpose, Compensated (Continued) 

LM1558/LM1458 Dual Operational Amplifier 3-268 

LM2900/LM3900, LM3301, LM3401 Quad Amplifier 3-270 

LM 1 3080 Programmable Power Op Amp 3-284 

General Purpose, Uncompensated 

LF1 57/LF257/LF357 Monolithic JFET Input Operational Amplifiers 3-22 

LF157A/LF357A Monolithic JFET input Operational Amplifiers 3-22 

LM101A/LM201 A/LM301 A Operational Amplifiers 3-128 

LM709/LM709A/LM709C Operational Amplifier 3-249 

LM748/LM748C Operational Amplifier 3-265 

Op Amp— Comparator 

LM192/LM292/LM392, LM2924 Low Power Operational Amplifier/Voltage Comparator .... 3-242 


Note. For additional information on operational amplifiers, see National Semiconductor’s Hybrid Products 
Databook. 
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COMPARISON OF ELECTRICAL CHARACTERISTICS 

DC Electrical Characteristics 

AC Electrical Characteristics 

Part Number 

Vos“ Max Offset 
Voltage (mV) 

(T a = 25°C) 

AVqs/AT-— TC of 
V os (aV/° C) 

Typ 

l B — Max Bias 
Current (pA) 
(Tj = 25°C) 

Avol Large 
Signal Voltage 
Gain (V/mV) 
Min (T a = 25°C) 

SR— Slew 
Rate (V/ A s) 

. e n — Equiv. 

Input Noise 
Voltage (nV/VRz) 
(Note 2) 

| MILITARY BI-FET OP AMP (Note 1) | 

LF155 

5 

5 

100 

50 

5 

20 

LF155A 

2 

5 (max) 

50 

50 

5 

20 

LF156 

5 

5 

100 

50 

12 

12 

LF156A 

2 

5 (max) 

50 

50 

12 

12 

LF157 

5 

5 

100 

50 

50 

12 

LF157A 

2 

5 (max) 

. 50 

50 

50 

12 

LF411A 

0.5 

10 (max) 

200 

50 

10 (min) 

25 

LF411 

2 

10 

200 

50 

8 (min) 

25 

LF441A (low power) 

0.5 

10 (max) 

50 

50. 

1 

40 

LF412A Dual 

1 

10 (max) 

200 

50 

10 (min) 

25 

LF412 

3 

10 

200 

50 

8 (min) 

25 

LF442A Dual (low power) 

1 

10 

50 

50 

1 

40 

LF444 Quad (low power) 

5 

10 

50 

50 

1 

40 

INDUSTRIAL BI-FET OP AMP (Note 1) 

LF255 

5 

5 


50 

5 

20 

LF256 

5 

5 

100 

50 

12 

12 

LF257 

5 

5 

100 



12 

COMMERCIAL BI-FET AND BI-FET II OP AMP (Note 3) 

. LF351 

10 

10 

200 

25 

13 

16 

LF355 

10 

5 

200 

25 

5 

25 

LF355A 

2 

5 (max) 

50 

25 

5 

25 

LF356 

10 

5 

200 

25 

12 

15 

LF356A 

2 

5 (max) 

50 

25 

12 

15 

LF357 

10 

5 


25 

50 

15 

LF357A 

2 

5 (max) 

50 

25- 

50 

15 

LF13741 

15 

10 

200 

25 

0.5 

37 

LF411A 

0.5 

10 (max) 

200 

50 

10 

25 

LF411 

2.0 

20 

200 

50 

8 

25 

LF441A (low power) 

0.5 

10 (max) 

50 

50 

1 

40 

LF441 (low power) 

5 

10 

100 

50 

1 

40 

BI-FET II DUAL OP AMPS (CHARACTERISTICS FOR EACH AMPLIFIER) (Note 3) 

LF353 

10 

10 

200 



16 

LF412A 

1 

10 (max) 

200 



25 

LF412 

3 

20 

200 



25 

LF442A (low power) 

1 

10 (max) 

50 



40 

LF442 (low power) 

3 

20 

100 



40 

BI-FET II QUAD OP AMPS (CHARACTERISTICS FOR EACH AMPLIFIER) (Note 3) 

LF347 

10 

10 


25 

mmm 

16 

LF347B 

5 

10 

■iSi 

25 


16 

LF444A (low power) 

5 

10 

50 

50 

■ 1 IH 

40 

LF444 (low power) 

10 

10 

100 

25 


40 

TM TM 

BI-FET and BI-FET II are trademarked terms by National Semiconductor who invented the technology in 1974. 



Notel: DC electrical characteristics are -55°Cto + 125°C for Military and - 

25°C to + 85°C for Industrial unless otherwise noted; AC electrical character- 

istics are T A = 25°C, typical specifications unless noted. 





Note 2: f = 1000 Hz. 







Note 3: DC electrical characteristics are 0°C to + 70°C unless otherwise noted; AC electrical characteristics are T A = 25°C, typical specifications unless 

noted. 
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BI-FET™/BI-FET II™ 

Op Amp Selection Guide 















BI-FET /BI-FET II™ 

Op Amp Selection Guide 


SELECTiON BY DESIGN PARAMETER 


Voltage 

(T a =25°C) 



0.5 mV 

1 mV 

2 mV 

LF411A 

LF442A 

LF155A/LF355A 

LF441A 

LF412A 

LF156A/LF356A 

LF357A 


5 mV 10 mV 

2 LF347B LF355, 

2 LF 1 55/ LF 1 56/ LF 1 57 LF351 

LF255/LF256/LF257 LF353 

LF444A LF347 


10 mV 15 mV 

LF355/LF356/LF357 LF13741 


50 pA 

LF155A/LF156A/LF157A 

LF355A/LF356A/LF357A 

LF441A 

LF442A 

LF444A 


100 pA 

LF155/LF156/LF157 
LF255/ LF256/ LF257 
LF441 


Typ Equivalent 
Input Noise Voltage 
per VHz, f = 1000 Hz 
R S =100Q 


12 nV or Less 
LF156/LF156A 
LF157/LF157A 
LF256/LF257 


15 nV to 20 nV 

LF356 LF351 

LF356A LF347 

LF357 LF347B 

LF357A LF353 



0.5V/piS 

IV/jiS 

5V/piS 

LF13741 

LF441A 

LF155/LF155A 


LF441 

LF255 


LF442A 

LF442 

LF355/LF355A 


LF444A 

LF444 



12V//xS 13 V//as 

LF156 LF351 

LF156A LF353 



LF155 

LF411A 

LF13741 

LF155A 

LF411 

LF442A 

LF255 

LF412A 

LF442 

LF355 

LF412 

LF444A 

LF355A 

LF441A 

LF444 



LF351 LF411A 

LF353 LF411 

LF347 LF412A 

LF347B 


ADDITIONAL NS PRODUCTS USING BI-FET TECHNOLOGY 


• LF111 Comparator 

• LF198 Sample and Hold 

• LF11201 Series of Analog Switches 

• LF11331 Series of Analog Switches 

• LF11508 Series of Analog Multiplexers 

• LF13300 Integrating A/D Building Block 
































MILITARY TEMPERATURE RANGE: -55°C < T A 

< +1 25°C 






Device 

Input 

Offset 

Voltage 

Max 

(mV) 

Input 

Offset 

Voltage Drift 
Max 

(/uV/° C) 

Input 

Offset 

Current 

Max 

(nA) 

Input 

Bias 

Current 

Max 

(nA) 

Voltage 

Gain 

Min 

(Volts/V) 

Bandwidth 
A v = 1 
Typ 
(MHz) 

Slew Rate 
A v = 1 
Typ 
(V/jus) 

Output 

Current 

Min 

@ R L = 2k 
(m A) 

Supply Voltage 
Min Max 

(V) (V) 

Common 

Mode 

Range 

(V) 

Differential 

Input 

Voltage 

(V) 

Supply 

Current 

T a = 25° C 
Max 
(mA) 

Compensation 
Components 
Per Amplifier 

Package Types 

SINGLE OP AMPS 
















LM101A 

3 

15 

20 

100 

25k . 

1 

0.5 

5 

±3 

±22 

±12 

±30 

3 

1 

TO-5 DIP 

LM102 

7.5 

6 typ 


100 

0.999 

10 

10 

1 

(R l =8kH) 

±12 

±18 

±10 


5.5 

0 

TO-5 

LM107 

3 

15 

20 

100 

25k 

1 

0.5 

7.5 

±3 

±22 

±12 

±30 

3 

0 

TO-5 DIP 

LM108A 

1 

5 

0.4 

3 

40k 

1 

0.3 

1 

±2 

±20 ‘ 

±14 

(Note 1) 

0.6 

1 

TO-5 DIP 

LM108 

3 

15 

0.4 

3 

25k 

1 

0.3 

1 

±2 

±20 

±14 

(Note 1) 

0.6 

1 

TO-5 DIP 

LM110 

6 

12 


10 

0.999 

20 

30 

1 

(R l = 8kI2) 

±5 

±18 

±10 


5.5 

0 

TO-5 DIP 

LM112 

3 

15 

0.4 

3 

25k 

1 

0.2 

1.3 

(R l = lOkft) 

±2 

±20 

±14 

(Note 1) 

0.6 

0 

TO-5 DIP 

LM118 

4 

* 

50 

250 

20k 

15 

50 min 

6 

±5 

±18 

±11.5 

(Note 1) 

8 

0 

TO-5 DIP 

LM121A (R SET =70k) 

0.65 

0.2 

1 

30 

16k 

0.5 

* 

* 

±5 

±20 

±15 

±15 

1.5 

1 

TO-5 DIP 

LM121 (R SET =70k) 

1 

1 

3 

30 

16k 

0.5 

* 

* 

±5 

±20 

±15 

±15 

1.5 

1 

TO-5 DIP 

LM143 

6 

* 

7 

35 

50k 

1 

2.5 

4.4 

(R u >5k) 

±4 

±40 

±38 

±40 

4 

0 

TO-5 

LM144 

6 


7 

35 

50k 

2 

30 

(A v > 10) 

4.4 

(R l >5k) 

±4 

±40 

±38 

±40 

4 

1 

TO-5 . 

LF155A 

2.5 

5 

25 

0.05 

25k 

2.5 

5 

5 

±5 

±22 

±20 

±40 

4 

0 

TO-5 

LF155 

7 

20 

50 

0.1 

25k 

2.5 

5 

5 

±5 

±22 

±20 

±40 

4 

0 

TO-5 

LF156A 

2.5 

5 

25 

0.05 

25k 

5 

15 

5 

±5 

±22 

±20 

±40 

7 

0 

TO 5 

LF156 

7 

20 

50 

0.1 

25k 

5 

15 

' 5 

±5 

±22 

±20 

±40 

7 

0 

TO-5 

LF157A (A v >5) 

2.5 

10 

25 

0.05 

25k 

25 

75 

5 

±5 

±22 

±20 

±40 

7 

0 

TO-5 

LF157 (A v >5) 

7 

20 

50 

0.1 

25k 

25 

75 

5 

±5 

±22 

±20 

±40 

7 

0 

TO-5 

LF411A 

1.5 

10 

25 


25 - 

4 

15 

5 

±6 

±22 

±16 

±38 

2.8 

0 

TO-5 

LF411 

4 

20 

25 


15 

4 

15 

5 

±6 

±18 

±11 

±30 

3.4 

0 

TO-5 

LF441A 

1.5 

10 

10 


25 

1 

1 


±6 

±22 

±16 

±38 

0.200 

0 

TO-5 

LM709A 

3 

15 

250 

600 

25k 

1 

0.3 

5 

±5 

±22 

±20 

±40 

3.6 

3 

TO-5 

LM709 

6 

6 typ 

500 

1500 

25k 

1 

0.3 

5 

±9 

±18 

±8 

±5 

5.5 

3 

TO-5 DIP 

LM725A 

0.7 

2 

18 

180 

1000 

0.5 

0.005 

5 

±3 

±22 

±13.5 

±5 

3.5 

4 

TO-5 DIP 

LM725 

1.5 

5 

40 

200 

1000 

0.5 

0.005 

5 

±3 

±22 

±13.5 

±5 

3.5 

- 4 

TO-5 

LM741A 

4 

15 

70 

210 

32k 

1 

0.5 

7.5 

±3 

+22 

±12 

±30 

4.0 

0 

TO-5 DIP 

LM741 

6 

15 typ 

500 

1500 

25k 

1 

0.5 

5 

±3 

±22 

±12 

±30 

2.8 

0 

TO-5 DIP 

LM748 

6 

* 

500 

1500 

25k 

1 

0.5 

5 

±3 

±22 

±12 

±30 

2.8 

1 

TO-5 

LM4250 (V s = ±15V) 

4 


3 

7.5 

50k 

o.i 

0.03 

0.12 

(R L >100k) 

±1 

±18 

±12 

±15 

0.011 set 

0 

TO-5 DIP 

Note 1 : Inputs have shunt-diode protection; current must be limited. 

*Not specified 
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Military Op Amp Selection Guide 
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MILITARY TEMPERATURE RANGE: ~55°C < T A < +125°C 


Device 

Input 

Offset 

Voltage 

Max 

(mV) 

Input 

Offset 

Voltage Drift 
Max 
(/iV/°C) 

Input 

Offset 

Current 

Max 

(nA) 

Input 

Bias 

Current 

Max 

(nA) 

Voltage 

Gain 

Min 

(Volts/V) 

Bandwidth 
A v = 1 
Typ 
(MHz) 

Slew Rate 
A v = 1 

Typ 

(V/ps) 

Output 

Current 

Min 

@ R l = 2k 
(mA) 

Supply Voltage 
Min Max 

(V) (V) 

Common 

Mode 

Range 

(V) 

Differential 

Input 

Voltage 

(V) 

Supply 

Current 

T a = 25° C 
Max 
(mA) 
(Note 2) 

Compensation 
Components 
Per Amplifier 

Package Types 

DUAL OP AMPS 
















LF412A 

2 

10 

25 


25 

4 

15 


±6 

±22 

±16 

±38 

5.6 

0 

TO-5 

LF412 

5 

20 

25 


15 

4 

15 


±6 

±22 

±11 

±30 

6.8 

0 

TO-5 

LF442A 

2 

10 

10 


25 

1 

1 


±6 

±22 

±16 

±38 

0.200 

0 

TO-5 

LM158 

5 

* 

30 

150 

25k 

1 

* 

0.8 

±1.5 

±16 

V+-1.5 

v+ 

1.2" 

0 

TO-5 DIP 

LM1558 

6 

* 

500 

1500 

25k 

1 

0.5 

5 

±3 

±22 

±12 

±30 

5.0 

0 

TO-5 

LM747A 

4 

15 

70 

210 

32k 

1 

0.5 

7.5 

±3 

±22 

±12 

±30 , 

5.6 

0 

DIP 

LM747 

6 

* 

500 

1500 

25k 

1 

0.5 

5 

±3 

±22 

±12 

±30 

5.6 

0 

DIP 

QUAD OP AMPS 
















LF444A 

8 

10 

10 


25 

1 

1 


±6 

±22 

±16 

_ ±38 

0.8 

0 

DIP 

LM124 

7 

7 typ 

±30 

150 

50 

1.0 

* 

10 

-16 

+16 

0 to 

V+-1.5V 

V DC 

3 

0 

DIP 

LM146 (l SET = IOjuA) 

5 

5typ 

20 

100 

100k 

1.2 

0.4 

1.2 

±2 

±22 

±0.7 

±30 

2 

0 

DIP 

LM148 

6 

15 typ 

75 

325 

25k 

1 

0.6 

5 

±3 

±22 

±12 

±30 

3.6 

0 

DIP 

LM149 (A v >5) 

6 

15 typ 

75 

325 

25k 

4 

3 

5 

±3 

±22 

±12 

±30 

3.6 

0 

DIP 


Note 2: Supply current for all channels of amplifier in the package. 




INDUSTRIAL TEMPERATURE RANGE: -25°C< T A < +85°C 


Device 

Input 

Offset 

Voltage 

Max 

(mV) 

Input 

Offset 

Voltage Drift 
Max 
(pV/ v C) 

Input 

Offset 

Current 

Max 

<nA) 

Input 

Bias 

Current 

Max 

(nA) 

Voltage 

Gain 

Min 

(Volts/V) 

Bandwidth 
A v = 1 
Typ 
(MHz) 

Slew Rate 
A v = 1 
Typ 

(V/jus) 

Output 

Current 

Min 

@ R L = 2kS2 
(mA) 

Supply Voltage C ° r "^ p ° n 
Min Max ^ode 

(V) (V) R ( a "9 e 

Differential 

Input 

Voltage 

(V) 

Supply 

Current Compensation 

T A = 25 C Components Package Types 

Max Per Amplifier 

(mA) 

(Note 2) 

SINGLE OP AMPS 
















LM201A 

3 

15 

20 

100 

25k 

1 

0.5 

5 

±3 

±22 

±12 

±30 

3 

1 

TO-5 DfP 

LM202 

10 

1 5 typ 

* 

15 

0.999 

10 

10 

1 

±12 

±18 

±10 

* 

5.5 

0 

TO-5 

LM207 

2 

20 

20 

100 

25k 

1 

0.5 

5 

±3 

±22 

±12 

±30 

3 

0 

TO-5 DIP 

LM208A 

1.0 

5 

0.4 

3 

40k 

1 

0.3 

1 

±2 

±20 

±14 

(Note 1) 

0.6 

1 

TO-5 DIP 

LM208 

3 

15 

0.4 

3 

25k 

1 

0.3 

1 

±2 

±20 

±14 

(Note 1 ) 

0.6 

1 

TO-5 DIP 

LM210 

4 

. 

* 

3 

0.999 

20 

30 

1 

±5 

±18 

±10 

* 

5.5 

0 

TO-5 DIP 

LM212 

2 

15 

0.2 

2 

25k 

1 

0.3 

1 

±2 

±20 

±14 

(Note 1) 

0.6 

0 

TO-5 

LM216A 

3 

* 

0.015 

0.05 

20k 

1 

0.3 

1 

±5 

±20 

±13 

(Note 1) 

0.6 

0 

TO-5 

LM216 

10 

* 

0.05 

0.15 

10k 

1 

0.3 

1 

±5 

±20 

±13 

(Note 1 ) 

0.8 

0 

TO-5 

LM218 

4 

* 

50 

500 

25k 

15 

50 min 

5 

±5 

±18 

±11.5 

(Note 1) 

8 

0 

TO-5 DIP 

LM221A 

0.65 

0.2 

1 

30 

16k 

0.5 

* 

* 

±5 

±20 

±15 

±15 

1.5 

1 

TO-5 DIP 

(R set = 70k) 
















LM221 

1 

1 

3 

30 

16k 

0.5 

* 

* 

±5 

±20 

±15 

±15 

1.5 

1 

TO-5 DIP 

(Rset = 70k) 
















LF255 

6.5 

5 typ 

20 

50 

25k 

2.5 

5 

5 

±5 

±22 

±20 

±40 

4 

0 

TO-5 

LF256 

6.5 

5 typ 

20 

50 

25k 

5 " 

15 

5 

±5 

±22 

±20 

±40 

7 

0 

TO 5 

LF257 (A v > 5) 

6.5 

5 typ 

20 

50 

25k 

25 

75 

5 

±5 

±22 

±20 

±40 

7 

0 

TO-5 

DUAL OP AMPS 
















LM258 

7.5 

7 typ 

150 

500 

15k 

1 

0.5 

10— source 

3 

32 

V + 

32 

1.2 

0 

TO-5 DIP 









5— sink 

(±1.5) 

(±16) 

-1.5 





QUAD OP AMPS 
















LM224 

9 

7 typ 

150 

500 

15k 

1 

* 

10 

3 

32 

V + -1.5 

32 

2 

0 

DIP 

LM246 

6 

7 typ 

100 

250 

50k 

0.5 

0.4 

1.2 

±2 

±18 

±1.5 

±30 

2.5 

0 

DIP 

LM248 

7.5 

15 typ 

125 

500 

15k 

1 

0.5 

5 

±5 

±18 

±18 

±36 

4.5 

0 

DIP 

LM249 

7.5 

15 typ 

125 

500 

15k 

4 

2 

5 

±5 

±18 

±18 

±36 

4.5 

0 

DIP 

LM2900 

* 

* 

* 

200 

1.2k 

2.5 

* 

3— source 

±4 

+36 

* 

* 

10 

0 

DIP 









0.5— sink 








LM2902 

10 

* 

±50 

500 

100k 

1 

* 

20— source 

3.0 

26 

-0.3V OC 

26 V DC 

2 

0 

DIP 


(T a = 25°) 


(T a =25°C) 

(T a =2^C) 

1 typ 



8— sink 

single 

single 

to 














±1.5 

±13 

+26 V DC 














dual 

dual 






Note 1 : Inputs have shunt-diode protection; current must be limited. 












Note 2: Supply current for all channels of amplifier in the package. 












*Not specified 
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Commercial Op Amp 
Selection Guide 






COMMERCIAL TEMPERATURE RANGE 

0°C < T A < +70°C 




Device 

Input Input Input Input 

Offset Offset Offset Bias 

Voltage Voltage Drift Current Current 
Max Max Max Max 

(mV) (pV/° C) (nA) (nA) 

Voltage 

Gain 

IVlin 

(Volts/V) 

Bandwidth 

Av= 1 
Typ 
(MHz) 

Slew Rate 

Av= 1 
Typ 
(V/^s) 

Output 

Voltage 

Swing 

R L =10kft 

(V) 

Supply 
Voltage 
Min Max 

(V) (V) 

Common 

Mode 

Rejection 

Ratio 

(dB) 

Min 

Differential 

Input 

Voltage 

(V) 

Supply 
Current 
Ta = 25° C 
Max 
(mA) 
(Note 2) 

Compensation 

Components 

Package Types 

SINGLE OP AMPS 















LM301A 

10 

30 

70 

300 

15k 

1 

0.5 

5 

±3 

±18 

±12 

±30 

3 

1 

TO-5 DIP 

LM302 

20 

20 typ 

* 

30 

0.9985 

10 

10 

1 

±12 

±18 

±10 

* 

5.5 

0 

TO-5 

LM307 

10 

30 

50 

250 

15k 

1 

0.5 

5 

±3 

±18 

±12 

±30 

3 

0 

TO-5 DIP 

LM308A 

0.73 

5 

1.5 

10 

60k 

1 

0.3 

1 

±2 

±20 

±14 

(Note 1) 

0.8 

1 

TO-5 DIP 

LM308 

10 

30 

1.5 

10 

15k 

1 

0.3 

1 

±2 

±18 

±14 

(Note 1) 

0.8 

1 

TO-5 DIP 

LM310 

10 

10 typ 

* 

10 

0.999 

20 

30 

1 

±5 

±18 

±10 

* 

5.5 

0 

TO-5 DIP 

LM312 

10 

30 

1.5 

10 

15k 

1 

0.3 

1 

±2 

±18 

±14 

(Note 1) 

0.8 

0 

TO-5 

LM316A 

6 

* 

0.03 

0.1 

30k 

1 

0.3 

1 

±5 

±20 

±13 

(Note 1) 

0.6 

0 

TO-5 

LM316 

15 

# 

0.1 

0.25 

15k 

1 

0.3 

1 

±5 

±20 

±13 

(Note 1) 

0.8 

0 

TO-5 

LM318 

15 

* 

300 

750 

20k 

15 

50 

5 

±5 

±18 

±11.5 

(Note 1) 

10 

0 

TO-5 DIP 

LM321A 

0.65 

0.2 

1 

25 

12k 

0.5 

* 

* 

±5 

±20 

±15 

±15 

2.2 

1 

TO-5 

(RSET.= 70k) 
















LM321 

2.5 

1 • 

4 

28 

12k 

0.5 

* 

* 

±5 

±20 

±15 

±15 - 

2.2 

1 

TO-5 

(R S ET=70k) 
















LM343 

10 

* 

14 

55 

50k 

1 

2.5 

4 

±4 

±34 

±34 

±34 

5.0 

0 

TO-5 









(R|_>5k) 








LM344 

10 

* 

14 

55 

50k 

2 

30 

4 

±4 

±34 

±34 

±34 

5.0 

1 

TO-5 









(RL>5k) 








LF351 

10 

10 typ 

0.1 

0.2 

25k 

4 

13 

±12 

-18 

18 

70 

±30 

3.4 

0 

TO-5, Mini-DIP 

LF355A 

2.3 

5 

1 

5 

25k 

2.5 

5 

5 

±5 

±22 

±20 

±40 

4 

0 

TO-5, Mini-DIP 

LF355 

13 

5 typ 

2 

8 

15k 

2.5 

5 

5 

±5 

±18 

±16 

±30 

4 

0 

TO-5, Mini DIP 

LF356A 

2.3 

5 

1 

5 

25k 

5 

15 

5 

±5 

±22 

±20 

±40 

10 

0 

TO-5, Mini-DIP 

LF356 

13 

5 typ 

2 

8 

15k 

5 

15 

5 

±5 

±18 

±16 

. ±30 

10 

0 

TO-5, Mini-DIP 

LF357A 

2.3 

5 

1 

5 

25k 

25 

75 

5 

±5 

±22 

±20 

±40 

10 

0 

TO-5, Mini-DIP 

(A V >5) 
















LF357 

13 

5 typ 

2 

8 

15k 

25 

75 

5 

±5 

±18 

±16 

±30 

10 

0 

TO-5, Mini-DIP 

(A V > 5) 
















LF411A 

0.5 

10 

0.100 


50 

4 

15. 


±6 

±22 

±16 

±38 

1.8 

0 

TO-5, DIP 

LF411 

2.0 

20 

0.100 


25 

4 

15 


±6 

±18 

±11 

±30 

3.4 

0 

TO-5, DIP 

LF441A 

0.5 

10 

0.025 


50 

1 

1 


±6 

±22 

±16 

±38 

0.200 

0 

TO-5, DIP 

LF441 

5 

10 typ 

0.050 


25 

1 

1 


±6 

±18 

±11 

±30 

0.250 

0 

TO-5, DIP 

LF13741 

20 

10 typ 

2 

8 

15k 

1 

0.5 

5 

±4 

±18 

±16 

±30 

4 

0 

TO-5, Mini-DIP 

Note 1 : Inputs have shunt-diode protection; current must must be limited. 

*Not specified 
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COMMERCIAL TEMPERATURE RANGE 0°C<T A <+70°C 

Device 

Input Input 

Offset Offset 

Voltage Voltage Drift 
Max Max 

(mV) (/iV/° C) 

Input 

Offset 

Current 

Max 

(nA) 

Input 

Bias 

Current 

Max 

(nA) 

Voltage Bandwidth 
Gain Av = 1 

Min Typ 

(Volts/V) (MHz) 

Slew Rate 
Av = 1 
Typ 
(V/jLts) 

Output 

Voltage 

Swing 

R L =10kn 

(V). 

Supply 

Voltage 

Min Max 

(V) (V) 

Common 

Mode Differential 
Rejection Input 

Ratio Voltage 

(dB) (V) 

Min 

Supply 

Current 

Ta = 25°C Compensation 
Max Components 

(mA) 

(Note 2) 

Package Types 

SINGLE OP AMPS (Continued) 














LM709C 

10 

12 typ 

500 

1500 

15k 

1 

0.3 

5 

±9 

±18 

±8 

±5 

6.6 

3 

TO-5 DIP 

LM725C 

3.5 

2 typ 

50 

250 

125k 

0.5 

0.005 

5 

±3 

±22 

±13.5 

±5 

5 

4 

TO-5 DIP 

LM741C 

7.5 

15 typ 

300 

800 

15k 

1 

0.5 

5 

±3 ' 

±18 

±12 

±30 

2.8 

0 

TO-5 DIP 

LM741E 

4 

15 

70 

210 

. 32k 

1 

0.5 

7.5 

+3 

±18 

±12 

±30 

3.75 

0 

TO-5 DIP ~ 

LM748C 

6 

6 

0.5 

1.5 

25k 

1 

0.5 

5 

±3 

±18 

±12 

±30 

2.8 

1 

TO-5 DIP 

LM4250C 

6 

* 

8 

10 

50k 

0.1 

0.03 

0.12 

±1 

±18 

±12 

±15 

0.011 

0 

TO-5 DIP 








o 

A 

> 

< 

(R L >100k) 





(Set) 



DUAL OP AMPS 















LF353 

10 

10 typ 

0.1 

0.2 

25k 

4 

13 

±12 

-18 

18 

70 

±30 

6.5 

0 

TO-5, DIP 

LF412 

3 

20 

0.100 

25 

4 

15 


±6 

±18 

±11 

±30 

6.8 

0 

TO-5, DIP 

LF412A 

1 

10 

0.100 

50 

4 

15 


±6 

±22 

±16 

±38 

5.6 

0 

TO-5, DIP 

LF442 



0.100 

25 

1 

1 


±6 

±18 

±11 

±30 

0.500 


TO-5, DIP 

LF442A 

1 

10 

0.050 

50 

1 

1 


±6 

±22 

±16 

±38 

0.400 

0 

TO-5, DIP 

LM358 

7.5 

7 typ 

150 

500 

15k 

1 

* 

8 

±1.5 

±15 

V+-1.5 

V + 

1.2 

0 

TO-5 DIP 

LM1458 

6 

* 

300 

800 

15k 

1 

0.2 

5 

±3 

±18 

±15 

±30 

5.6 

0 

TO-5 DIP 

LM747C 

6 

* 

300 

800 

15k 

1 

0.5 

5 

±3 

±18 

±12 ' 

±30 

5.6 

0 

TO-5 DIP 

LM747E 

4 

15 

70 

210 

32k 

1 

0.5 

7.5 

±3 

±18 

±12 

±30 

5.6 

0 

TO-5 DIP 

QUAD OP AMPS 















LF347 

10 

10 typ 

0.01 

0.2 

25k 

4 

13 

±12 

-18 

18 

70 

±30 

11 

0 

N, J 

LF347A 

5 

10 typ 

0.1 

0.2 

50k 

4 

13 

±12 

-18 

18 

80 

±30 

11 

0 

N, J 

LF444 

10 

10 typ 

0.100 

25 

1 

1 


±6 

±18 

±11 

±30 

1 

0 

DIP 

LF444A 

5 

10 typ 

0.050 

50 

1 

1 


±6 

±22 

±16 

±38 

0.8 

0 

DIP 

LM324 

9 

7 typ 

150 

500 

15k 

1 

* 

10-source 

3 

32 

V+-1.5 

32 

2 

0 

DIP 









5-sink 

(±1 ,5)(± 1 6) 






LM346 

5 

10 typ 

100 

250 

100k 

0.8 

0.4 

±12 

-18 

18 

70 

±30 

0.62 

0 

N, J 

LM348 

7.5 

15 typ 

100 

400 

15k 

1 

* 

5 

±5 

±18 

±18 

±36. 

4.5 

0 

DIP 

LM349 

7.5 

15 typ 

100 

400 

15k 

4 

3 

5 

±5 

±18 

±18 

±36 

4.5 

0 

DIP 

(A V > 5) 
















LM3900 

* 

* 

* 

200 

2.8k 

2.5 

20 

10 

4 

36 

* 

* 

10 

0 

DIP- 










(±2) 

(±18) 






Note 2: Supply current for all channels of amplifier in the package 


CO 
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Hybrid Operational Amplifier and Hybrid Buffer Amplifier Guides 


HYBRID OPERATIONAL AMPLIFIERS 



Input 

Offset 

Voltage 

Max 

(mV) 

Input 

Offset 

Voltage 

Drift 

Typ 

tpVI X) 

Input 

Offset 

Current 

Max 

<nA) 

Input 

Bias 

Current 

Max 

<nA) 

Voltage 

Gain 

Min 

(Volts/mV) 

Bandwidth 

Slew Rate 

Output 

Current 

(mA) 

Supply Voltage 

Temperature Range 

* 

Features 

Typ 

(MHz) 

Typ 
(V/m s) 

Min 

(V) 

Max 

(V) 

— 55°C to 
125°C 

— 25°C to 
85 °C 

0°C to 

70 °C 

Page 

Number 

Wideband 

3 

4 

200 

2000 

15 

30 

30 

±100 

±5 

±20 

LH0003 

LH0003C 


1-4 

High Voltage 

1 

4 

20 

100 

30 

1 

0.25 

±15 

±5 

±45 . 

LH0004 



1-6 


1.5 

4 

45 

120 


1 

0.25 

±15 

±5 

±45 


LH0004C 


1-6 

Wideband 

3 

10 

5 

25 

4 

30(1) 

20.(1) 

±50 

±9 

±20 

LH0005A 



1-9 


10 

20 

20 

50 

* 2 

30(1) 

20(1) 

±50 

±9 

±20 

LH0005 



1-9 


10 

25 

25 

100 

2 

30(1) 

20(1) 

±50 

±9 

±20 


LH0005C 


1-12 

High Gain Medium Power 

2.5 

10 

50 

. 250 

100 

1 

0 25 

±40 

±5 

±22 

LH0020 



1-14 


6 

10 

200 

500 

50 

1 

0.25 

±40 

±5 

±22 


LH0020C 


1-14 

High Power 

3 

3 

100 

300 

100 

1 

3 

±1000 

±5 

±18 

LH0021 



1-16 


6 

5 

200 

500 

100 

1 

3 

±1000 

±5 

±18 


LH0021C 


1-16 


3 

3 

100 

300 

100 

1 

3 

±200 

±5 

±18 

LH0041 



1-16 


6 

5 

200 

500 

100 

1 

3 

±200 

±5 

±18 


LH0041C 


1-16 


4 

5 

100 

300 

50 

15 

70 

±500 

±5 

±18 

LH0061 



1-56 


10 

5 

200 

500 

25 

15 

10 

±500 

±5 

±18 


LH0061C 


1-56 

General Purpose FET Input 

4 

5 

0.002 

0.01 

100 

1 

3 

±10 

±5 

±22 

LH0022 



1-23 


6 

5 

0.005 

0.025 

75 

1 

3 

±10 

±5 

±22 


LH0022C 


1-23 


20 

5 

0.005 

0 025 

50 

1 

3 

±10 

±5 

±22 

LH0042 



1-23 


20 

10 

0.01 

0.05 

25 

1 

3 

±10 

±5 

±22 


LH0042C 


1-23 


0.5 

2 

0.0005 

0.0025 

100 

1 

3 

±10 

±5 

±22 

LH0052 



1-23 


1 

5 

0.001 

0 005 

75 

1 

3 

±10 

±5 

±22 


LH0052C 


1-23 

Wideband High Slew Rate 

4 

20 

5.000 

30.000 

■4 

50 

500 

±10 

±9 

' ±18 

LH0024 



1-30 


8 

25 

15.000 

40.000 

3 

50 

400 

±10 

±9 

±18 


LH0024C 


1-30 

Wideband FET Input 

5 

25 

0 025 

0.1 

1 

70 

500 

±10 

±5 

±18 

LH0032 



1-33 

• 

15 

25 

0.05 

0.2 

1 

70 

500 

±10 

±5 

±18 


LH0032C 


1-33 

Precision FET Input 

0.05 

0.2 

5 

30 

500 

0.4 

0.06 

±1.3’ 

±3 

±20 

LH0044 



1-39 


0.1 

0.2 

5 

30 

500 

0.4 

0.06 

±1.3 

±3 

±20 


LH0044C 


1-39 


0 025 

0.1 

2.5 

15 

1.000 

0.4 

0.06 

±1.3 

±3 

±20 

.LH0044A 



1-39 


0.025 

0.1 

2.5 

15 

1,000 

0.4 

0.06 

±1.3 

±3 

±20 


LH0044AC 


1-39 


0.05 

0.2 

5 

30 

500 

0.4 

0.06 

±1.3 

±3 

±20 


LH0044B 


,1-39 

Medium Speed. FET Input 

5 

5 

0.002 

0.01 

50 

15 

70 

±6 

±5 

±20 

LH0062 



1-59 


15 

10 

0 005 

0.065 

25 

15 

70 

±6 

±5 

±20 

. 

LH0062C 


1-59 

Dual Precision 

2 

15 

10 

75 

50 

1 

0.5 

±5, 

±3 

±22 

LH2101A 



1-91 


2 

15 

10 

75 

50 

1 

0.5 

±5 

±3 

±22 


LH2201A 


1-91 


7.5 

30 

50 

250 

25 

1 

0.5 

±5 

±3 

±22 



LH2301A 

1-91 


0.5 

5 

0.2 

2 

80 

1 

0.3 

±1 

±2 

±20 

LH2108A 



1-93 


0.5 

5 

0.2 

2 

80 

1 

0.3 

±1 

±2 

. ±20 


LH2208A 


1-93 


0.5 

5 

1.0 

7 

80 

1 

0.3 

±1 

±2 

±20 



LH2308A 

1-93 

■ 

2 

15 

0.2 

2 

50 

1 

0.3 

±1 

±2 

±20 

LH2108 



1-93 


2 

15 

0.2 

2 

50 

1 

0.3 

±1 

±2 

±20 


LH2208 


1-93 


75 

30 

1.0 

7 

50 

1 

0.3 

±1 

±2 

±20 



LH2308 

1-93 

Dual Low Power 

3 

_ 

5 

15 

100 

0.25 

0.16 

±0.75 

±1 

±18 

LH24250 



1-95 


6 

~ 

10 

30 

75 

0.25 

0.16 

±0.75 

±1 

±18 j 


LH24250C 

1 

1-95 


Note: For information on monolithic operational amplifiers, consult the Linear Databook. 
Note 1: Specified for A v = -10. 

* Refers to Hybrid Products Databook, 1982 edition 


HYBRID BUFFER AMPLIFIERS 


Features 

Voltage 

Gain 

(min) 

Output 

Current 

Slew 

Rate 

Input 

Impedance 

Part Number 

* 

Page 

Number 

-55°C to 
125°C 

-25°C to 
85°C 

Bipolar Input, medium speed 

0 95 

± 100 mA 

200V/ms 

180 KQ 

LH0002H 

LH0002CH 

2-4 







LH0002CN 

2-4 

FET Input, high speed 

0 97 

± 100 mA 

IOOOV/ms 

10 10 Q 

LH0033G 

’ LH0033CG 

2-7 







LH0033CJ 

2-7 

FET Input, very high speed 

0 95 

± 250 mA 

2000V/ m S 

10 10 ft 

LH0063K 

LH0063CK 

2-7 


* Refers to Hybrid Products Databook, 1982 edition 

1 
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National 

Semiconductor 


Operational Amplifiers/ Buffers 


Definition of Terms 

Bandwidth: That frequency at which the voltage gain 
is reduced to M\j2 times the low frequency value. 

Common-Mode Rejection Ratio: The ratio of the input 
common-mode voltage range to the peak-to-peak change 
in input offset voltage over this range. 

Harmonic Distortion: That percentage of harmonic 
distortion being defined as one-hundred times the ratio 
of the root-mean-square (rms) sum of the harmonics to 
the fundamental. % harmonic distortion = 

(M2 2 + V3 2 + V4 2 + . . .) 1/2 (100%) 

VI 

where VI is the rms amplitude of the fundamental and 
M2, M3, V4, ... are the rms amplitudes of the individual 
harmonics. 

Input Bias Current: The average of the two input 
currents. 

Input Common-Mode Voltage Range: The range of 
voltages on the input terminals for which the amplifier 
is operational. Note that the specifications are not 
guaranteed over the full common-mode voltage range 
unless specifically stated. 

Input Impedance: The ratio, of input voltage to input 
current under the stated conditions for source resistance 
(Rs) and load resistance (R|_). 

Input Offset Current: The difference in the currents 
into the two input terminals when the output is at zero. 

Input Offset Voltage: That voltage which must be 
applied between the input terminals through two equal 
resistances to obtain zero output voltage. 

Input Resistance: The ratio of the change in input 
voltage to the change in input current on either input 
with the other grounded. 

Input Voltage Range: The range of voltages on the 
input terminals for which the amplifier operates within 
specifications. 


Large-Signal Voltage Gain: The ratio of the output 
voltage swing to the change in input voltage required 
to drive the output from zero to this voltage. 

Output Impedance: The ratio of output voltage to 
output current under the stated conditions for source 
resistance (Rg) and load resistance (R|_). 

Output Resistance: The small signal resistance seen at 
the output with the output voltage near zero. 

Output Voltage Swing: The peak output voltage swing, 
referred to zero, that can be obtained without clipping. 

Offset Voltage Temperature Drift: The average drift 
rate of offset voltage for a thermal variation from room 
temperature to the indicated temperature extreme. 

Power Supply Rejection: The ratio of the change in 
input offset voltage to the change in power supply 
voltages producing it. 

Settling Time: The time between the initiation of the 
input step function and the time when the output 
voltage has settled to within a specified error band of 
the final output voltage. 

Slew Rate: The internally-limited rate of change in 
output voltage with a large-amplitude step function 
applied to the input. 

Supply Current: The current required from the power 
supply to operate the amplifier with no load and the 
output midway between the supplies.. 

Transient Response: The closed-loop step-function 
response of the amplifier under small-signal conditions. 

Unity Gain Bandwidth: The frequency range from dc to 
the frequency where the amplifier open loop gain rolls 
off to one. 

Voltage Gain: The ratio of output voltage to input 
voltage under the stated conditions for source resis- 
tance (Rs) and load resistance (RjJ. 
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Definition of Terms 





LF147/LF347 


T/PA National Operational 

JSZi Semiconductor 

LF147/LF347 Wide Bandwidth Quad J FET 
Input Operational Amplifiers 

General Description Features 


Operational Amplifiers/Buffers 


The LF147 is a low cost, high speed quad JFET input 
operational amplifier with an internally trimmed input 
offset voltage (BI-FET II™ technology). The device 
requires a low supply current and yet maintains a large 
gain bandwidth product and a fast slew rate. In addition, 
well matched high voltage JFET input devices provide 
very low input bias and offset currents. The LF147 is 
pin compatible with the standard LM148. This feature 
allows designers to immediately upgrade the overall per- 
formance of existing LF148 and LIV1124 designs. 

The LF147 may be used in applications such as high 
speed integrators, fast D/A converters, sample-and-hold 
circuits and many other circuits requiring low input 
offset voltage, low input bias current, high input imped- 
ance, high slew rate and wide bandwidth. The device 
has low noise and offset voltage drift. 



Internally trimmed offset voltage 2 mV 

Low input bias current 50 pA 

Low input noise current 0.01 pAA/Hz 

Wide gain bandwidth 4 MHz 

High slew rate 13 V/jus 

Low supply current 7.2 mA 

High input impedance i 10^2^2 

Low total harmonic distortion Ay = 10, <0.02% 

F?L = 10k, Vo = 20 Vp-p, BW = 20 Hz-20 kHz 
Low 1/f noise corner 50 Hz 

Fast settling time to 0.01% 2 /is 


Simplified Schematic 


1/4 Quad 



INTERNALLY 

TRIMMED 



Connection Diagram 


Dual-ln-Line Package 

OUT 4 IN 4“ IN 4+ V" IN 3 + IN 3" OUT 3 
1 14 1 13 I 12 111 1 10 | 9 I 


Order Number LF147D or LF347D 
See NS Package D14E 

Order Number LF347BN or LF347N 
See NS Package N14A 


1 2 3 4 5 6 


OUT 1 INI - IN 1 + V + IN 2 + IN 2" OUT 2 
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Absolute Maximum Ratings 



LF147 

LF347B/ 

LF347 

Supply Voltage 

±22V 

±18V 

Differential Input Voltage 

±38V 

±30V 

Input Voltage Range 
(Note 1 ) 

±19V 

±15V 

Output Short Circuit 

Continuous 

Continuous 


Duration (Note 2) 


DC Electrical Characteristics (Note 5) 



LF147 

LF347B/LF347 

Power Dissipation 

900 mW 

500 mW 

(Note 3) 

Tj max 

1 50°C 

1 1 5°C 

°jA 

100°C/W 

1 50°C/W 

Operating Temperature 

(Note 4) 

(Note 4) 

Range 

Storage Temperature 

— 65°C <T a 

< 1 50° C 

Range 

Lead Temperature 

300°C 

300°C 


(Soldering, 10 seconds) 


SYMBOL 

PARAMETER 

CONDITIONS 

| LF147 

LF347B | 

LF347 , -| 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Vos 

Input Offset Voltage 

RS= lOkft, Ta = 25°C 


1 

5 


3 

5 


5 

10 

mV 



Over Temperature 



8 



7 



13 

mV 

AVos/AT 

Average TC of Input Offset 

RS= 10 kft 


10 



10 



10 


pV/°C 


Voltage 












los 

Input Offset Current 

Tj = 25°C, (Notes 5, 6) 


25 

100 


25 * 

100 


25 

100 

PA 



Over Temperature 



25 



4 



4 

nA 

IB 

Input Bias Current 

Tj = 25 °C, (Notes 5, 6) 


50 

200 


50 

200 


50 

200 

PA 



Over Temperature 



50 



8 



8 

nA 

Rin 

Input Resistance 

Tj = 25° C 


1012 



1012 



1012 


£2 

A VOL 

Large Signal Voltage Gain 

V S = ±15V, Ta = 25°C 

50 

100 


50 

100 


25 

100 


V/mV 



Vo = ±10V, Rl = 2 kft 













Over Temperature 

25 



25 



15 



V/mV 

Vo 

Output Voltage Swing 

Vs = ±15V, R|_ = lOkft 

±12 

±13.5 


±12 

±13.5 


±12 

±13.5 


V 

VCM 

Input Common-Mode Voltage 

Vs = ±15V 

±11 

+15 


±11 

+15 


±11 

+ 15 


V 


Range 



-12 



-12 



-12 


V 

CMRR 

Common-Mode Rejection Ratio 

R S < lOkft 

80 

100 


80 

100 


70 

100 


dB 

PSRR 

Supply Voltage Rejection Ratio 

(Note 7) 

80 

100 


80 

100 


70 

100 


dB 

is 

Supply Current 



7.2 

11 


7.2 

11 


7.2 

11 

mA 


AC Electrical Characteristics (Note 5) 


SYMBOL 

PARAMETER 

CONDITIONS 

LF147 | 

LF347B | 

LF347 | 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITo 


Amplifier to Amplifier Coupling 

Ta = 25°C, 
f = 1 Hz-20 kHz 

(Input Referred) 


-120 



-120 



-120 


dB 

SR 

Slew Rate 

V S = ±15V,Ta = 25°C 


13 


| 

13 



13 


V/ps 

GBW 

Gain-Bandwidth Product 

V S = ±15V,Ta = 25°C 


4 



4 



4 


MHz 

e n 

Equivalent Input Noise Voltage 

Ta = 25°C, Rs= 100ft, 
f = 1000 Hz 


20 



20 



2° 


nV/y/Hz 

•n 

Equivalent Input Noise Current 

Tj = 25° C, f = 1000 Hz 


0.01 

I 


0.01 



0.01 


pA/\/Hz 


Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 2: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the 
maximum junction temperature will be exceeded. 

Note 3: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 0jA- 

Note 4: The LF147 is available in the military temperature range — 55°C < T/\ < 125°C, while the LF347B and the LF347 are available in the 
commercial temperature range 0°C < Ta < 70°C. 

Note 5: Unless otherwise specified the specifications apply over the full temperature range and for Vs = ±20V for the LF147 and for Vs = ±15V 
for the LF347B/LF347. Vqs, Ib» and l0S are measured at Vqm = 0. 

Note 6. The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, 
Tj. Due to limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction 
temperature rises above the ambient temperature as a result of internal power dissipation, P^. Tj = T/\-+ 0jA ?D where 0jA ' s the thermal resist- 
ance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a minimum. 

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common 
practice. 
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LF147/LF347 




LF147/LF347 


Typical Performance Characteristics 


Input Bias Current 



-10 -5 0 5 10 

COMMON-MODE VOLTAGE (V) 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Supply Current 



0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


Positive Common-Mode 
Input Voltage Limit 



0 5 10 15 20 25 

POSITIVE SUPPLY 
VOLTAGE (V) 


Negative Common-Mode 
Input Voltage Limit 



0 -5 -10 -15 -20 -25 

NEGATIVE SUPPLY 
VOLTAGE (V) 



0 10 20 30 40 

OUTPUT SOURCE CURRENT (mA) 


Negative Current Limit 


Output Voltage Swing 



0 10 20 30 40 

OUTPUT SINK CURRENT (mA) 



0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


Output Voltage Swing 



0.1 1 10 
Rl- 0UTPUT LOAD (kft) 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Bode Plot 



0.1 1 10 100 
FREQUENCY (MHz) 



, -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 
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Typical Performance Characteristics (Continued) 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Undistorted Output Voltage 
Swing 


Open Loop Frequency 
Response 



10k 100k 1M 

FREQUENCY (Hz) 



1 10 100 Ik 10k 100k INI 10M 

FREQUENCY (Hz) 


Common-Mode Rejection 
Ratio 



FREQUENCY (Hz) 


Power Supply Rejection 
Ratio 



10 100 Ik 10k 100k INI 


FREQUENCY (Hz) 


Equivalent Input Noise 
Voltage 



10 100 Ik 10k 100k 

■ FREQUENCY (Hz) 


Open Loop Voltage Gain 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Output Impedance 



100 Ik 10k 100k INI 

FREQUENCY (Hz) 



0.1 1 10 
SETTLING TIME (/is) 



3-17 


LF147/LF347 



LF147/LF347 


Pulse Response R L =2kn,c L = iopf 


Small Signal Inverting 



TIME (0.2 ms/DIV) 


Small Signal Non-Inverting 



TIME (0.2 jus/DIV) 



Current Limit (R|_ = 10012) 



TIME (5 ms/DIV) 


Application Hints 

The LF147 is an op amp with an internally trimmed 
input offset voltage and J F ET input devices (B I -F ET 1 1™). 
These JFETs have large reverse breakdown voltages from 
gate to source and drain eliminating the need for clamps 
across the inputs. Therefore, large differential input 
voltages can easily be accommodated without a large 
increase in input current. The maximum differential 
input voltage is independent of the supply voltages. 
However, neither of the input voltages should be 


allowed to exceed the negative supply as this will cause 
large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative common-mode limit on either 
input will cause a reversal of the phase to the output 
and force the amplifier output to the corresponding 
high or low state. Exceeding the negative common-mode 
limit on both inputs will force the amplifier output to a 
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Application Hints (Continued) 

high state. In neither case does a latch occur since 
• raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a 
normal operating mode. 

Exceeding the positive common-mode limit on a single 
input will not change the phase of the output; however, 
if both inputs exceed the limit, the output of the ampli- 
fier will be forced to a high state. 

The amplifiers will operate with a common-mode input 
voltage equal to the positive supply; however, the gain 
bandwidth and slew rate may be decreased in this condi- 
tion. When the negative common-mode voltage swings 
to within 3V of the negative supply, an increase in input 
offset voltage may occur. 

Each amplifier is individually biased by a zener reference 
which allows normal circuit operation on ±4.5V power 
supplies. Supply voltages less than these may result in » 
lower gain bandwidth and slew rate. 

The LF147 will drive a 2 kfl load resistance to ±10V 
over the full temperature range. If the amplifier is forced 
to drive heavier load currents, however, an increase in 
input offset voltage may occur on the negative voltage 
swing and finally reach an active current limit on both 
positive and negative swings. 

Precautions should be taken to ensure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 


backwards in a socket as an unlimited current surge 
through the resulting forward diode within the 1C could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize "pick-up" and maximize the 
frequency of the feedback pole by minimizing the 
capacitance from the input to ground. 

A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually the 
inverting input) to AC ground set the frequency of the 
pole. In many instances the frequency of this pole is 
much greater than the expected 3 dB frequency of the 
closed loop gain and consequently there is negligible 
effect on stability margin. However, if the feedback 
pole is less, than approximately 6 times the expected 
3 dB frequency a lead capacitor should be placed from 
the output to the input of the op amp. The value of the 
added capacitor should be such that the RC time con- 
stant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole 
time constant. 


Detailed Schematic 
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LF147/LF347 




LF147/LF347 






Typical Applications (Continued) 


Universal State Variable Filter 


100k 



For circuit shown: 

f 0 = 3kHz,f NOT CH = 9-5kHz 

Q = 3.4 
Passband gain: 

Highpass — 0.1 
Bandpass — 1 
Lowpass — 1 
Notch — 10 


• f 0 x Q < 200 kHz 

• 10V peak sinusoidal output swing without slew limiting to 200 kHz 

• See LM148 data sheet for design equations 
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LF155/LF156/LF157 Series 




National 

Semiconductor 


Operational Amplifiers/Buffers 


LF155/LF156/LF157 Series Monolithic 
JFET Input Operational Amplifiers 



BI-FET Technology 


LF155, LF155A, LF255, LF355, LF355A, LF355B Low Supply Current 
LF1S6, LF156A, LF2S6, LF356, LF356A, LF356B Wide Band 

LF157, LF157A, LF257, LF357, LF357A, LF357B Wide Band Decompensated (A Vm , n = 5) 


General Description 

These are the first monolithic JFET input operational 
amplifiers to incorporate well matched, high voltage 
JFETs on the same chip with standard bipolar transistors 
(BI-FET Technology). These amplifiers feature low input 
bias and offset currents, low offset voltage and offset 
voltage drift, coupled with offset adjust which does not 
degrade drift or common-mode rejection. The devices 
are also designed for high slew rate, wide bandwidth, 
extremely fast settling time, low voltage and current 
noise and a low 1/f noise corner. 

Advantages 

■ Replace expensive hybrid and module FET op amps 

■ Rugged JFETs allow blow-out free handling compared 
with MOSFET input devices 

■ Excellent for low noise applications using either high 
or low source impedance— very low 1/f corner 

■ Offset adjust does not degrade drift or common-mode 
rejection as in most monolithic amplifiers 

■ New output stage allows use of large capacitive loads 
(10,000 pF) without stability problems 

■ Internal compensation and large differential input 
voltage capability 

Applications 

■ Precision high speed integrators 

■ Fast D/A and A/D converters 

■ High impedance buffers 

■ Wideband, low noise, low drift amplifiers 

■ Logarithmic amplifiers 


■ Photocell amplifiers 

■ Sample and Hold circuits 


Common Features 

(LF155A, LF156A, LF157A) 


■ Low input bias current 

30 pA 

■ Low Input Offset Current 

3 pA 

■ High input impedance 

io 12 n 

■ Low input offset voltage 

1 mV 

■ Low input offset voltage temperature 

3juV/°C 

drift 


■ Low input noise current 

o.oi paa/Rz 

■ High common-mode rejection ratio 

100 dB 

■ Large dc voltage gain 

106 dB 

Uncommon Features 



I FI 57 A 

LF155A LF156A UNITS 

(Av - 5) 

■ Extremely 4 1.5 1.5 jus 

fast settling 

time to 

0.01% 

■ Fast slew 


rate 

5 

12 

50 

V/jUS 

■ Wide gain 
bandwidth 

2.5 

5 

20 

MHz 

■ Low input 
noise voltage 

20 

12 

12 

nVA/fiz 


Simplified Schematic 

( 7 ) 
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Absolute Maximum Ratings 

LF1 55A/6A/7A 

LF 155/6/7 

LF355B/6B/7B 

LF255/6/7 

LF355B/6B/7B 

LF355A/6A/7A 

LF355/6/7 

Supply Voltage 

±22 V 

±22V 

±22V 

±18V 

Power Dissipation (Pj at 25°C) 
and Thermal Resistance (0 ja) (Note 1) 





TjMAX 





(H Package) 

1 50° C 

150°C 

1 15°C 

1 15°C 

(N Package) 



100°C 

100°C 

(H Package) 

670 mW 

670 mW 

570 mW 

570 mW 

0 jA 

150°C/W 

150°C/W 

150°C/W 

150° C/W 

(N Package) Pj 



500 mW 

500 mW 

°\A 



1 55° C/W 

155° C/W 

Differential Input Voltage 

±40V 

±40V 

±40V 

±30V 

Input Voltage Range (Note 2) 

±20V 

±20V 

±20V 

±16V 

Output Short Circuit Duration 

Continuous 

Continuous 

Continuous 

Continuous 

Storage Temperature Range 

-65° C to +150°C 

— 65°C to +150°C 

— 65°C to +150°C 

-65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 

300° C 

300° C 

300° C 

300° C 


DC Electrical Characteristics (Note 3) 



PARAMETER 


| LF155A/6A/7A 

j LF355A/6A/7A 




bhsb 

HkjUJI 

MAX 

BOH 

BOS 

| MAX | 

UNITS 

vos 

Input Offset Voltage 

RS = 50ft, Ta = 25°C 


1 

2 


1 

worn 

mV 



Over Temperature 



2.5 




mV 

AVos/AT 

Average TC of Input 

Offset Voltage 

Rg = 50ft 


3 

5 


3 

■ 

juV/°C 

ATC/AVos 

Change in Average TC 

RS = 50ft, (Note 4) 


0.5 



0.5 


MV/°C 


with Vos Adjust 








per mV 

'OS 

Input Offset Current 

Tj = 25°C, (Notes 3, 5) 


3 

10 


3 

10 

pA 



Tj<THIGH 



10 



1 

nA 

IB 

Input Bias Current 

Tj = 25°C, (Notes 3, 5) 


30 

50 


30 

50 

PA 



Tj<t H igh 



25 



■ 

nA 

Rin 

Input Resistance 

Tj - 25°C 


1012 



10 12 

HH 

ft 

a Vol 

Large Signal Voltage 

Vs=±15V,T A = 25°C 

50 

200 


50 

200 


V/mV 


Gain 

Vo = ±10V, R L =2k 

Over Temperature 

25 



25 


■ 

V/mV 

vo 

Output Voltage Swing 

Vs = ±15V, R|_ = 10k 

±12 

±13 


±12 

±13 


V 



V S = ±15V, R L = 2k 

±10 

±12 


±10 

±12 

■ 

V 

VcM 

Input Common-Mode 
Voltage Range 

Vs = ±15V 

±11 

+15.1 

-12 


±11 

+15.1 

-12 

■ 

V 

V 

CMRR 

Common-Mode Rejection 

Ratio 


85 

100 


85 

100 

■ 

dB 

PSRR 

Supply Voltage Rejection 

Ratio 

(Note 6) 

85 

100 


85 

100 

■ 

dB 


AC Electrical Characteristics t a = 25°c, v s = ±i5v 


SYMBOL 

PARAMETER 

CONDITIONS 

| LF155A/355A | 

| LF156A/356A | 

! LF157A/357A | 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

SR 

Slew Rate 

LF1 55A/6A; A V = 1. 

3 

5 


10 

12 





V/jU S 



LF157A;A V = 5 







40 

50 


V/ms 

GBW 

Gain Bandwidth 



2.5 


4 

4.5 


15 

20 


MHz 


Product 












t s 

Settling Time to 0.01% 

(Note 7) 


4 



1.5 



1.5 


MS 

e n 

Equivalent Input Noise 

R S = 100ft 












Voltage 

f = 100 Hz 


25 



15 



15 


nV/x/Hz 



f = 1000 Hz 


25 



12 



12 


nVA/Hz 

'n 

Equivalent Input 

f = 100 Hz 


0.01 



0.01 



0.01 


pA/x/Hl 


Noise Current 

f = 1000 Hz 


0.01 



0.01 



0.01 


pA/x/Hz 

C|N 

Input Capacitance 



3 



3 



3 


pF 
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LF155/LF156/LF157 Series 


DC Electrical Characteristics (Note 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

LF 155/6/7 

LF255/6/7 

LF355B/6B/7B 

LF355/6/7 

UNITS 

MIN 

mm 



msa 



1201 

12031 

Vos 

Input Offset Voltage 

RS = 50ft, T A = 25° C 


3 

5 


3 

5 


3 

10 

mV 



Over Temperature 



7 



6.5 



13 

mV 

AVos/AT 

Average TC of Input 

RS = 50ft 


5 



5 



5 


pV/°C 


Offset Voltage 












ATC/AVoS 

Change in Average TC 

RS = 50ft, (Note 4) 


0.5 



0.5 



0.5 


pV/°C 


with Vos Adjust 











per mV 

'OS 

Input Offset Current 

Tj = 25°C, (Notes 3, 5) 


3 

20 


3 

20 


3 

50 

pA 



Tj<T H |GH 



20 



1 



2 

nA 

'B 

Input Bias Current 

Tj = 25° C, (Notes 3, 5) 


30 

100 


30 

100 


30 

200 

PA 



tj<t H igh 



50 



5 



8 

nA 

Rin 

Input Resistance 

Tj = 25° C 


10 12 



10 12 



10 12 


ft 

a vol 

Large Signal Voltage 

Vs = ±15V,Ta = 25°C 

50 

200 


50 

200 


25 

200 


V/mV 


Gain 

Vo = ±10V, R(_ = 2k 













Over Temperature 

25 



25 



15 



V/mV 

Vo 

Output Voltage Swing 

V S = ±15V, R[_ = 10k 

±12 

±13 


±12 

±13 | 


±12 

±13 


V 



V s = ±15V, R[_ = 2k 

±10 

±12 


±10 

±12 | 


±10 

±12 


' V 

VCM 

Input Common-Mode 

Vs = ±15V 

±11 

+15.1 


±11 

+15.1 


±10 

+15.1 


V 


Voltage Range 



-12 



-12 



-12 


V 

CMRR 

Common-Mode Rejec- 


85 

100 


85 

100 


80 

100 


dB 


tion Ratio 












PSRR 

Supply Voltage Rejec- 

(Note 6) 

85 

100 


85 

100 


80 

100 


dB 


Ratio 













DC Electrical Characteristics t a = 25°c,v s = ±i5v 


PARAMETER 

LF155A/155, 

LF255, 

LF355A/355B 

LF355 

LF156A/156, 

LF256/356B 

LF356A/356 

LF157A/157 

LF257/357B 

LF357 A/357 

UNITS 


TYP 

MAX 

TYP 

MAX 

TYP 

MAX 


MAX 

■ 

BEjS® 


■1331 


Supply Current 

2 

4 

2 

4 

5 

7 

5 

10 

5 

7 

5 

10 

mA 


AC Electrical Characteristics t A = 25 0 c, vs = ± i sv 


SYMBOL 

PARAMETER 

CONDITIONS 

LF 155/255/ 

355/355B 

LF 156/256, 

LF356B 

LF156/256/ 

356/356B 

LF 157/257, 

LF357B 

LF 157/257/ 

357/357B 


TYP 


TYP 

MIN 

TYP 

SR 

Slew Rate 

LF 155/6: Ay = 1, 

5 

7.5 

12 



V/ps 



LF157: Ay = 5 




30 

50 

V/jus 

GBW 

Gain Bandwidth 


2.5 


5 


20 

MHz 


Product 








ts 

Settling Time to 0.01% 

(Note 7) 

4 


1.5 


1.5 

US 

e n 

Equivalent Input Noise 

RS= 100ft 








Voltage 

f = 100 Hz 

25 


15 


15 

nV/\/Hz 



f= 1000 Hz 

20 


12 


12 

nV/\/Hz 

•n 

Equivalent Input 

f = 100 Hz 

0.01 


0,01 


0.01 

pA/x/Hz 


Current Noise 

f = 1000 Hz 

0.01 


0.01 


0.01 

pAA/Hz 

C|N 

Input Capacitance 


3 


3 


3 

pF 
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Notes for Electrical Characteristics 


Note 1: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by T j m AX * °jA> and the 
ambient temperature, T A . The maximum available power dissipation at any temperature is = (Tj|\/| A x ~ T A )/0j A or the 25°C PdMAX' which- 
ever is less. 

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 3: Unless otherwise stated, these test conditions apply: 



LF155A/6A/7A 

L FI 55/6/7 

LF255/6/7 

LF355A/6A/7A 

LF355B/6B/7B 

LF355/6/7 

Supply Voltage, Vg 

t a 

t HIGH 

±1 5V < V s < ±20V 
-55° C < T a < +125°C 
+125°C 

±1 5V < V s < ±20V 
-25°C < T a < +85°C 
+85° C 

±1 5V < V s < ±18V 
0 o C<T a < +70°C 
+70° C 

±1 5V < V s ±20V 
0°C< T a < +70° C 
+70° C 

V s = ±1 5V 

0°C < T a < +70° C 
+70° C 


and Vqs» *B and *OS are measured at Vqm = 0. 

Note 4: The Temperature Coefficient of the adjusted input offset voltage changes only a small amount (0.5juV/°C typically) for each mV of 
adjustment from its original unadjusted value. Common-mode rejection and open loop voltage gain are also unaffected by offset adjustment. 
Note 5: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. 
Due to limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction 
temperature rises above the ambient temperature as a result of internal power dissipation, Pd. Tj = T A + C-)j A Pd where 0j A is the thermal 
resistance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a minimum. 

Note 6: Supply Voltage Rejection is measured for both supply magnitudes increasing or decreasing simultaneously, in accordance with common 
practice. 

Note 7: Settling time is defined here, for a unity gain inverter connection using 2 kH resistors for the LF1 55/6. It is the time required for the error 
voltage (the voltage at the inverting input pin on the amplifier) to settle to within 0.01% of its final value from the time a 10V step input is applied 
to the inverter. For the LF157, A\/ = —5, the feedback resistor from output to input is 2 k!2 and the output step is 10V (See Settling Time Test 
Circuit, page 3-30). 

Typical DC Performance Characteristics 

Curves are for LF155, LF156 and LF157 unless otherwise specified. 




Input Bias Current 



CASE TEMPERATURE (°C) 


CASE TEMPERATURE (°C) 


COMMON MODE VOLTAGE (V) 


Voltage Swing 
40 

30 

20 

10 

0 5 ' 10 15 20 

SUPPLY VOLTAGE (±V) 




0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 



0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 



0 5 10 15 20 25 30 35 

OUTPUT SINK CURRENT (mA) 



0 5 10 15 20 25 30 35 40 

OUTPUT SOURCE CURRENT (mA) 


Positive Common-Mode Input 
Voltage Limit 



5 10 15 20 

POSITIVE SUPPLY VOLTS (V) 
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LF155/LF156/LF157 Series 


Typical DC Performance Characteristics (Continued) 


Negative Common-Mode input 
Voltage Limit 



-5 -10 -15 -20 

NEGATIVE SUPPLY VOLTS (V) 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Typical AC Performance Characteristics 


Gain Bandwidth 




-55 -35 -15 5 25 45 65 85 105 125 


TEMPERATURE (°C) 


TEMPERATURE TO 


LF155 Small Signal Pulse Response, 
A V = +1 



LF156 Small Signal Pulse Response, 
A V = +1 



TIME (0.5 ms/DIV) 


LF155 Large Signal Pulse Response, LF156 Large Signal Pulse Response, 

A v =+1 ^ A V = +1 



TIME (1 jus/DIV) TIME (1 ns/ DIV) 


Output Voltage Swing 



0 1.0 10 
OUTPUT LOAD R L (kfi) 


Normalized Slew Rate 



0.8 — 

0.6 

0.4 

0.2 

0 

-55-35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


LF157 Small Signal Pulse Response, 
A v = +5 



TIME (0.1 ns/DIV) 


LF157 Large Signal Pulse Response, 
A \/ = +5 



TIME (0.5 ns/DIV) 
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*-P OUTPUT VOLTAGE SWING (V) COMMON-MODE REJECTION RATIO (dB) GAIN (dB) OUTPUT SWING (V) FROM OV 


Typical AC Performance Characteristics (Continued) 


Inverter Settling Time 


0.5 1.0 

SETTLING TIME ks) 


Inverter Settling Time 


Mil 

I . I 

■88 


Open Loop Frequency 
Response 


r^BBi 

SBBBI 

' 


1 1 



BKHI 

mmm 



■itX 

BHSbi 



BBK 

sssebb 












r 










■■Kl 



SETTLING TIME fas) 


10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


FREQUENCY (MHz) 


PHASE - V S = ±15V 


Km 

mffiiinti 


■III 

Mil 

Ml] 

mill 

nii 

INI 


FREQUENCY (MHz) 


I1MIIICT CT 

■ni 

■l 


Common-Mode Rejection 
Ratio 



100 1k 10k 100k 1M 10M 

FREQUENCY (Hz) 


Power Supply Rejection Ratio 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Power Supply Rejection 
Ratio 


100 Ik 10k 100k 1 

FREQUENCY (Hz) 


Undistorted Output Voltage Swing 


1111 

I'll 

III 

H.VIIII 

HliSKM 

IIWII 


Equivalent Input Noise Voltage 


IIIIHIIIIIIIII 
lllll■lllllllll 
IIIIHIIIIIII'HMi 
MiiHiiiiiiiSiiiiil 
IIIIIHIIIIIIIHIIIIIJ 
liiimiiiiiiiHiiiiiii 

BvilllllSill!! 

lllia W HHI 

* *.™iHI 

Minfliiiii 

Em ■iii^ii, 
■■MSSS5SSS 
iiiiimiiiiiwiiiiiimiiiiii 


FREQUENCY (Hz) 


Equivalent Input Noise 
Voltage (Expanded Scale) 


MB 

B 



B 

■■■ 


b 

B 

■H 

■B 

b 

IB 

« 

bh 

B 

iHMI 


HHI 





B 

MB 


B 





■■■ 

■■■ 


jjgjjg 


■ 


FREQUENCY (Hz) 
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LF155/LF156/LF157 Series 


Typical AC Performance Characteristics (Continued) 



Detailed Schematic 



Connection Diagrams (Top Views) 


Dual-ln-Line Package (N) 


Order Number 

L FI 55 AH L FI 56 AH LF157AH 

LF155H LF156H LF157H 

LF255H LF256H LF257H 

LF355AH LF356AH LF357AH 

LF355H LF356H LF357H 

See NS Package H08C 


Metal Can Package (H) 
NC 




Order Number LF355N, LF356N 
or LF357N 
See NS Package N08B 
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Application Hints 


The LF1 55/6/7 series are op amps with JFET input 
devices. These JFETs have large reverse breakdown 
voltages from gate to source and drain eliminating the 
need for clamps across the inputs. Therefore large 
differential input voltages can easily be accomodated 
without a large increase in input current. The maximum 
differential input voltage is independent of the supply 
voltages. However, neither of the input voltages should 
be allowed to exceed the negative supply as this will 
cause large currents to flow which can result in a 
destroyed unit. 

Exceeding the negative common-mode limit on either 
input will cause a reversal of the phase to the output 
and force the amplifier output to the corresponding 
high or low state. Exceeding the negative common-mode 
limit on both inputs will force the amplifier output to a 
high state. In neither case does a latch occur since 
raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a 
normal operating mode. 

Exceeding the positive common-mode limit on a single 
input will not change the phase of the output however, 
if both inputs exceed the limit, the output of the 
amplifier will be forced to a high state. 

These amplifiers will operate with the common-mode 
input voltage equal to the positive supply. In fact, the 
common-mode voltage can exceed the positive supply by 
approximately 100 mV independent of supply voltage 
and over the full operating temperature range. The 
positive supply can therefore be used as a reference on 
an input as, for example, in a supply current monitor 
and/or limiter. 

Precautions should be taken to ensure that the power 
supply for the integrated circuit never becomes reversed 


in polarity or that the unit is not inadvertently installed 
backwards in a socket as an unlimited current surge 
through the resulting forward diode within the 1C could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

All of the bias currents in these amplifiers are set by FET 
current sources. The drain currents for the amplifiers are 
therefore essentially independent of supply voltage. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize "pickup" and maximize the 
frequency of the feedback pole -by minimizing the 
capacitance from the input to ground. 

A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually the 
inverting input) to ac ground set the frequency of the 
pole. In many instances the frequency of this pole is 
much greater than the expected 3 dB frequency of the 
closed loop gain and consequently there is negligible 
effect on stability margin. However, if the feedback pole 
is less than approximately six times the expected 3 dB 
frequency a lead capacitor should be placed from the 
output to the input of the op amp. The value of the 
added capacitor should be such that the RC time 
constant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole 
time constant. 



Typical Circuit Connections 


Vqs Adjustment 

v + 



• Vqs is adjusted with a 25k 
potentiometer 

• The potentiometer wiper is 
connected to V + 

• For potentiometers with 
temperature coefficient of 
100 ppm/°C or less the 
additional drift with adjust 
is *> 0.5 juV/° C/mV of 
adjustment 

• Typical overall drift: 5 juV/ 
°C ±(0.5 juV/° C/mV of 
adj.) 


Driving Capacitive Loads 


LF157. A Large Power BW Amplifier 


5k 



LF157 R = 1.25k 

Due to a unique output stage design, these ampli- 
fiers have the ability to drive large capacitive loads 
and still maintain stability. C|_(|\/iax) s 0.01 nf. 

Overshoot < 20% 

Settling time (t s ) = 5;us 


tOk 



For distortion <1% and a 20 Vp-p 
VquT swing, power bandwidth is: 
500 kHz. 
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LF155/LF156/LF157 Series 




LF155/LF156/LF157 Series 


Typical Applications 


Settling Time Test Circuit 


2k, 0.1% 



Settling time is tested with the LF155/6 connected 
as unity gain inverter and LF157 connected for 
A V = -5 

FET used to isolate the probe capacitance 
Output = 10V step 
A V = -5for LF157 


Large Signal Inverter Output, Vqut (from Settling Time Circuit) 


LF355 



LF356 



1 ps/DIV 


LF357 



1 ms/ DIV 


Low Drift Adjustable Voltage Reference 



• AVqut/AT = ±0.002%/°C 

• All resistors and potentiometers should be wire-wound 

• PI: drift adjust 

• P2: Vqlij adjust 

• Use LF1 55 for 
A Low lg 

A Low drift 
* Low supply current 
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Typical Applications (Continued) 


Fast Logarithmic Converter 


«r 

50k 



Precision Current Monitor 


>s 



• ,V 0 = 5R1/R2 (V/mAof l S ) 

• R1, R2, R3: 0.1% resistors 

• Use LF1 55 for 

* Common-mode range to supply range 
A Low I b 

* Low VQS 

* Low supply current 


8*Bit D/A Converter with Symmetrical Offset Binary Operation 



• R1 , R2 should be matched within ±0.05% 

• Full-scale response time: 3 ps 


E o 

B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

COMMENTS 

+9.920 

1 

1 

1 

1 

1 

1 

1 

1 

Positive Full-Scale 

+0.040 

1 

0 

0 

0 

0 

0 

0 

0 

(+) Zero-Scale 

-0.040 

0 

1 

1 

1 

1 

1 

1 

1 

(— ) Zero-Scale 

-9.920 

0 

0 

0 

0 

0 

0 

0 

0 

Negative Full-Scale 
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LF155/LF156/LF157 Series 


Typical Applications (Continued) 

Wide BW Low Noise, Low Drift Amplifier Isolating Large Capacitive Loads 


C2 



f MAX = 240kHz 


Sr 

• Power BW: f MAX = — — = 240 kHz 

27rVp 

© Parasitic input capacitance Cl = (3 pF for 
LF155, LF156 and LF157 plus any additional 
layout capacitance) interacts with feedback 
elements and creates undesirable high frequency 
pole. To compensate add C2 such that: R2C2s 
R1C1 . 


Boosting the LF156 with a Current Amplifier 

R2 

5.1k 



• No additional phase shift added by the current amplifier 


R2 

5.1k 



• t s 1 0 jUS 

• When driving large C|_, the VquT slew rate deter- 
mined by C|_ and loUT(MAX) : 

AVnUT IoUT 0-02 

— — = = — — V//iS = 0.04 V/jus (with Cj_ shown) 

AT C(_ 0.5 


Low Drift Peak Detector 



• By adding D1 and Rf, Vpf = 0 during hold mode. Leakage of 
D2 provided by feedback path through Rf. 

• Leakage of circuit is essentially lb (LF155, LF156) plus capaci- 
tor leakage of Cp. 

• Diode D3 clamps VquT (AD to V||\|— Vp 3 to improve speed and 
to limit reverse bias of D2. 

• Maximum input frequency should be << 1/27rRfCp2 where 
Cq2 ' s the shunt capacitance of D2. 


3 Decades VCO 


c 



Non-Inverting Unity Gain Operation for LF157 

R2 
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Typical Applications (Continued) 

High Impedance, Low Drift Instrumentation Amplifier 


+15V 



V||\j common-mode < V + 

• System Vqs adjusted via A2 Vqs adjust 

• Trim R3 to boost up CMRR to 120 dB. Instrumentation amplifier 
Resistor array RA201 (National Semiconductor) recommended 


R3 

VOUT — 


2R2 

~rT 


1 AV,V~ + 2V< 



• Both amplifiers (A1, A2) have feedback loops individually closed with stable responses (over- 
shoot negligible) 

• Acquisition time T/\, estimated by: 


T _ [2RON, v IN.C h 

Ta =[ J 


1/2 

provided that: 


V||\j < 2TrS r RqN c h ancl t A > 
If inequality not satisfied: = 


v IN c h 
'OUT(MAX) 
V IN c h 
20 mA 


, rqn ' s SVV1 


• LF156 developes full S r output capability for Vj(\j > 1 V 

• Addition of SW2 improves accuracy by putting the voltage drop across SW1 inside the feedback 
loop 

• Overall accuracy of system determined by the accuracy of both amplifiers, A1 and A2 
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LF1 55/LF1 56/LF1 57 Series 


Typical Applications (Continued) 

High Accuracy Sample and Hold 

R1 



• By closing the loop through A2, the VquT accuracy will be determined uniquely by A1 . 
No Vos adjust required for A2. 

• can be estimated by same considerations as previously but, because of the added 
propagation delay in the feedback loop (A2) the overshoot is not negligible. 

• Overall system slower than fast sample and hold 

• R1, Cq: additional compensation 

• Use LF 156 for 

* Fast settling time 

* Low V os 


High Q Band Pass Filter 


ci 

0.001 ,iF 1 pF 



By adding positive feedback (R2) 
Q increases to 40 
f BP = 100 kHz 

^ 1= lOs/Q 

V IN 

Clean layout recommended 
Response to a 1 Vp-p tone burst: 
300 ns 


High Q Notch Filter 



• 2R1 = R = 10 Mft 
x 2C = Cl = 300 pF 

• Capacitors should be matched to obtain high Q 

• f|\JOTCH = ^20 Hz, notch = —55 dB, Q > 100 

• Use LF 155 for 
A Low lg 

A Low supply current 
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f&A National 
wL A Semiconductor 

LF351 Wide Bandwidth JFET 
Input Operational Amplifier 

General Description 


The LF351 is a low cost high speed JFET input opera- 
tional amplifier with an internally trimmed input offset 
voltage (BI-FET II™ technology). The device requires a 
low supply current and yet maintains a large gain band- 
width product and a fast slew rate. In addition, well 
matched high voltage JFET input devices provide very 
low input bias and offset currents. The LF351 is pin 
compatible with the standard LM741 and uses the same 
offset voltage adjustment circuitry. This feature allows 
designers to immediately\upgrade the overall perfor- 
mance of existing LM741 designs. 


The LF351 may be used in applications such as high 
speed integrators, fast D/A converters, sample-and-hold 
circuits and many other circuits requiring low input 
offset voltage, low input bias current, high input imped- 
ance, high slew rate and wide bandwidth. The device 
has low noise and offset voltage drift, but for applica- 


Operational Amplifiers/Buffers 



tions where these requirements are critical, the LF356 is 
recommended. If maximum supply current is important, 
however, the LF351 is the better choice. 

Features 


■ Internally trimmed offset voltage 

' 10 mV 

■ Low input bias current 

50 p A 

■ Low input noise voltage 

16nV/\^Hz 

■ Low input noise current 

0.01 pA/\/Hz 

■ Wide gain bandwidth 

4MHz 

■ High slew rate 

13V/ m s 

■ Low supply current 

1.8mA 

■ High input Impedance 

10l2« 

■ Low total harmonic distortion A\/ = 10, <0.02% 

Rj_= 10k, V 0 = 20Vp-p, BW = 20 Hz-20 kHz 

■ Low 1/f noise corner 

50 Hz 

■ Fast settling time to 0.01% 

2fiS 


Typical Connection 


Simplified Schematic 


"i 



Connection Diagrams (Top Views) 

Metal Can Package 


NC 





Order Number LF351H 
See NS Package H08C 


Order Number LF351N 
See NS Package N08A 
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LF351 


Absolute Maximum Ratings 

Supply Voltage ±18V 

Power Dissipation (Note 1) 500 mW 

Operating Temperature Range 0°Cto +70°C 

Tj(MAX) 115*C 

Differential Input Voltage ±30V 

Input Voltage Range (Note 2) ±15V 

Output Short Circuit Duration Continuous 

Storage Temperature Range -65°Cto +150°C 

Lead Temperature (Soldering, 10 seconds) ( 300°C 


DC Electrical Characteristics (Note 3) 



PARAMETER 

CONDITIONS 

LF351 


MIN 

TYP 


v OS 

Input Offset Voltage 

R s = 10kQ, T A = 25°C 


5 

10 

mV 



Over Temperature 



13 

mV 

AVqs'AT 

Average TC of Input Offset 
Voltage 

R s = 10kQ 


10 


mV/°C 

•os 

Input Offset Current 

Tj = 25 °C, (Notes 3, 4) 


25 

100 

pA 



Tj < 70°C 



4 

nA 

*B 

Input Bias Current 

Tj = 25 °C, (Notes 3, 4) 


50 

200 

pA 



Tj < 70 °C 



8 

nA 

r in 

Input Resistance 

Tj = 25°C 


1012 


Q 

a VOL 

Large Signal Voltage Gain 

V S = ±15V, T A = 25°C 
V 0 = ±10V, R L = 2kQ 

25 

100 


V/mV 



Over Temperature 

15' 



V/mV 

Vo 

Output Voltage Swing 

V S = ± 15V, R l = 10kQ 

±12 

±13.5 


V 

V CM 

Input Common-Mode Voltage 

V S = -15V 

±11 

+ 15 


V 


Range 


-12 


V 

CMRR 

Common-Mode Rejection Ratio 

R s < 10 kQ 

70 

100 


dB 

PSRR 

Supply Voltage Rejection Ratio 

(Note 5) 

70 

100 


dB 

's 

Supply Current 



1.8 

3.4 

mA 


AC Electrical Characteristics (Note 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

LF351 

UNITS 

MIN 

TYP 

MAX 

SR 

Slew Rate 

V S = ±15V, T A = 25°C 


13 


V//4 s 

GBW 

Gain Bandwidth Product 

V S = ± 15V, T a = 25°C 


4 


MHz 

e n 

Equivalent Input Noise Voltage’* 

T a = 25°C, R s = 100Q, 
f = 1000 Hz 


16 


nV/v/TE 

‘n 

Equivalent Input Noise Current 

Tj = 25 °C, f = 1000 Hz 


0.01 


pA/vTlz 


Note 1: For operating at elevated temperature, the device must be derated based on a thermal resistance of 150°C/W junction to ambient 
or 45°C/W junction to case. 

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 3: These specifications apply for Vq= ±15V and 0°C « T A < +70 °C. Vqs> *B and •OS are measured at Vcm = 0. 

Note 4: The input bias currents are junction leakage currents which approximately double for every 10 °C increase in the junction tem- 
perature, Tj. Due to the limited production test time, the input bias currents measured are correlated to junction temperature. In normal 
operation the junction temperature rises above the ambient temperature as a result of internal power dissipation, Pp. Tj = T A + 0j A p D 
where 0j A is the thermal resistance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a 
minimum. 

Note 5.: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance 
with common practice. 
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POSITIVE COMMON-MODE INPUT 

UNITY GAIN BANDWIDTH (MHz) NEGATIVE OUTPUT VOLTAGE SWING (V) VOLTAGE LIMIT (V) INPUT BIAS CURRENT (pA) 


Typical Performance Characteristics 


Input Bias Current 

— t — i — — 1 — T“ 

100 -V S = ±15V 

_T A = 25°C L 



Input Bias Current 


COMMON-MODE VOLTAGE (V) 


0 10 20 30 40 50 60 70 

TEMPERATURE <°C) 


Supply Current 

I T 1 f 

0° < T/\ < +70 C 


0 5 10 15 20 

SUPPLY VOLTAGE (±V) 


Positive Common-Mode Input 
Voltage Limit 


0°C < T A < +70°C 








n 



7 







7 







7 







7 







7 























5 10 15 20 

POSITIVE SUPPLY VOLTAGE (V) 


Negative Common-Mode Input 
Voltage Limit 


0°C 

— 

<T/i 

< +70°C 



















7 







7 







7 







7 



1 




2 








f 







0 5 10 15 20 

NEGATIVE SUPPLY VOLTAGE (V) 


Positive Current Limit 


-n r 

70° C If l0°C 


0 10 20 30 

OUTPUT SOURCE CURRENT (mA) 


Negative Current Limit 


Voltage Swing 


Output Voltage Swing 



0 10 • 20 30 

OUTPUT SINK CURRENT (mA) 


Gain Bandwidth 



20 30 40 50 60 70 

TEMPERATURE (°C) 



1 — 

= 2k 





— 

T; 

= 25°C 

1 




/ 







7 







7 

7 






7 

7 






7 

7 







7 















SUPPLY VOLTAGE (±V) 



V S = ±15V 
25 LT A = 25°C4 


R l - OUTPUT LOAD (kn) 

Slew Rate 



■i 

B 


1 10 
FREQUENCY (MHz) 


0 10 20 30 40 50 60 

TEMPERATURE (°C) 


LF351 




LF351 


Typical Performance Characteristics (Continued) 


Distortion vs Frequency 


\> 1 ? 

1 — 1 

1 

= ±15V 





= 25°C 

1 





•— wv — 

010k:: 

oV 0 

= 20 

/p.p 


"a V 



= 100 





r 


_2 





A y |D 7^1 











tz 

zriL 


10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Undistorted Output Voltage 
Swing 



10k 100k 1M 

FREQUENCY (Hz) 


Open Loop Frequency Response 



1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Common-Mode Rejection 
Ratio 



Power Supply Rejection 
Ratio 



10 100 IK 10k 100k 1M 10M 

FREQUENCY (Hz) 


Equivalent Input Noise 



FREQUENCY (Hz) 


Open Loop Voltage Gain (V/V) 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Output Impedance 



100 Ik 10k 100k 1M 10M 


FREQUENCY (Hz) 


Inverter Settling Time 



0.1 1 10 


SETTLING TIME (ms) 
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Pulse Response 


Small Signal Inverting 



TIME (0.2 ms/DI V) 


Large Signal Inverting 



TIME (2 jus/DIV) 


Small Signal Non-Inverting 



TIME (0.2 /is/DIV) 


Large Signal Non-Inverting 



TIME (2 jus/DIV) 


Current Limit (Rj_ = 100f2) 



TIME (5 ms/DIV) 


Application Hints 

The LF351 is an op amp with an internally trimmed 
input offset voltage and JFETinput devices (BI-FET II™). 
These JFETs have large reverse breakdown voltages from 
gate to source and drain eliminating the need for clamps 
across the inputs. Therefore, large differential input 
voltages can easily be accommodated without a large 
increase in input current. The maximum differential 
input voltage is independent of the supply voltages. 
However, neither of the input voltages should be 


allowed to exceed the negative supply as this will cause 
large currents to flow which can result in a destroyed 
unit. 

Exceeding the negative common-mode limit on either 
input will cause a reversal of the phase to the output 
and force the amplifier output to the corresponding 
high or low state. Exceeding the negative common-mode 
limit on both inputs will force the amplifier output to a 
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LF351 


Application Hints (Continued) 

high state. In neither case does a latch occur since 
raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a 
normal operating mode. 

Exceeding the positive common-mode limit on a single 
input will not change the phase of the output; however, 
if both inputs exceed the limit, the output of the ampli- 
fier will be forced to a high state. 

The amplifier will, operate with a common-mode input 
voltage equal to the positive supply; however, the gain 
bandwidth and slew rate may be decreased in this condi- 
tion. When the negative common-mode voltage swings 
to within 3V of the negative supply, an increase in input 
offset voltage may occur. 

The LF351 is biased by a zener reference which allows 
normal circuit operation on ±4V power supplies. Supply 
voltages less than these may result in lower gain band- 
width and slew rate. 

The LF351 will drive a 2 k£2 load resistance to ±10V 
over the full temperature range of 0°C to +70°C. If the 
amplifier is forced to drive heavier load currents, how- 
ever, an increase in input offset voltage may occur on 
the negative voltage swing and finally reach an active 
current limit on both positive and negative swings. 

Precautions should be taken to ensure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 

Deta iled Schematic 


backwards in a socket as an unlimited current surge 
through the resulting forward diode within the 1C could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize "pick-up" and maximize the 
frequency of the feedback pole by minimizing the 
capacitance from the input to ground. 

A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually the 
inverting input) to AC ground set the frequency of the 
pole. In many instances the frequency of this pole is 
much greater than the expected 3 dB frequency of the 
closed loop gain and consequently there is negligible 
effect on stability margin. However, if the feedback 
pole is less than approximately 6 times the expected 
3 dB frequency a lead capacitor should be placed from 
the output to the input of the op amp. The value of the 
added capacitor should be such that the RC time con- 
stant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole 
time constant. 
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Typical Applications 


Supply Current Indicator/Limiter Hi-Zj j>j Inverting Amplifier 


C2 




Parasitic input capacitance Cl = (3 pF for LF351 
plus any additional layout capacitance) interacts 
with feedback elements and creates undesirable 
high frequency pole. To compensate, add C2 such 
that: R2C2 - R1C1. 


Ultra-Low (or High) Duty Cycle Pulse Generator 


Long Time Integrator 



4.8 — 2V S 

• touTPUT HIGH * RICCn 

4.8 -V S 

2V S -7.8 

• tQUTPUT LOW ^ R2C 2n 

V S -7.8 

where Vg = V + + IV I 
*low leakage capacitor 



* Low leakage capacitor 
» 50k pot used for less sensitive Vq§ adjust 
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National Operational Amplifiers/ Buffers 

Semiconductor 

LF353 Wide Bandwidth Dual 
JFET Input Operational Amplifier 




General Description 

These devices are low cost, high speed, dual JFET input 
operational amplifiers with an internally trimmed input 
offset voltage (BI-FET li™ technology). They require low 
supply current yet maintain a large gain bandwidth 
product and fast slew rate. In addition, well matched 
high voltage JFET input devices provide very low input 
bias and offset currents. The LF353 is pin compatible 
with the standard LM1558 allowing designers to 
immediately upgrade the overall performance of existing 
LM1558 and LM358 designs. 

These amplifiers may be used in applications such as 
high speed integrators, fast D/A converters, sample and 
hold circuits and many other circuits requiring low input 
offset voltage, low input bias current, high input imped- 
ance, high slew rate and wide bandwidth. The devices 
also exhibit low noise and offset voltage drift. 


Features 

■ Internally trimmed offset voltage 10 mV 

■ Low input bias current 50pA 

■ Low input noise voltage 16nV/\/Hz 

■ Low input noise current O.OlpAA/Hz 

■ Wide gain bandwidth 4 MHz 

■ High slew rate 13V/^s 

■ Low supply current 3.6mA 

■ High input impedance IO^q 

■ Low total harmonic distortion Av = 10, <0.02% 

R L = 1 0k, V 0 = 20 Vp - p, BW = 20 Hz-20 kHz 

■ Low 1/f noise corner 50 Hz 

■ Fast settling time to 0.01% 2jus 



Typical Connection 


Connection Diagrams 



Order Number LF353H 

Simplified Schematic see ns package hosc 
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Absolute Maximum Ratings 

Supply Voltage ±18V 

Power Dissipation (Note 1) 500 mW 

Operating Temperature Range 0°Cto +70°C 

Tj(MAX) H5°C 

Differential Input Voltage ±30V 


DC Electrical Characteristics (Note 4) 


Input Voltage Range (Note 2) ±15V 

Output Short Circuit Duration Continuous 

Storage Temperature Range -65°Cto +150°C 

Lead Temperature (Soldering, 10 seconds) 300 °C 


SYMBOL 

PARAMETER 

CONDITIONS 

LF353 

UNITS 

MIN 

TYP 

MAX 

v OS 

Input Offset Voltage 

R S = 10kQ, T a = 25 °C 


5 

10 

mV 



Over Temperature 



13 

mV 

AV 0S /AT 

Average TC of Input Offset 
Voltage 

R s = 10kQ 


10 


M v/°c 

'os 

Input Offset Current 

Tj =25°C, (Notes 4, 5) 


25 

100 

pA 



Tj < 70 °C 



4 

nA 

'b 

Input Bias Current 

Tj = 25°C, (Notes 4, 5) 


50 

200 

pA 



Tj < 70 °C 



8 

nA 

r in 

Input Resistance 

Tj = 25 °C 


10 12 


Q 

a vol 

Large Signal Voltage Gain 

V s = ± 15V, T a = 25°C 
V 0 = ± 10V, R L = 2kQ 

25 

100 


V/mV 



Over Temperature 

15 



V/mV 

v O 

Output Voltage Swing 

V S = ± 15V, R L = 10kQ 

±12 

±13.5 


V 

V CM 

Input Common-Mode Voltage 

V s = ± 15V 

±11 

+ 15 


V 


Range 


-12 


V 

CMRR 

Common-Mode Rejection Ratio 

R s < 10kQ 

70 

100 


dB 

PSRR 

Supply Voltage Rejection Ratio 

(Note 6) 

70 

100 


dB 

>S 

Supply Current 



3.6 

6.5 

mA 


AC Electrical Characteristics (Note 4) 


SYMBOL 

PARAMETER 

CONDITIONS 

LF353 

UNITS 

MIN 

TYP 

MAX 


Amplifier to Amplifier Coupling 

T a = 25°C, f = 1 Hz- 
20 kHz (Input Referred) 


-120 


dB 

SR 

Slew Rate 

V s = ± 15V, T A = 25°C 


13 


V//i s 

GBW 

Gain Bandwidth Product 

V S = ±15V, T A = 25°C 


4 


MHz 

e n 

Equivalent Input Noise Voltage 

T A = 25°C, R S = 100Q, 
f = 1000 Hz 


16 


nV/\/Hz 

'n 

Equivalent Input Noise Current 

Tj = 25 °C, f = 1000 Hz 


0.01 


pA/x/Hz 


Note 1: For operating at elevated temperature, the device must be derated based on a thermal resistance of 160 °C/W junction to ambient 
for the'N package, and 150°C/W junction to ambient for the H package. 

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 3: The power dissipation limit, however, cannot be exceeded. 

Note 4: These specifications apply for Vs = ± 15V and 0°C < Ta < + 70°C. Vqs> 'B and 'OS are measured at V CM = °- 
Note 5: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction tem- 
perature, Tj. Due to the limited production test time, the input bias currents measured are correlated to junction temperature. In normal 
operation the junction temperature rises above the ambient temperature as a result of internal power dissipation, Pp. Tj=T A + ©j A P D 
where 0j A is the thermal resistance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a 
minimum. 

Note 6.: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance 
with common practice. 
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POSITIVE COMMON-MODE INPUT 

BANDWIDTH (MHz) ' NEGATIVE OUTPUT VOLTAGE SWING (V) VOLTAGE LIMIT (V) INPUT BIAS CURRENT (pA) 


Typical Performance Characteristics 


Input Bias Current 

— I — I — — — T" 

100 —Vs = ■ 15V 

' -T A = 25C 



-10 -5 0 5 

COMMON MODE VOLTAGE (V) 


Input Bias Current 



0 10 20 30 40 50 60 70 

TEMPERATURE ( C) 


Supply Current 


1 

0° <T A < +70 

LI 

3 c 







7 






















0 5 10 15 20 

SUPPLY VOLTAGE (±V) 


Positive Common-Mode Input 
Voltage Limit 


— 

ox 

<T A <+70 j C 




' 







7 







7 







z 







z 







7 



















L 




0 5 10 15 20 

POSITIVE SUPPLY VOLTAGE (V) 


Negative Common-Mode Input 
Voltage Limit 


o u c 

^T/ 

<+70 C 



















7 







b 







7 







7 

r 






7 


i 








_ 





5 10 15 20 

NEGATIVE SUPPLY VOLTAGE (V) 


Positive Current Limit 


Jffit 


10 20 30 

OUTPUT SOURCE CURRENT (mA) 


Negative Current Limit 


Voltage Swing 



0 10 20 30 

OUTPUT SINK CURRENT (mA) 


— 

r l 

1 

= 2k 




Z\ 



= 25°C 

1 




y 







7 

7 






7 

7 






7 

7 






7 

7 ^ 







7 















5 10 15 20 

SUPPLY VOLTAGE (±V) 


Output Voltage Swing 

30 1 — t TTTTTT T Il f 

V S = ±15V 

25 -T a = 25°C 



R L - OUTPUT LOAD (kO) 


Gain Bandwidth 





20 30 40 50 60 70 

0.1 

1 10 

100 

0 10 20 30 40 50 60 

TEMPERATURE (°C) 


FREQUENCY (MHz) 


TEMPERATURE <°C) 
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Typical Performance Characteristics (Continued) 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Undistorted Output Voltage 
Swing 



10k 100k 1M 

FREQUENCY (Hz) 


Open Loop Frequency Response 



1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Common-Mode Rejection 
Ratio 



Power Supply Rejection 
Ratio 



10 100 IK 10k 100k 1M 10M 

FREQUENCY (Hz) 


Equivalent Input Noise 
Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 



Open Loop Voltage Gain (V/V) 



5 10 15 20 

SUPPLY VOLTAGE (±V) 



Inverter Settling Time 



0.1 1 10 
SETTLING TIME (ns) 
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LF353 


Pulse Response 


Small Signal Inverting 



TIME (0.2 /is/DIV) 


Small Signal Non-Inverting 



TIME (0.2 jus/DIV) 



Current Limit (R|_ = 100£2) 



TIME (5 ais/DIV) 


Application Hints 

These devices are op amps with an internally trimmed 
input offset voltage and JFET input devices (BI-FET II). 
These JFETs have large reverse breakdown voltages from 
gate to source and drain eliminating the need for clamps 
across the inputs. Therefore, large differential input 
voltages can easily be accommodated without a large 
increase in input current. The maximum differential 
input voltage is independent of the supply' voltages. 
However, neither of the input voltages should be 


allowed to exceed the negative supply as this will cause 
large currents to flow which cap result in a destroyed 
unit. 

Exceeding the negative common-mode limit on either 
input will cause a reversal of the phase to the output 
and force the amplifier output to the corresponding 
high or low state. Exceeding the negative common-mode 
limit on both inputs will force the amplifier output to a 
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Application Hints (Continued) 

high state. In neither case does a latch occur since 
raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a 
normal operating mode. 


backwards in a socket as an unlimited current surge 
through the resulting forward diode within the 1C could 
cause fusing of the internal conductors and result in a 
destroyed unit. 


Exceeding the positive common-mode limit on a single 
input will not change the phase of the output; however, 
if both inputs exceed the limit, the output of the ampli- 
fier will be forced to a high state. 

The amplifiers will operate with a common-mode input 
voltage equal to the positive supply; however, the gain 
bandwidth and slew rate may be decreased in this condi- 
tion. When the negative common-mode voltage swings 
to within 3V of the negative supply, an increase in input 
offset voltage may occur. 


Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize "pick-up" and maximize the 
frequency of the feedback pole by minimizing the 
capacitance from the input to ground. 


Each amplifier is individually biased by a zener reference 
which allows normal circuit operation on ±4V power 
supplies. Supply voltages less than these may result in 
lower gain bandwidth and slew rate. 

The amplifiers will drive a 2 kfl load resistance to ±10V 
over the full temperature range of 0°C to +70°C. If the 
amplifier is forced to drive heavier load currents, how- 
ever, an increase in input offset voltage may occur on 
the negative voltage swing and finally reach an active 
current limit on both positive and negative swings. 

Precautions should be taken to ensure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 


A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually the 
inverting input) to AC ground set the frequency of the 
pole. In many instances the frequency of this pole is 
much greater than the expected 3 dB frequency of the 
closed loop gain and consequently there is negligible 
effect on stability margin. However, if the feedback 
pole is less than approximately 6 times the expected 
3 dB frequency a lead capacitor should be placed from 
the output to the input of the op amp. The value of the 
added capacitor should be such that the RC time con- 
stant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole 
time constant. 


Detailed Schematic 
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Typical Applications 


Three-Band Active Tone Control 




I 

■ 

1 



FREQUENCY (Hz) 

Note 1 : All controls flat. 

Note 2: Bass and treble boost, mid flat. 
Note 3: Bass and treble cut, mid flat. 
Note 4: Mid boost, bass and treble flat. 
Note 5: Mid cut, bass and treble flat. 


• All potentiometers are linear taper 

• Use the LF347 Quad for stereo applications 
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Typical Applications (Continued) 


Improved CMRR Instrumentation Amplifier 

vs 



I I 

-*S -Vs’ 

SEPARATE 



rh and dtr are separate isolated grounds 
Matching of R2's, R4's and R5's control CMRR 
With Ay-j- = 1400, resistor matching = 0.01%: CMRR = 136 dB 

• Very high input impedance 

• Super high CMRR 

Fourth Order Low Pass Butterworth Filter 

c 



• Passband gain (H 0 ) = (1 + R4/R3) (1 + R4'/R3') 

• First stage Q = 1 .31 

• Second stage Q = 0.541 

• Circuit shown uses nearest 5% tolerance resistor values for a filter with a corner frequency of 100 Hz and a passband gain of 100 

• Offset nulling necessary for accurate DC performance 
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Typical Applications (Continued) 

Fourth Order High Pass Butterworth Filter 


R1 

200k 



• Passband gain (H 0 ) = (t + R4/R3K1 + R4'/R3') 

• First stage Q = 1 .31 

• Second stage Q = 0.541 

• Circuit shown uses closest 5% tolerance resistor values for a filter with a corner frequency of 1 kHz and a passband gain of 10 


Ohms to Volts Converter 



IV 

V 0 = x R X 

^LADDER 

Where RlaqdeER is the re sistance from switch SI pole to pin 7 of the LF353. 
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National Operational Amplifiers/ Buffers 

Semiconductor preliminary 


LF400C Fast Settling JFET Input Operational Amplifier 




General Description 


Applications 


The LF400C is a fast settling (400 ns to 0.01% fora 10V out- ■ Cable drivers 

put step in the test circuit) BI-FET™ operational amplifier. ^ High speed ramp generators 

It also features an 18 MHz bandwidth, an inverting slew B DAC output amplifiers 

rate of 57V//xs and adjustable short circuit current limit _ 

allowing capacitive and/or 6000 loads. ast bu ers 

■ Sample and holds 

■ Fast integrators 

■ Piezoelectric transducer signal conditioners 


Simplified Settling Time Circuit 


Output and Settling Signal 


10k 




100 ns/DIV 


Simplified Schematic 



BI-FET^ is a trademark of National Semiconductor Corp. 



3-51 


LF400C 






LF400C 


Absolute Maximum Ratings 


Supply Voltage 

± 18.V 

Differential Input Voltage 

± 40V 

Power Dissipation (P D at 25°C) 


Input Voltage Range (Note 2) 

± 20V 

and Thermal Resistance (0j/O (Note 1) 


Output Short Circuit Duration 

Continuous 

Operating Temperature Range (T A ) 

0°Cto + 70°C 

Storage Temperature Range 

65°Cto +150°C 

TjMAX 

(H Package) 

115°C 

Lead Temperature (Soldering, 10 seconds) 

300 °C 

(N Package) 

100°C 



(H Package) P D 

570 mW 



^jA 

150°C/W 



(N Package) P D 

500 mW 



0jA 

155°C/W 




DC Electrical Characteristics (Note 3) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

v os 

Input Offset Voltage 

R s = 50aT A = 25°C 


4 

10 

mV 



Over Temperature 



13 

mV 

AVqs/AT 

Average TC of Input Offset Voltage 

Rs = 50fi 


20 


fivrc 

•os 

Input Offset Current 

Tj = 25°C, (Notes 3 and 4) 


20 

100 

pA 



Tj<T H | GH 



5 

nA 

•b 

Input Bias Current 

Tj = 25°C, (Notes 3 and 4) 


200 

600 

pA 



Tj^T H1GH 



25 

nA 

Rin 

Input Resistance 

Tj = 25°C 


10 11 


a 

a Vol 

Large Signal Voltage Gain 

V s = ± 15V, T A = 25°C, 

25 

200 


V/mV 


V 0 = ±10V, R L = 2k 

25 

200 


V/mV 



Over Temperature 

15 



V/mV 

Vo 

Output Voltage Swing 

V s = ± 15V, R l = 10k 

±12 

±13 


V 



V s = ± 15V, R L = 2k 

±10 

±12 


V 

V CM 

Input Common-Mode Voltage Range 

V s = ±15V 

±11 

±14 


V 





-12 


V 

C MRR 

Common-Mode Rejection Ratio 


80 

100 


dB 

P SRR 

Supply Voltage Rejection Ratio 

(Note 5) 

80 

100 


dB 

•s 

Supply Current 

T a = 25°C, V s — ± 15V 


8 

12 

mA 


AC Electrical Characteristics t a = 25 °c, v s = ±isv 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 


Settling Time to 0.01 % 



400 


ns 


Slew Rate 



57 


V/fiS 


Gain Bandwidth Product 



18 


MHz 


Note 1: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by TjM A x, 0j A , and the 
ambient temperature, T A . The maximum available power dissipation at any temperature is Pq = (TjMAX - T A )/0j A or the 25°C P DMAX- whichever is 
less. 

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 3: These specifications apply for Vs = ±15V andO°C<T A < +70°C. Vos. >B and los are measured at Vqm = 0. 

Note 4: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. 
Due to limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction 
temperature rises above the ambient temperature as a result of internal power dissipation, Pq. Tj = T A + 0j A p D where 0jA is the thermal resistance 
from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a minimum. v 

Note 5: Supply Voltage Rejection is measured for both supply magnitudes increasing or decreasing simultaneously, in accordance with common 
practice. 
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National 

Semiconductor 


Operational Amplifiers/ Buffers 


LF411A/LF411 Low Offset, Low Drift JFET 
Input Operational Amplifier 



General Description 

These devices are low cost, high speed, JFET input opera- 
tional amplifiers with very low input offset voltage and 
guaranteed input offset voltage drift. They require low 
supply current yet maintain a large gain bandwidth prod- 
uct and fast slew rate. In addition, well matched high 
voltage JFET input devices provide very low input bias and 
offset currents. The LF411 is pin compatible with the 
standard LM741 allowing designers to immediately 
upgrade the overall performance of existing designs. 

These amplifiers may be used in applications such as high 
speed integrators, fast D/A converters, sample and hold 
circuits and many other circuits requiring low input offset 
voltage and drift, low input bias current, high input imped- 
ance, high slew rate and wide bandwidth. 


Features 


■ Internally trimmed offset voltage 

0.5 mV (max) 

■ Input offset voltage drift 

10/*V/ o C(max) 

■ Low input bias current 

50 pA 

■ Low input noise current 

0.01 pA/VHz 

■ Wide gain bandwidth 

3MHz(min) 

■ High slew rate 

10V/jiS(min) 

■ Low supply current 

1.8 mA 

■ High input impedance 

10 12 fl 

■ Low total harmonic distortion A v = 

10, <0.02% 

Rl = 10k, V 0 = 20 Vp-p, BW = 20 Hz 

-20 kHz 

■ Low 1/f noise corner 

50 Hz 

■ Fast settling time to0.01% 

2/tS 


Typical Connection 


Ordering Information Connection Diagrams 


LF411AMH/LF411MH, LF41 1 ACH/LF41 1 CH 
Metal Can Package 


Rf 



LF411XYZ 

X indicates electrical grade 
Y indicates temperature range 
“M” for military, 

“C” for commercial 
Z indicates package type 
“H” or “N” 


NC 



TOP VIEW 

Note. Pin 4 connected to case. 


Simplified Schematic 



BI-FET II™ is a trademark of National Semiconductor Corp. 


Order Number LF411AMH, LF411MH, LF411ACH 
or LF411CH 
See NS Package H08B 


LF411ACN, LF411CN 
Dual-In-Line Package 



TOP VIEW 

Order Number LF411ACN or LF411CN 
See NS Package N08A 
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LF411A/LF411 


Absolute Maximum Ratings 



LF411A 

LF411 


H Package 

N Package 

Supply Voltage 

± 22 V 

± 18V 

Power Dissipation 

670 mW 

500 mW 

Differential Input Voltage 

± 38 V 

± 30 V 

(Note 2) 



Input Voltage Range 

1+ 

CO 

< 

± 15V 

Tj max 

150°C 

115°C 

(Note 1) 



0jA 

150°C/W 

160°C/W 

Output Short Circuit 

Continuous 

Continuous 

Operating Temperature 

(Note 3) 

(Note 3) . 

Duration 



Range 

Storage Temperature 

-65°C<T A <150°C 

-65 6 C<T A <150°C 




Range 

Lead Temperature 

300 °C 

300 °C 


(Soldering, 10 seconds) 


DC Electrical Characteristics (Note 4> 


Symbol 

Parameter 

Conditions 

LF411A 

LF411 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

v os 

Input Offset Voltage 

R s = 10 kfi, T a = 25°C 


0.3 

0.5 


0.8 

2.0 

mV 

AVos/AT 

Average TC of Input 
Offset Voltage 

R s = 10 kfi (Note 5) 


7 

10 


7 

20 

(Note 5) 

iiWC 

•os 

Input Offset Current 

V s = ±15V 
Notes 4 and 6 

Tj = 25°C 


25 

100 


25 

100 

PA 

Tj = 70°C 



2 



2 

nA 

Tj = 125°C 



25 



25 

nA 

•b 

Input Bias Current 

V s = ± 15V 
Notes 4 and 6 

Tj = 25°C 

, 

50 

200 


50 

200 

PA 

Tj = 70°C 



4 , 



4 

nA 

Tj = 125°C 



50 



50 

nA 

Rin 

Input Resistance 

Tj = 25°C 


10 12 



10 12 


0 

Avol 

Large Signal Voltage 
Gain 

V s = ± 15V, V 0 = ± 10V, 

R L = 2k, T A = 25°C 

50 

200 


25 

200 


V/mV 

Over Temperature 

25 

200 


15 

200 


V/mV 

Vo 

Output Voltage Swing 

V s = ± 15V, R L = 10k 

±12 

±13.5 


±12 

±13.5 


V 

V CM 

Input Common-Mode 
Voltage Range 

- 

±16 

+ 19.5 


±11 

+ 14.5 


V 


-16.5 



-11.5 


V 

CMRR 

Common-Mode 
Rejection Ratio 

XL 

O 

VI 

CO 

DC 

80 

100 


70 

100 


dB 

PSRR 

Supply Voltage 
Rejection Ratio 

(Note 7) 

80 

100 


70 

100 


dB 

•s 

Supply Current 



1.8 

2.8 


1.8 

3.4 

mA 


AC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

LF411A | 

! LF411 | 

Units 

JJO 


mm 


IQS 

mm 


Slew Rate 

V s = ± 15V, f A = 25°C 


■a 


8 

ii 


V//cS 


Gain-Bandwidth Product 

V s = ± 15V, T A = 25°C 

El 

D 


m 

4 


MHz 

e n 

Equivalent Input Noise Voltage 

T A = 25°C, R s = 1000, 
f = 1 kHz 

■ 

□ 

■ 

■ 


■ 

nV/VHz 

•n 

Equivalent Input Noise Current 

T a = 25°C, f = 1 kHz 


I 0.01 



| 0.01 


pA/v^Hz 
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Notes 

Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. * 

Note 2: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 0jA. 

Note 3: These devices are available in both the commercial temperature range 0 °C^Ta< 70°C and the military temperature range -55 “C<Ta< 125 0 C. The 
temperature range is designated by the position just before the package type in the device number. A “C” indicates the commercial temperature range and an 
“M” indicates the military temperature range. The military temperature range is available in “H” package only. 

Note 4: Unless otherwise specified, the specifications apply over the full temperature range and for Vs = ± 20V for the LF411A and for Vg = ± 15V for the 
LF411. Vos. lB> and *OS are measured at Vqm =0. 

Note 5: The LF411A is 100% tested to this specification. The LF411 is sample tested to insure at least 90% of the units meet this specification. 

Note 6: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to 
limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises 
above the ambient temperature as a result of internal power dissipation, Pd- Tj = Ta + 0ja Pd where (/jA is the thermal resistance from junction to ambient. Use 
of a heat sink is recommended if input bias current is to be kept to a minimum. 

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common 
practice. 


Typical Performance Characteristics 


Input Bias Current 


Vs = ±15V 






Ta = 

25° 

C 








r 


















— 



— 


““““ 




































■ 




-10 -5 0 5 10 

COMMON-MODE VOLTAGE (V) 


Input Bias Current 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Supply Current 



0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


Positive Common-Mode 
Input Voltage Limit 


Negative Common-Mode 
Input Voltage Limit 


Positive Current Limit 



0 5 10 15 20 25 

POSITIVE SUPPLY 
VOLTAGE (V) 



0 -5 -10 -15 -20 -25 

NEGATIVE SUPPLY 
VOLTAGE (V) 



0 10 20 30 40 

OUTPUT SOURCE 
CURRENT (mA) 


Negative Current Limit 



0 10 20 30 40 

OUTPUT SINK CURRENT (mA) 


Output Voltage Swing 



0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


Output Voltage Swing 



0.1 1 10 
Rl-OUTPUT LOAD (kfi) 



3-55 


LF411A/LF411 



LF411A/LF411 


Typical Performance Characteristics (Continued) 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 




-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Distortion vs Frequency 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Undistorted Output Voltage 
Swing 



FREQUENCY (Hz) 


Open Loop Frequency 
Response 



1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Common-Mode Rejection 
Ratio 


Power Supply Rejection 
Ratio 


Equivalent Input Noise 
Voltage 




FREQUENCY (Hz) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 
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Pulse Response r l = 2 ka,c L = 10 p f 


Small Signal Inverting 



TIME (0.2 m s/DIV) 



Small Signal Non-Inverting 



TIME (0.2 fiS/DIV) 


Large Signal Inverting 



TIME (2 m s/DIV) 


Large Signal Non-Inverting 



TIME (2 /is/DIV) 


Current Limit (R L = 100ft) 



TIME (5 pS/DIV) 


Application Hints 

The LF411 series of internally trimmed JFET input op amps 
(BI-FET II™) provide very low input offset voltage and 
guaranteed input offset voltage drift. These JFETs have 
large reverse breakdown voltages from gate to source and 
drain eliminating the need for clamps across the inputs. 
Therefore, large differential input voltages can easily be 
accommodated without a large increase in input current. 
The maximum differential input voltage is independent of 
the supply voltages. However, neither of the input voltages 
should be allowed to exceed the negative supply as this 
will cause large currents to flow which can result in a 
destroyed .unit. 


Exceeding the negative common-mode limit on either in- 
put will cause a reversal of the phase to the output and 
force the amplifier output to the corresponding high or 
low state. Exceeding the negative common-mode limit 
on both inputs will force the amplifier output to a high 
state. In neither case does a latch occur since raising the 
input back within the common-mode range again puts 
the input stage and thus the amplifier in a normal oper- 
ating mode. 

Exceeding the positive common-mode limit on a single 
input will not change the phase of the output; however, if 
both inputs exceed the limit, the output of the amplifier 
may be forced to a high state. 
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LF411A/LF411 


Application Hints (Continued) 

The amplifier will operate with a common-mode input 
voltage equal to the positive supply; however, the gain 
bandwidth and slew rate may be decreased in this condi- 
tion. When the negative common-mode voltage swings 
to within 3V of the negative supply, an increase in input 
offset voltage may occur. 

The LF411 is biased by a zener reference which allows 
normal circuit operation on ±4.5V power supplies. • 
Supply voltages less than these may result in lower gain 
bandwidth and slew rate. 

The LF411 will drive a 2 kfi load resistance to ± 10V over 
the full temperature range. If the amplifier is forced to 
drive heavier load currents, however, an increase in input 
offset voltage may occur on the negative voltage swing 
and finally reach an active current limit on both positive 
and negative swings. 

Precautions should be taken to ensure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 
backwards in a socket as an unlimited current surge 
through the resulting forward diode within the 1C could 
cause fusing of the internal conductors and result in a 
destroyed unit. 


Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize “pick-up” and maximize the fre- 
quency of the feedback pole by minimizing the capaci- 
tance from the input to ground. 

A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually the in- 
verting input) to AC ground set the frequency of the pole. 
In many instances the frequency of this pole is much 
greater than the expected 3 dB frequency of the closed 
loop gain and consequently there is negligible effect on 
stability margin. However, if the feedback pole is less 
than approximately 6 times the expected 3 dB frequency, 
a lead capacitor should be placed from the output to the 
input of the op amp. The value of the added capacitor 
should be such that the RC time constant of this capac- 
itor and the resistance it parallels is greater than or equal 
to the original feedback pole time constant. 


Typical Applications Ultra High Speed Current Booster 


Ik 
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LF412A/LF412 




National 

Semiconductor 


Operational Amplifiers/ Buffers 


LF412A/LF412 Low Offset, Low Drift 
Dual JFET Input Operational Amplifier 



BI-FET ll MVI Technology 


General Description 


Features 


These devices are low cost, high speed, JFET input opera- 
tional amplifiers with very low input offset voltage and 
guaranteed input offset voltage drift. They require low 
supply current yet maintain a large gain bandwidth prod- 
uct and fast slew rate. In addition, well matched high 
voltage JFET input devices provide very low input bias and 
offset currents. LF412 dual is pin compatible with the 
LM1558, allowing designers to immediately upgrade the 
overall performance of existing designs. 

These amplifiers may be used in applications such as high 
speed integrators, fast D/A converters, sample and hold 
circuits and many other circuits requiring low input offset 
voltage and drift, low input bias current, high input imped- 
ance, high slew rate and wide bandwidth. 


■ Internally trimmed offset voltage ImV(max) 

■ Input offset voltage drift 10/tV/°C(max) 

■ Low input bias current 50 pA 

■ Low input noise current 0.01 pMy/Hz 

H Wide gain bandwidth 3MHz(min) 

■ High slew rate 10V//ts(min) 

■ Low supply current 1.8mA/Amplifier 

■ High input impedance 10 12 fi 

■ Low total harmonic distortion A v = 10, <0.02% 

R l = 10k, V 0 = 20 Vp-p, BW = 20 Hz-20 kHz 

■ Low 1/f noise corner 50 Hz 

■ Fast settling time to 0.01% 2/ts 


Typical Connection 

»i 



Connection Diagrams 

LF412AMH/LF412MH, LF412ACH/LF412CH 
Metal Can Package 


Ordering Information 

LF412XYZ 

X indicates electrical grade 
Y indicates temperature range 
“M” for military 
“C” for commercial 
Z indicates package type 
“H” or “N” 

?< 


v + 



Note. Pin 4 connected to case. 
TOP VIEW 


Simplified Schematic 


1/2 Dual 



Order Number LF412AMH, LF412MH, 
LF412ACH or LF412CH 
See NS Package H08B 


LF412ACN, LF412CN 
Dual-ln-Line Package 



TOP VIEW 

Order Number LF412ACN or LF412CN 
See NS Package N08A 


BI-FET II™ is a trademark of National Semiconductor Corp. 
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Absolute Maximum Ratings 



LF412A 

LF412 


H Package 

N Package 

Supply Voltage 

± 22V 

± 18V 

Power Dissipation 

670 mW 

500 mW 

Differential Input Voltage 

±38V 

± 30V 

(Note 3) 



Input Voltage Range 

± 19V 

± 15V 

Tj max 

150°C 

115°C 

(Note 1) 



0jA 

150°C/W 

160°C/W 

Output Short Circuit 

Continuous 

Continuous 

Operating Temperature 

(Note 4) 

(Note 4) 

Duration (Note 2) 



Range 

Storage Temperature 

— 65°C<T A < 150°C 

- 65°C<T A < 150°C 




Range 

Lead Temperature 

300°C 

300°C 


(Soldering, 10 seconds) 


DC Electrical Characteristics (Notes) 


Symbol 

Parameter 

Conditions 

LF412A 

LF412 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Vos 

Input Offset Voltage 

R s = 10 kft, Ta = 25°C 


0.5 

1.0 


1.0 

3.0 

mV 

AVqs/AT 

Average TC of Input 
Offset Voltage 

Rs = 1 0 kft (Note 6) 


7 

10 


7 

20 

(Note 6) 

iiWC 

tas 

Input Offset Current 

V s = ± 15V 
(Notes 5 and 7) 

Tj = 25°C 


25 

100 


25 

100 

pA 

Tj = 70°C 



2 



2 

nA 

Tj = 125°C 



25 



25 

nA 

•b 

Input Bias Current 

V s = ± 15V 
(Notes 5 and 7) 

Tj = 25°C 


50 

200 


50 

200 

PA 

Tj = 70°C 



4 



4 

nA 

Tj = 125°C 



50 



50 

nA 

Rin 

Input Resistance 

Tj = 25°C 


10 12 



10 12 


ft 

Avol 

Large Signal Voltage 
Gain 

V s =±15V,V o =±10V, 
R L =2k, Ta = 25°C 

50 

200 


25 

200 


V/mV 

Over Temperature 

25 

200 


15 

2Q0 


V/mV 

V 0 

Output Voltage Swing 

V s = ± 15V, R l = 10k 

±12 

±13.5 


±12 

±13.5 


V 

V CM 

Input Common-Mode 
Voltage Range 


±16 

+ 19.5 


±11 

+ 14.5 


V 


-16.5 



-11.5 


V 

CMRR 

Common-Mode 
Rejection Ratio 

R s <10k 

80 

100 


70 

100 


dB 

PSRR 

Supply Voltage 
Rejection Ratio 

(Note 8) 

80 

100 


70 

100 


dB 

Is 

Supply Current 



3.6 

5.6 


3.6 

6.8 

mA 


AC Electrical Characteristics (Notes) 


Symbol 

Parameter 

Conditions 

1 LF412A ] 

I LF412 , | 

Units 

Min 

Typ 

Max 

Min 


Max 


Amplifier to Amplifier 
Coupling 

T a = 25°C, f=1 Hz-20 kHz 
(Input Referred) 


-120 





dB 

SR 

Slew Rate 

V s =±15V,T a = 25 0 C 

10 

15 


8 

15 


Vliis 

GBW 

Gain-Bandwidth Product 

V s = ± 15 V, T a = 25°C 

3 

4 


2.7 

4 


MHz 

e n 

Equivalent Input Noise 
Voltage 

T a = 25°C, R s = 100ft, 
f = 1 kHz 


25 



25 


nV/VHz 

•n 

Equivalent Input Noise 
Current 

T a = 25°C, f = 1 kHz 


0.01 



0.01 


pA/VTTz 
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Notes 

Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 2: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum 
junction temperature will be exceeded. 

Note 3: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 9 ^ 

Note 4: These devices are available in both the commercial temperature range 0°C <Ta< 70°C and the military temperature range - 55°C<T/\^ 125°C. The 
temperature range is designated by the position just before the package type in the device number. A “C” indicates the commercial temperature range and an 
“M” indicates the military temperature range. The military temperature range is available in "H” package only. 

Note 5: Unless otherwise specified, the specifications apply over the full temperature range and for Vg = ± 20 V for the LF412A and for Vg = ± 15V for the 
LF412. Vqs. >B> and •OS are measured at Vqm = 0. 

Note 6: The LF412A is 100% tested to this specification. The LF412 is sample tested on a per amplifier basis to insure at least 90% of the amplifiers meet this 
specification. 

Note 7: The input bias purrents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to 
limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises 
above the ambient temperature as a result of internal power dissipation, Pq. Tj = T^ + 0jA P D where 0jA is the thermal resistance from junction to ambient. Use 
of a heat sink is recommended if input bias current is to be kept to a minimum. 

Note 8: Supply voltage rejection ratio is measured for. both supply magnitudes increasing or decreasing simultaneously in accordance with common 
practice. 


Typical Performance Characteristics 

Input Bias Current Input Bias Current 



nput Bias Current 



v s = 

±15V 








Ta = 

25° 

C 
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iT Ik 

z 

iv* cn 











5 

az 

cr ou 
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u inn 
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1 10 


-10 -5 0 5 10 

COMMON-MODE VOLTAGE (V) 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Supply Current 


4.8 
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E 







h- 







CD 

GC 







3 

“ 36 
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U 

£ 

& 

3 

w 3.2 

- 

— 



-25 

1 

r 

°c 

L_ 






2 

p 5 * 

2.8 





125°C 


0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


Positive Common-Mode 
Input Voltage Limit 



Negative Common-Mode 
Input Voltage Limit 


5 10 15 20 25 

POSITIVE SUPPLY 
VOLTAGE (V) 



0 -5 -10 -15 -20 -25 

NEGATIVE SUPPLY 
VOLTAGE (V) 


Positive Current Limit 



10 20 30 40 

OUTPUT SOURCE CURRENT (mA) 


Negative Current Limit 


Output Voltage Swing 


Output Voltage Swing 


;= ±15V 

1 

50 


55°C 

40 

LU 

CD — 

Y 


ft 30 



3 I 

h? 20 
3 00 



o 

10 





10 20 30 40 

OUTPUT SINK CURRENT (mA) 



5 10 15 20 25 

SUPPLY VOLTAGE (±V) 



Rl-OUTPUT L0A0 (kfl) 
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OPEN LOOP VOLTAGE COMMON-MODE UNITY GAIN 

GAIN (V/V) REJECTION RATIO (dB) DISTORTION (%) BANDWIDTH (MHz) 


Typical Performance Characteristics (Continued) 


Gain Bandwidth 


Bode Plot 


Slew Rate 



LF412A/LF412 







LF412A/LF412 


Pulse Response r l = 2 kn, c l =io p f 


Small Signal Inverting 



TIME (0.2/iS/DI V) 


Large Signal Inverting 



TIME (2 ^S/DIV) 


The LF412 series of JFET input dual op amps are internally 
trimmed (BI-FET II™) providing very low input offset 
voltages and guaranteed input offset voltage drift. These 
J FETs have large reverse breakdown voltages from gate to 
source and drain eliminating the need for clamps across 
the inputs. Therefore, large differential input voltages can 
easily be accommodated without a large increase in input 
current. The maximum differential input voltage is inde- 
pendent of the supply voltages. However, neither of the in- 
put voltages should be allowed to exceed the negative 
supply as this will cause large currents to flow which can 
result in a destroyed unit. 

Exceeding the negative common-mode limit on either in- 
put will cause a reversal of the phase to the output and 
force the amplifier output to the corresponding high or 
low state. Exceeding the negative common-mode limit 
on both inputs will force the amplifier output to a high 
state. In neither case does a latch occur since raising the 
input back within the common-mode range again puts 
the input stage and thus the amplifier in a normal 
operating mode. 


Small Signal Non-Inverting 



TIME (0.2 /iS/DIV) 


Large Signal Non-Inverting 



TIME (2 jtS/DIV) 


Exceeding the positive common-mode limit on a single 
input will not change the phase of the output, however, if 
both inputs exceed the limit, the output of the amplifier 
may be forced to a high state. 

The amplifiers will operate with a common-mode input 
voltage equal to the positive supply; however, the gain 
. bandwidth and slew rate may be decreased in this condi- 
tion. When the negative common-mode voltage swings 
to within 3V of the negative supply, an increase in input 
offset voltage may occur. 

Each amplifier is individually biased by a zener reference 
which allows normal circuit operation on ±4.5V power 
supplies. Supply voltages less than these may result in 
lower gain bandwidth and slew rate. 

The amplifiers will drive a 2 k ft load resistance to ± 10V 
over the full temperature range. If the amplifier is forced 
to drive heavier load currents, however, an increase in in- 
put offset voltage may occur on the negative voltage 
swing and finally reach an active current limit on both 
positive and negative swings. 


Current Limit (R L = 100fi) 



TIME (5 ps/DIV) 


Application Hints 
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Application Hints (Continued) 

Precautions should be taken to ensure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 
backwards in a socket as an unlimited current surge 
through the resulting forward diode within the 1C could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize “pick-up” and maximize the fre- 


quency of the feedback pole by minimizing the capaci- 
tance from the input to ground. 

A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually the in- 
verting input) to AC ground set the frequency of the pole. 
In many instances the frequency of this pole is much 
greater than the expected 3 dB frequency of the closed 
loop gain and consequently there is negligible effect on 
stability margin. However, if . the feedback pole is less 
than approximately 6 times the expected 3 dB frequency 
a lead capacitor should be placed from the output to the 
input of the op amp. The value of the added capacitor 
should be such that the RC time constant of this capaci- 
tor and the resistance it parallels is greater than or equal 
to the original feedback pole time constant. 


Typical Application Single Supply Sample and Hold 



Detailed Schematic 
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LF441A/LF441 


National 

Jum Semiconductor 


Operational Amplifiers/Buffers 


LF441A/LF441 Low Power JFET 
Input Operational Amplifier 



General Description 


Features 


The LF441 low power operational amplifier provides many 
of the same AC characteristics as the industry standard 
LM741 while greatly improving the DC characteristics of 
the LM741. The amplifier has the same bandwidth, slew 
rate, and gain (10 kfi load) as the LM741 and only draws one 
tenth the supply current of the LM741 . In addition the well 
matched high voltage JFET input devices of the LF441 
reduce the input bias and offset currents by a factor of 
10,000 over the LM741. A combination of careful layout 
design and internal trimming guarantees very low input 
offset voltage and voltage drift. The LF441 also has a very 
low equivalent input noise voltage for a low power 
amplifier. 

The LF441 is pin compatible with the LM741 allowing an 
immediate 10 times reduction in power drain in many ap- 
plications. The LF441 should be used where low power 
dissipation and good electrical characteristics are the 
major considerations. 


■ 1/10 supply current of a LM741 

200 ^A (max) 

■ Low input bias current 

50 pA(max) 

■ Low input offset voltage 

0.5 mV (max) 

■ Low input offset voltage drift 

10 M V/°C(max) 

H High gain bandwidth 

1MHz 

■ High slew rate 

1V//iS 

■ Low noise voltage for low power 

35nV/VHz 

■ Low input noise current 

0.01 pA/VHz 

■ High input impedance 

10 12 fl 

■ High gain V 0 = ±10V, R L =10k 

50k (min) 


Typical Connection Ordering Information 

LF441XYZ 

X indicates electrical grade 
Y indicates temperature range 
“M” for military, 

“C” for commercial 
Z indicates package type 
“H"or“N” 



Connection Diagrams 

LF441AMH, LF441 ACH/LF441 CH 
Metal Can Package 



NON-INVERTING 

INPUT 


BALANCE 


Simplified Schematic 


VccO 



V 

T0P VIEW 

Note. Pin 4 connected to case. 

Order Number LF441AMH, 
LF441ACH or LF441CH 
See NS Package H08B 

LF441ACN/LF441CN 
Dual-In-Line Package 



-v ee O- 

BI-FET™ is a trademark of National Semiconductor Corp. 


Order Number LF441ACN 
or LF441CN 
See NS Package N08A 
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Absolute Maximum Ratings 



LF441A 

LF441 


H Package 

N Package 

Supply Voltage 

± 22 V 

± 18V 

Power Dissipation 

670 mW 

500 mW 

Differential Input Voltage 

± 38 V 

± 30V 

(Note 2) 



Input Voltage Range 

± 19V 

± 15V 

Tj max 

150°C 

115°C 

(Note 1) 



0jA 

150*C/W 

160°C/W 

Output Short Circuit 

Continuous 

Continuous 

Operating Temperature 

(Note 3) 

(Note 3) 

Duration 



Range 






Storage Temperature 

-65°C<T A <150°C 

-65°C<T a <150°C 




Range 






Lead Temperature 

300°C 

300*0 


(Soldering, 10 seconds) 


DC Electrical Characteristics (Note 4> 


Symbol 

Parameter 


1 LF441A 

| LF441 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Input Offset Voltage 

Rs= 10 kfi, T a = 

25°C 


0.3 

0.5 


1 

5 

mV 

v os 

Over Temperature 


! 




7.5 

mV 

AVqs/aT 

Average TC of Input 
Offset Voltage 

R s = 10 kQ (Note 5) 


7 

i 

10 


10 

20 

nW c 



V s = ± 15V 
(Notes 4 and 6) 

Tj = 25°C 


5 

25 


5 

50 

pA 

•os 

Input Offset Current 

Tj = 70°C 



1.5 



1.5 

nA 



Tj= 125°C 


| 

10 




nA 



V s = ± 15V 
(Notes 4 and 6) 

Tj = 25°C 


10 

50 


10 

100 

pA 

•b 

Input Bias Current 

Tj = 70°C 


: 

3 



3 

nA 



Tj= 125°C 



20 




nA 

Rin 

Input Resistance 

Tj = 25°C 


10 12 



10 12 


fi 

a vol 

Large Signal Voltage 
Gain 

V s = ± 15V, V 0 = 
Ri_= 10 kfi, T a = 

±10V, 

25°C 

50 

100 


25 

100 


V/mV 


|Over Temperature 

25 



15 



V/mV 

v 0 

Output Voltage Swing 

V s = ± 15V, R l = 

10 kfi 

±12 

±13 


±12 

±13 


V 

V C M 

Input Common-Mode 



±16 

+ 18 


±11 

+ 14 


V 

Voltage Range 




-17 



-12 


V 

CMRR 

Common-Mode 
Rejection Ratio 

R s < 10 kfi 

80 

100 


70 

95 


dB 

PSRR 

Supply Voltage 
Rejection Ratio 

(Note 7) 

80 

100 


70 

90 


dB 

•s 

Supply Current 



150 

200 


150 

250 

/xA 
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AC Electrical Characteristics (Note 4) 



Parameter 


LF441A 

LF441 

Units 

KM 


U22 




SR 

Slew Rate 



D 

■ 

Qj 

D 

IB 


GBW 

Gain-Bandwidth Product 



1 


ESI 

■ 



e n 

Equivalent Input Noise Voltage 

T a = 25°C, R s = 10012, 
f = 1 kHz 

H 

Qjj 

■ 

■ 



nV/VHz 

•n 

Equivalent Input Noise Current 




■ 

■ 

Q| 


pA/VTlz 


Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 
j Note 2: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 0j a- 

Note 3: The LF441A and LF441B are available in both the commercial temperature range 0 °C<Ta <70°C and the military temperature range -55°C 
125°C. The LF441 is available in the commercial temperature range only. The temperature range is designated by the position just before the package 
type in the device number. A "C” indicates the commercial temperature range and an “M” indicates the military temperature range. The military temperature 
range is available in “H” package only. 

Note 4: Unless otherwise specified the specifications apply over the full temperature range and for Vs = ±20 V for the LF441 A/LF441 B and for Vs = ± 15V for 
the LF441. Vqs> Ib> and •OS are measured at Vcm = 0- 
Note 5: The LF441A is 100% tested to this specification. 

Note 6: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to 
limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises 
above the ambient temperature as a result of internal power dissipation, Pq. Tj = Ta + 0jA Pd wheretfjA is the thermal resistance from junction to ambient. Use 
of a heat sink is recommended if input bias current is to be kept to a minimum. 

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with com- 
mon practice. 


Typical Performance Characteristics 


Input Bias Current 


Input Bias Current 


Supply Current 



COMMON-MODE VOLTAGE (V) 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


Positive Common-Mode 
Input Voltage Limit 



0 5 10 15 20 25 

POSITIVE SUPPLY VOLTAGE (V) 


Negative Common-Mode 
Input Voltage Limit 



0 -5 -10 -15 -20 -25 

NEGATIVE SUPPLY VOLTAGE (V) 



01 2345678 

OUTPUT SOURCE CURRENT (mA) 
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COMMON-MODE REJECTION * UNITY GAIN NEGATIVE OUTPUT VOLTAGE 

RATIO (dB) DISTORTION (%) BANDWIDTH (MHz) SWING (V) 



LF441A/LF441 












LF441A/LF441 


Typical Performance Characteristics (Continued) 


Open Loop Voltage Gain 


: Rl= 

10k z 


= 

= 

= 

= 

EEj 




= 

, 










-5 

5°C 



pP 


= 



- 

• 

I2ZZ 





— 

r 1?S°C 













_ 







5 10 15 20 

SUPPLY VOLTAGE (±V) 


Output Impedance 



Inverter Settling Time 



Pulse Response r l = io ko, c L = io p f 


Small Signal Inverting 



TIME (0.5 m s/DIV) 


Small Signal Non-Inverting 



TIME (0.5 m s/DIV) 



3-70 



Application Hints 

This device is a low power op amp with an internally 
trimmed input offset voltage and JFET input devices 
(BI-FET II). These JFETs have large reverse breakdown 
voltages from gate to source and drain eliminating the 
need for clamps across the inputs. Therefore, large dif- 
ferential input voltages can easily be accommodated 
without a large increase in input current. The maximum 
differential input voltage is independent of the supply 
voltages. However, neither of the input voltages should be 
allowed to exceed the negative supply as this will cause 
large currents to flow which can result in a destroyed unit. 

Exceeding the negative common-mode limit on either in- 
put will cause a reversal of the phase to the output and 
force the amplifier output to the corresponding high or 
low state. Exceeding the negative common-mode limit 
on both inputs will force the amplifier output to a high 
state. In neither case does a latch occur since raising the 
input back within the common-mode range again puts 
the input stage and thus the amplifier in a normal 
operating mode. 

Exceeding the positive common-mode limit on a single 
input will not change the phase of the output; however, if 
both inputs exceed the limit, the output of the amplifier 
will be forced to a high state. 

The amplifier will operate with a common-mode input 
voltage equal to the positive supply; however, the gain 
bandwidth and slew rate may be decreased in this condi- 
tion. When the negative common-mode voltage swings 
to within 3V of the negative supply, an increase in input 
offset voltage may occur. 

The amplifier is biased to allow normal circuit operation 
with power supplies of ±3V. Supply voltages less than 
these may degrade the common-mode rejection and re- 
strict the output voltage swing. 


Typical Application 


The amplifier will drive a 10 kO load resistance to ± 10V 
over the full temperature range. 

Precautions should be taken to ensure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 
backwards in a socket as an unlimited current surge 
through the resulting forward diode within the 1C could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

Because this amplifier is a JFET rather than MOSFET 
input op amp it does not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize “pick-up” and maximize the fre- 
quency of the feedback pole by minimizing the capaci- 
tance from the input to ground. 

A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually the in- 
verting input to AC ground set the frequency of this pole. 
In many instances the frequency of this pole is much 
greater than the expected 3 dB frequency of the closed 
loop gain and consequently there is negligible effect on 
stability margin. However, if the feedback pole is less 
than approximately 6 times the expected 3 dB frequency 
a lead capacitor should be placed from the output to the 
input of the op amp. The value of the added capacitor 
should be such that the RC time constant of this capac- 
itor and the resistance it parallels is greater than or equal 
to the original feedback pole time constant. 


Voltmeter Checker— Low Power Reference 
15V BATTERY 
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Detailed Schematic 
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PJ! National 
4lA Semiconductor 


Operational Amplifiers/Buffers 


LF442A/LF442 Dual Low Power 
JFET Input Operational Amplifier 

General Description Fei 



BI-FET ir m Technology 


The LF442 dual low power operational amplifiers provide 
many of the same AC characteristics as the industry 
standard LM1458 while greatly improving the DC charac- 
teristics of the LM1458. The amplifiers have the same 
bandwidth, slew rate, and gain (10 kfi load) as the LM1458 
and only draw one tenth the supply current of the LM1458. 
In addition the well matched high voltage JFET input de- 
vices of the LF442 reduce the input bias and offset cur- 
rents by a factor of 10,000 over the LM1458. A combination 
of careful layout design and internal trimming guarantees 
very low input offset voltage and voltage drift. The LF442 
also has a very low equivalent input noise voltage for a low 
power amplifier. 

The LF442 is pin compatible with the LM1458 allowing an 
immediate 10 times reduction in power drain in many ap- 
plications. The LF442 should be used where low power 
dissipation and good electrical characteristics are the 
major considerations. 


Features 

■ 1/10 supply current of a LM1458 400 ^A (max) 

■ Low input bias current 50pA(max) 

■ Low input offset voltage ImV(max) ! 

■ Low input offset voltage drift 10/A//°C(max) 

■ High gain bandwidth 1MHz 

■ High slew rate 1 V/^s 

■ Low noise voltage for low power 35 nV/VHz 

■ Low input noise current 0.01 pAA/Hz 

■ High input impedance 10 12 fi 

B High gain V 0 = ±10V,R L = 10k 50k(min) 


Typical Connection Ordering Information Connection Diagrams 


LF442XYZ 

X indicates electrical grade 
Y indicates temperature range 
“M” for military, 

“C” for commercial 


LF442AMH, LF442ACH, LF442CH 
Metal Can Package 



Z indicates package type 

INVERTING /y\J 


r- 

“H” or “N” 

INPUT A V*-/ 

HTT 

rr 


NON-INVERTING (T' 
INPUT A V-" 

oil 


\ NON-INVERTING 
' INPUT B 


Simplified Schematic 

1/2 Dual 

V CC 



TOP VIEW 

Note. Pin 4 connected to case. 

Order Number LF442AMH, 
LF442ACH or LF442CH 
See NS Package H08B 

LF442ACN, LF442CN 
Dual-In-Line Package 


NON-INVERTING 
INPUT A ' 




NON-INVERTING 
' INPUT B 


-V E E 

BI-FET II™ is a trademark of National Semiconductor Corp. 


Order Number LF442ACN or LF442CN 
See NS Package N08A 
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Absolute Maximum Ratings 



LF442A 

LF442 


H Package 

N Package 

Supply Voltage 

±22 V 

1+ 

GO 

< 

Power Dissipation 

670 mW 

500 mW 

Differential Input Voltage 

±38V 

± 30 V 

(Note 3) 



Input Voltage Range 

± 19V 

± 15V 

Tj max 

150°C 

115°C 

(Note 1) 



0 jA 

150°C/W 

160°C/W 

Output Short Circuit 

Continuous 

Continuous 

Operating Temperature 

(Note 4) 

(Note 4) 

Duration (Note 2) 



Range 






Storage Temperature 

-65°C<T A <150 6 C 

- 65°C < T A < 1 50°C 




Range 






Lead Temperature 

300°C 

300 °C ,• 


(Soldering, 10 seconds) 


DC Electrical Characteristics (Note 5) 


Symbol 

Parameter 

Conditions 

LF442A 

| LF442 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

V OS 

Input Offset Voltage 

R s = 10 kft, T a = 25°C 


0.5 

1.0 ' 


1.0 

5.0 

mV 

Over Temperature 






7.5 

mV 

AVqs/AT 

Average TC of Input 
Offset Voltage 

R s = 10 kfi 


7 

10 


7 


nvrc 

tas 

Input Offset Current 

V s = ± 15V 
(Notes 5 and 6) 

Tj = 25°C 


5 

25 


5 

50 

pA 

Tj = 70°C 



1.5 



1.5 

nA 

Tj = 125°C 



10 




nA 

•b 

Input Bias Current 

V s = ± 15V 
(Notes 5 and 6) 

Tj = 25°C 


10 

50 


10 

100 

pA 

Tj = 70°C 



3 



3 

nA 

Tj= 125°C 



20 




nA 

Rin 

Input Resistance 

Tj = 25°C 


10 12 



10 12 


Q 

a vol 

Large Signal Voltage 
Gain 

V s = ± 15V, V 0 = ±10V, 

R L = 10 kfi, T a = 25°C 

50 

200 


25 

200 


V/mV 

Over Temperature 

25 

200 


15 

200 


V/mV 

Vo 

Output Voltage Swing 

V s = ±15V, R l = 10 kft 

±12 

±13 


±12 

±13 


V 

VcM 

Input Common-Mode 
Voltage Range 


±16 

+ 18 
-17 


±11 

14 

-12 


V 

V 

CMRR 

Common-Mode 
Rejection Ratio 

R s < 10 kfi 

80 

100 


70 

95 


dB 

PSRR 

Supply Voltage 
Rejection Ratio 

(Note 7) 

80 

100 


70 

90 


dB 

Is 

Supply Current 



300 

400 


400 

500 

/*A 


AC Electrical Characteristics (Note 5) 


Symbol 

Parameter 

Conditions 

! ~~ LF442A | 

LF442 1 

Units 

Min 

Typ 

., Max 

Min 

Typ 

Max 


Amplifier to Amplifier 
Coupling 

T A = 25°C, f = 1 Hz-20 kHz 
(Input Referred) 


-120 



-120 


dB 

SR 

Slew Rate 

V s = ± 15V, T a = 25°C 

0.8 

1 


0.6 

1 


V//xS 

GBW 

Gain-Bandwidth Product 

V s = ± 15V, T A = 25°C 

0.8 

1 


0.6 

1 


MHz 

e n 

Equivalent Input Noise 
Voltage 

T a = 25°C, R s = 100G, 
f= 1 kHz 


35 



35 


nV/VHz 

•n 

Equivalent Input Noise 
Current 

T a = 25°C, f = 1 kHz 


0.01 



0.01 


PA/a/Hz 
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Notes 

Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 2: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum 
junction temperature will be exceeded. 

Note 3: For operating at elevated temperature, these devices must be derated based on a the # rmal resistance of 0jA. 

Note 4: These devices are available in both the commercial temperature range 0 °C<Ta< 70°C and the military temperature range - 55 °C<Ta< 125°C. The 
temperature range is designated by the position just before the package type in the device number. A “C” indicates the commercial temperature range and an 
“M” indicates the military temperature range. The military temperature range is available in “H” package only. 

Note 5: Unless otherwise specified, the specifications apply over the full temperature range and for V§ = ± 20V for the LF442A and for V$ = ± 15V for the 
LF442. Vos, , B. and lOS are measured at Vcm = 0. 

Note 6: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to 
limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises 
above the ambient temperature as a result of internal power dissipation, Pq. Tj = T/v + 0jA P D where 0jA is the thermal resistance from junction to ambient. Use 
of a heat sink is recommended if input bias current is to be kept to a minimum. 

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with common 
practice. 

Typical Performance Characteristics 


Input Bias Current 



-10 -5 0 5 10 

COMMON-MODE VOLTAGE (V) 


Input Bias Current 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Supply Current 



0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 


Positive Common-Mode 
Input Voltage Limit 



0 5 10 15 20 25 

POSITIVE SUPPLY VOLTAGE (V) 


Negative Common-Mode 
Input Voltage Limit 



0 -5 -10 -15 -20 -25 

NEGATIVE SUPPLY VOLTAGE (V) 



=3 ' — ' 

11 
LU t/5 


oo 


s 


Positive Current Limit 



012345678 
OUTPUT SOURCE CURRENT (mA) 


Negative Current Limit 



0 2 4 6 8 10 12 14 16 

OUTPUT SINK CURRENT (mA) 


Output Voltage Swing 



0 5 10 15 20 25 

SUPPLY VOLTAGE ( ± V) 


Output Voltage Swing 



1 10 100 
Rl-OUTPUT LOAD (kC) 
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OPEN LOOP VOLTAGE GAIN (V/V) 


Typical Performance Characteristics (Continued) 


Gain Bandwidth 


Bode Plot 


Slew Rate 






~Vs 

r l 

= ±15V 
-10k 





Cl 

=100 pF 

L 



s. 

















L_ 











-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



V S =±15V 
1.8 R L =10k “ 
1 R A V =1 


mmwi 

mmw 


FREQUENCY (MHz) 


-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Distortion vs Frequency 


_V S =±15V_ 

T A =25°C 
















Ay = 100X1 

V 



, = 10 

— 



100 Ik 

FREQUENCY (Hz) 


Undistorted Output Voltage 
Swing 



Open Loop Frequency 
Response 

1 

R L = 10k . 

V S =±15V 

T A =25°C • 


■llllllll 


10k 100k 

FREQUENCY (Hz) 


1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Common-Mode Rejection 
Ratio 


V S =±15V 'v 

60 R L =10k 

4Q .Ta=25°C 

2Q CMRR = 20 LOG + OPEN LOOP _ 
VOLTAGE GAIN VcM 

0 * ' * 

10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Power Supply Rejection 
Ratio 

~ Vs='±15V 

T a =25°C ■ 


N 







^ 







x 


_5 
I 
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1 


□ 

□ 


10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Equivalent Input Noise 
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10 Ik 10k 100k 
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Output Impedance 


inverter Settling Time 
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i 
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3-76 



Pulse Response r l = 10 k«, c L = 10 pf 

Small Signal Inverting 



TIME (0.5 /xs/DIV) 


Large Signal Inverting 



TIME (10 pS/DIV) 


Application Hints 

This device is a dual low power op amp with internally 
trimmed input offset voltages and 'JFET input devices 
(BI-FET II). These JFETs have large reverse breakdown 
voltages from gate to source and drain eliminating the 
need for clamps across the inputs. Therefore, large dif- 
ferential input voltages can easily be accommodated 
without a large increase in input current. The maximum 
differential input voltage is independent of the supply 
voltages. However, neither of the input voltages should be 
allowed to exceed the negative supply as this will cause 
large currents to flow which can result in a destroyed unit. 

Exceeding the negative common-mode limit on either in- 
put will cause a reversal of the phase to the output and 
force the amplifier output to the corresponding high or 
low state. Exceeding the negative common-mode limit 
on both inputs will force the amplifier output to a high 
state. In neither case does a latch occur since raising the 
input back within the common-mode range again puts 
the input stage and thus the amplifier in a normal oper- 
ating mode. 

Exceeding the positive common-mode limit on a single 
input will not change the phase of the output; however, if 
both inputs exceed the limit, the output of the amplifier 
will be forced to a high state. 

The amplifiers will operate with a common-mode input 
voltage equal to the positive supply; however, the gain 
bandwidth and slew rate may be decreased in this condi- 
tion. When the negative common-mode voltage swings 
to within 3V of the negative supply, an increase in input 
offset voltage may occur. 

Each amplifier is individually biased to allow normal cir- 
cuit operation with power supplies of ±3.0V. Supply 
voltages less than these may degrade the common-mode 
rejection and restrict the output voltage swing. 


Small Signal Non-Inverting 



TIME (0.5 fis/DIV) 


Large Signal Non-Inverting 


TIME (10 /is/DIV) 


The amplifiers will drive a 10 kO load resistance to ± 10V 
over the full temperature range. 

Precautions should be taken to ensure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 
backwards in a socket as an unlimited current surge 
through the resulting forward diode within the 1C could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize “pick-up” and maximize the fre- 
quency of the feedback pole by minimizing the capaci- 
tance from the input to ground. 

A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually the in- 
verting input) to AC ground set the frequency of the pole. 
In many instances the frequency of this pole is much 
greater than the expected 3 dB frequency of the closed 
loop gain and consequently there is negligible effect on 
stability margin. However, if the feedback pole is less 
than approximately 6 times the expected 3 dB frequency 
a lead capacitor should be placed from the output to the 
input of the op amp. The value of the added capacitor 
should be such that the RC time constant of this capaci- 
tor and the resistance it parallels is greater than or equal 
to the original feedback pole time constant. 
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Battery Powered Strip Chart Preamplifier 

TIME CONSTANT 

1 5 10 50 100 

SEC SEC SEC SEC SEC 

Q Q Q Q Q , 


Runs from 9V batteries ( ± 9V supplies) 
Fully settable gain and time constant 
Battery powered supply allows direct 
plug-in interface to strip chart 
recorder without common-mode problems 



“No FET” Low Power V— F Converter 


INPUT 

0V-10V 





0 OUTPU 
1 Hz-1 


kHz 


Trim 1M pot for 1 kHz full-scale output 
15 mW power drain 
No integrator reset FET required 
Mount D1 and D2 in close proximity 
1% linearity to 1 kHz 


• T control = 75 ° c 

• Al’s output 
represents the 
amplified difference 
between the LM335 
temperature sensor 
and the crystal oven’s 
temperature 

• A2, a free running 
duty cycle modulator, 
drives the LM395 to V 
complete a servo loop 

• Switched mode 
operation yields high 
efficiency 

• 1% metal film 

resistor 10 k 

-15V 


High Efficiency Crystal Oven Controller 
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Typical Applications (Continued) 


Conventional Log Amplifier 



© L \ "V j 

= Tel Labs type Q81 

Trim 5k for 10 /iA through the 5k-120k combination 
*1% film resistor 


Unconventional Log Amplifier 



Q1, Q2, Q3 are included on LM389 amplifier 
chip which is temperature-stabilized by the 
LM389 and Q2-Q3, which act as a heater-sensor pair. 

Q1, the logging transistor, is thus immune to ambient 

temperature variation and requires no temperature compensation at all. 






LF442A/LF442 





National Operational Amplifiers/ Buffers 

Semiconductor 


LF444A/LF444 Quad Low Pc 
Input Operational Amplifier 


General Description 

The LF444 quad low power operational amplifier provides 
many of the same AC characteristics as the industry 
standard LM148 while greatly improving the DC character- 
istics of the LM148. The amplifier has the same band- 
width, slew rate, and gain (10 kfi load) as the LM148 and 
only draws one fourth the supply current of the LM148. In 
addition the well matched high voltage JFET input devices 
of the LF444 reduce the input bias and offset currents by a 
factor of 10,000 over the LM148. The LF444 also has a yery 
low equivalent input noise voltage for a low power 
amplifier. 

The LF444 is pin compatible with the LM148 allowing an 
immediate 4 times reduction in power drain in many 
applications. The LF444 should be used wherever low 
power dissipation and good electrical characteristics are 
the major considerations. 


/er JFET 



Features 

■ 1/4 supply current of a LM148 

■ Low input bias current- 

■ High gain bandwidth 

■ High slew rate 

■ Low noise voltage for low power 

■ Low input noise current 

■ High input impedance 

■ High gain V 0 = ±10V, R L =10k 


20(VA/Amplifier(max) 
50 pA(max) 
1 MHz 
1V//*s 
35 nV/VPfz 
0.01 pA/VHz 
10 12 fi 
50k (min) 



Simplified Schematic 


1/4 Quad 



Ordering Information 

LF444XYZ 

X indicates electrical grade 
Y indicates temperature range 

“M” for military, “C” for commercial 
Z indicates package type “D” or “N” 


Connection Diagram 

LF444AMD/LF444CD/LF444ACN/LF444CN 
Dual-ln-Line Package 

OUT 4 IN 4~ IN 4+ V" IN 3 + IN 3" OUT 3 



Order Number LF444AMD 
or LF444CD 
See NS Package D14E 

Order Number LF444ACN 
or LF444CN 
See NS Package N14A 

BI-FET 11™ is a trademark of National Semiconductor Corp. 
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Absolute Maximum Ratings 



LF444A 

LF444 


Supply Voltage 

± 22 V 

> 

00 

+1 

Power Dissipation 

Differential Input Voltage 

±38V 

±30V 

(Note 3) 

Input Voltage Range 

± 19V 

± 15V 

Tj max 

(Note 1) 


' 

0jA 

Output Short Circuit 

Duration (Note 2) 

Continuous 

Continuous 

Operating Temperature 
Range 


H Package 

900 mW 


N Package 

500 mW 


Storage Temperature 
Range 

Lead Temperature 
(Soldering, 10 seconds) 


-65°C<T a ^ 150 c C -65 °C<T a <150°C 


DC Electrical Characteristics (Note 5) 



dB 


1.0 mA 































































































AC Electrical Characteristics (Note 5) 


Symbol 

Parameter 

Conditions 

LF444A 

LF444 

Units 

Min 

Typ 




Max 


Amplifier-to-Amplifier 

Coupling 



-120 





dB 

SR 

Slew Rate 

V s = ±15 V,T a = 25°C 


1 



1 


V//xS 

GBW 

Gain-Bandwidth Product 

V s = ± 15V, T A = 25°C 


1 



1 


MHz 

e n 

Equivalent Input Noise Voltage 

T a = 25°C, R s = 100ft, 
f = 1 kHz 





35 


nV/VHz 

*n 

Equivalent Input Noise Current 

T a = 25°C, f = 1 kHz 


0.01 



0.01 


pA/>/Hz 


Note 1: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

.Note 2: Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the maximum 
junction temperature will be exceeded. 

Note 3: For operating at elevated temperature, these devices must be derated based on a thermal resistance of 0j A . 

Note 4: The LF444A is available in both the commercial temperature range 0°C<T A <70°C and the military temperature range -55°C <T A <125°C. The 
LF444 is available in the commercial temperature range only. The temperature range is designated by the position just before the package type in the device 
number. A “C” indicates the commercial temperature range and an “M” indicates the military temperature range. The military temperature range is available 
in “D” package only. 

Note 5: Unless otherwise specified the specifications apply over the full temperature range and for V$ = ±20V for the LF444A and for Vq= ± 15V for the 
LF444. Vqs> !b- and *OS are measured at Vqm = 0. 

Note 6: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, Tj. Due to 
limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperature rises 
above the ambient temperature as a result of internal power dissipation, Pq. Tj = T A + flj A Pq where 0j A is the thermal resistance from junction to ambient. Use 
of a heat sink is recommended if input bias current is to be kept to a minimum. 

Note 7: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with com- 
mon practice. 


Typical Performance Characteristics 


Input Bias Current 




Supply Current 


1 


1000 

800 

600 

400 

200 

0 



































=d 


— 






— 


25°C 







— 


-55°C 








1 






































-10 -5 0 5 10 

COMMON-MODE VOLTAGE (V) 

Positive Common-Mode 
Input Voltage Limit 


-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

Negative Common-Mode 
Input Voltage Limit 


5 10 15 20 25 

SUPPLY VOLTAGE (±V) 





0 5 10 15 20 25 

POSITIVE SUPPLY VOLTAGE (V) 


-15 -20 -25 


NEGATIVE SUPPLY 
VOLTAGE (V) 


0 1 2 3 4 5 6 7 

OUTPUT SOURCE CURRENT (mA) 
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Typical Performance Characteristics (Continued) 


Negative Current Limit 


Output Voltage Swing 



OUTPUT SINK CURRENT (mA) 


SUPPLY VOLTAGE (±V) 



-50 -25 0 25 50 75 100 125 



0.1 1 10 


TEMPERATURE (°C) 


FREQUENCY (MHz) 



10 100 Ik 10k 


Undistorted Output Voltage 
Swing 



Ik 10k 100k 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Common-Mode Rejection 
Ratio 



Power Supply Rejection 
Ratio 




10 100 Ik 10k 100k 1M 10M 
FREQUENCY (Hz) 



100 Ik 10k 100k 

FREQUENCY (Hz) 


1M 


Output Voltage Swing 



1 10 100 
Rl-OUTPUT LOAD (k«) 


s 


Slew Rate 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Open Loop Frequency 
Response 



1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Equivalent Input Noise 
Voltage 



Q 1— L 1, 1 1 1, I Mi l I I M l. I ..1.IIJ 
10 100 Ik 10k 100k 

FREQUENCY (Hz) 
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Typical Performance Characteristics (Continued) 


Open Loop Voltage Gain 



5 10 15 20 


SUPPLY VOLTAGE (±V) 


Output Impedance 



Inverter Settling Time 



10 1 i i ..i m u i i m m u 

1 10 100 

SETTLING TIMERS) 


Pulse Response r l = io kn, c L = io pf 



Large Signal Inverting 



TIME (10 /iS/OIV) 


Large Signal Non-Inverting 



TIME (10/iS/DIV) 
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Application Hints 


This device is a quad low power op amp with JFET input 
devices (BI-FET). These JFETs have large reverse break- 
down voltages from gate to source and drain eliminating 
the need for clamps across the inputs. Therefore, large dif- 
ferential input voltages can easily be accommodated 
without a large increase in input current. The maximum 
differential input voltage is independent of the supply 
voltages. However, neither of the input voltages should be 
allowed to exceed the negative supply as this will cause 
large currents to flow which can result in a destroyed unit. 

Exceeding the negative common-mode limit on either in- 
put will cause a reversal of the phase to the output and 
force the amplifier output to the corresponding high or 
low state. Exceeding the negative common-mode limit 
on both inputs will force the amplifier output to a high 
state. In neither case does a latch occur since raising the 
input back within the common-mode range again puts 
the input stage and thus the amplifier in a normal 
operating mode. 

Exceeding the positive common-mode limit on a single 
input will not change the phase of the output; however, if 
both inputs exceed the limit, the output of the amplifier 
will be forced to a high state. 

The amplifiers' will operate with a common-mode input 
voltage equal to the positive supply; however, the gain 
bandwidth and slew rate may be decreased in this condi- 
tion. When the negative common-mode voltage swings 
to within 3V of the negative supply, an increase in input 
offset voltage may occur. 

Each amplifier is individually biased to allow normal cir- 
cuit operation with power supplies of ±3.0V. Supply 
voltages less than these may degrade the common-mode 
rejection and restrict the output voltage swing. 

The amplifiers will drive a 10 kfi load resistance to ± 10V 
over the full temperature range. If the amplifier is forced 


to drive heavier load currents, however, an increase in 
input offset voltage may occur on the negative voltage 
swing and finally reach an active current limit on both 
positive and negative swings. 

Precautions should be taken to ensure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 
backwards in a socket as an unlimited current surge 
through the resulting forward diode within the 1C could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

Because these amplifiers are JFET rather than MOSFET 
input op amps they do not require special handling. 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize “pick-up” and maximize the fre- 
quency of the feedback pole by minimizing the capaci- 
tance from the input to ground. 

A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and 
capacitance from the input of the device (usually the in- 
verting input) to AC ground set the frequency of the pole. 
In many instances the frequency of this pole is much 
greater than the expected 3 dB frequency of the closed 
loop gain and consequently there is negligible effect on 
stability margin. However, if the feedback pole is less 
than approximately 6 times the expected 3 dB frequency 
a lead capacitor should be placed from the output to the 
input of the op amp. The value of the added capacitor 
should be such that the RC time constant of this capaci- 
tor and the resistance it parallels is greater than or equal 
to the original feedback pole time constant. 


Typical Application 


pH Probe Amplifier/Temperature Compensator 





PROBE — “t“ Al7-1- 

INPUT4— 4 i/aiFMdlTL 




i — wv — •— wv— ♦ 


-Loi 

T , 

l^A2 

1/4LF444 


Polystyrene 

* Film resistor type RN60C 
To calibrate, insert 
probe in pH = 7 
solution. Set “temp" dial 
to solution temperature, 
then, set “calibrate” dial 
so output read 7V. 

Typical probe = 

Ingold Electrodes 
#465-35 



BI-FET™ is a trademark of National Semiconductor Corp. 
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LF13741 



National 

Semiconductor 


Operational Amplifiers/Buffers 



LF13741 Monolithic JFET Input Operational Amplifier 


Genera! Description 

The LF 13741 is a 741 with BI-FET input followers on 
the same die. Familiar operating characteristics — those 
of a 741 — with the added advantage of low input bias 
current make the LF13741 easy to use. Monolithic 
fabrication makes this "drop-in-replacement” operational 
amplifier very economical. 

Applications in which the LF13741 excels are those 
which require low bias current, moderate speed and low 
cost. A few examples include high impedance transducer 
amplifiers, photocell amplifiers, buffers for high impe- 
dance, slow to moderate speed sources and buffers in 
sample-and-hold type systems where leakage from the 
hold capacitor node must be kept to a minimum. 

Systems designers can take full advantage of their 
knowledge of the 741 when designing with the LF13741 
to achieve extremely rapid "design times." The LF 13741 
can also be use'd in existing sockets to make the "error 
budget" for input bias and/or offset currents negligible 
and in many cases eliminate trimming. For higher speed 
and lower noise use the LF155, LF156, LF 157 series 
of BI-FET operational amplifiers. 


Feaiures 

■ Low input bias current 50 pA 

■ Input common-mode range to positive supply voltage 

■ Low input noise current 0.01 pAA/Hz 

■ High input impedance 5x10^57 

■ Familiar operating characteristics 

Advantages 

■ FET inputs — 741 operating characteristics 

■ Low cost 

■ Ease of use 

■ Standard supplies 

■ Standard pin outs .. 

■ Non-rectifying input for RF environment 

■ Rapid "design time" 

Applications 

■ Smoke detectors 

■ I to V converters! 

■ High impedance buffers 

■ Low drift sample and hold circuits 

■ High input impedance, slow comparators 

■ Long time timers 

■ Low drift peak detectors 

■ Supply current monitors 

■ Low error budget systems 


Simplified Schematic Typical Applications 

Inexpensive Microprocessor D/A 


Vref 
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Absolute Maximum Ratings 


Supply Voltage ±18V 

Power Dissipation (Note 1 ) 500 mW 

Operating Temperature Range 0°C to +70°C 

Tj(MAX) 100°C 

Differential Input Voltage ±30V 


DC Electrical Characteristics (Note 3) 


Input Voltage Range (Note 2) ±16V 

Output Short Circuit Duration Continuous 

Storage Temperature Range -65°C to +1 50°C 
Lead Temperature (Soldering, 10 seconds) 300° C 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vos 

Input Offset Voltage 

R S = 10kft, T A = 25° C 


5 

15 

mV 



Over Temperature 



20 

mV 


Voltage Offset Adjustment 

Range 


10 



mV 

AVqs/AT 

Average TC of Input Offset 

Voltage 

RS = 10k£2 


10 


juV/°C 

'OS 

Input Offset Current 

Tj = 25°C, (Notes 3, 4) 


10 

50 

pA 



Tj < 70° C 



2 

nA 

1b 

Input Bias Current 

Tj = 25°C, (Notes 3,4) 


50 

200 

PA 



Tj < 70°C 


1.6 

8 

nA 

Rin 

Input Resistance 

Tj = 25° C 


5 x 10 11 


a 

a VOL 

Large Signal Voltage Gain 

V S = ±15V, T A = 25°C 

Vo = ± 10V, R|_ = 2 k£2 

25 

100 


V/mV 



Over Temperature 

15 



V/mV 

Vo 

Output Voltage Swing 

V S = ±15V, Rl = 10 k£2 

±12 

±13 


V 

VCM 

Input Common-Mode Voltage 

V S = ±15V 

±11 

+15.1 


V 


Range 



-12 


V 

CMRR 

Common-Mode Rejection Ratio 

R S <10kft 

70 

90 


dB 

PSRR 

Supply Voltage Rejection Ratio 

(Note 5) 

77 

96 


dB 

is 

Supply Current 



2 

4 

mA 


AC Electrical Characteristics (Note 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

SR 

Slew Rate 

Vs = ±15V, Ta = 25°C 


0.5 



GBW 

Gain-Bandwidth Product 

V S = ±15V, T A = 25°C 


1.0 



e n 

Equivalent Input Noise Voltage 

T A = 25°C, Rs= 100 ft 







f = 100 Hz 


50 


> 

c 



f = 1000 Hz 


37 


nVA/Hz 

<n 

Equivalent Input Noise Current 

Tj = 25° C 
f = 100 Hz 


0.01 


pA/y/Hz 



f= 1000 Hz 


0.01 


pA/\/Hz 


Note 1: For operating at elevated temperature, the device must be derated based on a thermal resistance of 150°C/W junction to ambient or 
45°C/W junction to case. 

Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

Note 3: These specifications apply for Vg = ±15V and 0°C < T A < +70°C. Vos* *B» anc * 'OS are measured at Vqm = 0. 

Note 4: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, 
Tj. Due to limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction 
temperature rises above the ambient temperature as a result of internal power dissipation, Pq. Tj = T A + ©jA where ©ja is the thermal resis- 
tance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a minimum. 

Note 5: Supply Voltage Rejection Ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with 
common practice. 
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LF13741 


Typical Performance Characteristics 




-10 -5 0 5 , 10 

COMMON-MODE VOLTAGE (V) 



0 10 20 30 40 50 60 70 

TEMPERATURE (°C) 



0 5 10 15 20 25 

SUPPLY VOLTAGE (±V) 



0 10 20 30 40 

OUTPUT SINK CURRENT (mA) 



0 10 20 30 40 

OUTPUT SOURCE CURRENT (mA) 


Positive Common -Mode 
Input Voltage Limit 



0 5 10 15 20 

POSITIVE SUPPLY VOLTAGE (V) 


Negative Common -Mode 
Input Voltage Limit 


oc 

— 

<Tft 

<+7 

O'C 



















7 
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r~ 





/ 

7 






2 







0 5 10 15 20 

NEGATIVE SUPPLY VOLTAGE (V) 



Voltage Swing 



0 5 10 15 20 

SUPPLY VOLTAGE (±V) 


Gain Bandwidth 

1300 

T5 1200 
x 

S 1100 

h- 

I 1000 

o 

< 900 

| 800 
<t 
CD 

>■ 700 
a 600 
500 

0 10 20 30 40 50 60 70 

TEMPERATURE TC) 



Slew Rate 


V S = 

±15V 
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Typical Performance Characteristics (Continued) 


Bode Plot 



100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

-10 


Common-Mode Rejection 
Ratio 



0.1 1 10 


10 100 Ik 10k 100k 1M 10M 


Power Supply Rejection 
Ratio 



10 100 Ik 10k 100k 1M 


FREQUENCY (MHz) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Undistorted Output 
Voltage Swing 



Ik 10k 100k 1M 


Equivalent Input 



Output Impedance 



FREQUENCY (Hz) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Small Signal Non-Inverting 
Pulse Response 



TIME Oii ps/DIV 


Small Signal Inverting 
Pulse Response 



TIME O^WDIV 



TIME lOps/DIV 


TIME 10 ps/DIV 



3-91 


LF13741 



LF13741 


Application Hints 

GENERAL CHARACTERISTICS 

' The LF 13741 makes the job of converting from a 
bipolar to a FET input op amp easy. As a systems 
# designer you are probably very familiar with the 
operating characteristics of a 741 op amp. In fact, many 
of you have used 741s with FET input followers— that's 
just what the LF13741 is, but it's all on a single die. 

When you need a low cost, reliable, well known op amp 
with low input currents and moderate speed, use an 
LF13741. 

DIFFERENTIAL INPUTS 

You don't have to use clamps across the inputs for 
differential input voltages of less than 40V. The input 
JFET's of the LF13741, in addition to being well 
matched, have large reverse breakdown voltages from 
gate to source and drain. 

POSITIVE INPUT COMMON-MODE VOLTAGE LIMIT 

With the LF13741 (unlike the normal 741) you can take 
both inputs above the positive supply voltage by more 
than 0.1V before the amplifier ceases to function. 
This feature enables you to use the LF 13741 to monitor 
and/or limit the current from the same supply used to 
power it (see typical applications). 

If you exceed the positive common-mode voltage limit 
on only one input the output phase will remain correct. 
When you exceed the limit on both inputs, the output 
phase is unpredictable. 

NEGATIVE INPUT COMMON-MODE VOLTAGE 
LIMIT 

There are two negative input voltage ranges of interest: 

1. The range between the negative common-mode 
voltage limit and the negative supply voltage. 

2. Voltages which are more negative than the negative 
supply voltage. 

If you take only one of the inputs of the LF 13741 
into the first range, the output phase will remain correct. 
When you take both inputs into this range the output 
will go toward the positive supply voltage. 

If you force either or both of the inputs into the second 
range, an internal diode will be turned "ON." Unless you 
externally limit the diode current to about 1 mA, the 
device will be destroyed. In either case, limited or 
unlimited input current, you cannot predict the output. 

HANDLING 

You do not have to take any special precautions in 
handling the LF 1 3741 . It has JF ET, as opposed to fragile 
MOSFET, inputs. 

APPLYING POWER 

You should never: reverse the .power supplies to the 
LF 13741 ; plug a part in backwards in a powered socket 


or board; make the negative supply voltage more positive 
than an input voltage. 

Any one of these supply conditions will forward bias an 
internal diode. If you have not externally limited the 
resulting current, the device will be destroyed. 

LAYOUT 

To eTisure stability of response you should take care 
with lead dress, component placement and power supply 
decoupling. For example, the body of feedback resistors 
(from output to input pins) should be placed close to 
the inverting input pin. Noise "pickup" and capacitance 
to ground from the input pin will be minimized-effects 
which are usually desirable. 

Because of the very low input bias currents of the 
LF13741, special care should be taken in printed circuit 
board layouts to prevent unnecessary leakage from the 
input nodes, (see typical applications). 

FEEDBACK POLE 

You create a feedback pole when you place resistive 
feedback around an amplifier. The parallel resistance 
and capacitance from the input of the device (usually 
the inverting input) to ac ground set the frequency of 
the pole. In many instances the frequency of this pole is 
much greater than the expected 3 dB frequency of the 
closed loop gain and there is negligible effect on stability 
margin. However, if the feedback pole is less than 
approximately six times the expected 3 dB frequency, 
(a distinct possibility when using FET op amps) you 
should place a lead capacitor from the output to the 
input of the op amp. The value of the added capacitor 
should be such that the RC time constant of this capaci- 
tor and the resistance it parallels is greater than or equal 
to the original feedback pole time constant (Figure 1). 


cz 



Parasitic input capacitance Cl = (3 pF for LF 13741 plus any 
additional layout capacitance) interacts with feedback elements 
and creates undesirable high frequency pole. To compensate, 
add C2 such that: R2C2 = R1C1. 

FIGURE 1 
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Typical Applications (Continued) 



Automatic Vj os Adjust (R<j/Rg > 100) For Instrumentation Amplifier 
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Typical Applications (Continued) 


Auto Zero Circuit for LF356 



a r 


! ! 


15V oWo -15V yv- 



16 — 8 


!rn 

NORMAL 


With the output having a 10k load resistor minimum pulse 
width to zero «*800 p s 

The capacitor on the output reduces the output switch glitch 


Long Time Timer 
1/4 LF13333 i 5V 

v + ? 


Ultra-Low (Or High) Duty Cycle Pulse Generator 



1/4 LF13333 |14 



— 1 

M 

2 

l" 

v + 

n 9 



— iuu tir > 3 i 

L 

IX 


-15 V 

^THRESHOLD 
TIME ADJUST 
100k 


Time = — V TH RESHOLD 

h 

Output goes high on time out 

Reverse op amp inputs for output low on time out 

Cl low leakage capacitor 



• tOUTPUT HIGH ^ RICCn 

• tOUTPUT LOW ~ R 2C 2n - 

where Vg = V + + IV I 
*low leakage capacitor 


4 3 — 2V S t 

\ 

4 B — V s 

2V S - 7.8 
V S — 7 .8 
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Typical Applications (Continued) 


Up/Down Staircase Generator/Step and Hold 
UP 



1/4 LF13333 » 1/4 LF13333 


v_c> iW 5v 



1/4 LF13333 j 1/4 LF13333 


A. 

UP DOWN 


Supply Current Indicator/Limiter 


1N914 ▼ V D 



TO SYSTEM SUPPLY 
VOLTAGE CONNECTION 


Low Drift Adjustable Voltage Reference 
2N4118 


>D 15V 


TO CONTROL CIRCUITRY 180k < 


,LF13741 ^-#-*< 100k 


)V REF = 10V 


• V REF = lD^ p ' + R 1 + R2 )» ID = IDSS 


• Vout switches high when Rclc > Vn . , . ... .. 

uu 1 o o • Trim 250k potentiometer for drift adjust 

• Trim 100k potentiometer for Vref adjust 


(-v) : 


Supply Current Monitor 
>S _ 


Vq = 5 — (V/mA of l S ) 
R2 , 

R1 , R2, R3: 0.1% resistors 
Use LF13741 for low l B 
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Typical Applications (Continued) 

Low Drift Peak Detector 



Ultra-Low Drift Peak Detector 
20k 



• By adding D1 and Rf , Vq-j = 0 during hold mode. Leakage of 
D2 provided by feedback path through Rf . 

• Leakage of circuit is Ib plus leakage of Cf,. 

• D3 clamps VquT A1 to v IN — V D3 to improve speed and to 
limit the reverse bias of D2. 

• Maximum input frequency should be << 1/27rRfC[)2' where 
Cq 2 is the shunt capacitance of D2. 

*Low leakage capacitor 


Comparator with Offset Adjust for Hi-Z Inputs 
V + 



V“ + 3V < V| N < V + + 0.1V 


Low Current Ammeter 
Rf 

i ■■ Wr 



'FULL SCALE 

Rf 

Rb 

100 nA 

IBM 

IBM 

500 nA 

300k 

300 k 

1 mA 

300k 

0 

5 mA 

60 k 

0 

IOaiA 

30 k 

0 

50 nA 

6k 

0 

100 m A 

3k 

0 
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Typical Applications (Continued) 

t.ong Time Integrator Precision Current Sink 




V IN 

•OUT “ * where l 0 UT < •DSS 

R 


Photo Cell Amplifier (I to V Converter) 



Connection Diagrams (Top Views) 


TO-99 Metal Can Package 
NC 



See NS Package H08C 

Note: Pin 4 connected to case. 


. Dual-In-Line Package 



NC 

V + 

OUTPUT 


BALANCE 


Order Number LF13741N 
See NS Package N08B 
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National 

Semiconductor 


Operational Amplifiers/ Buffers 


LM10/LM10B(L)/LM10C(L) Op Amp and Voltage Reference 


General Description 

The LM10 series are monolithic linear ICs consisting of a 
precision reference, an adjustable reference buffer and 
an independent, high quality op amp. 


The unit can operate from a total supply voltage as low 
as 1.1V or as high as 40V, drawing only 270juA. A com- 
plementary output stage swings within 15 mV of the 
supply terminals or will deliver ±20 mA output current 
with ±0.4V saturation. Reference output can be as low 
as 200 mV. Some other characteristics of the LM10 are 


■ input-offset voltage 

■ input-offset current 

■ input-bias current 

■ reference regulation 

■ offset-voltage drift 

■ reference drift 


2.0 mV (max) 
0.7 nA (max) 
20 nA (max) 
0.1% (max) 
2 mV/°C 
0.002%/° C 


The circuit is recommended for portable equipment and 
is completely specified for operation from a single power 
cell. In contrast, high output-drive capability, both 
voltage and current, along with thermal overload pro- 
tection, suggest it in demanding general-purpose 
applications. 

The device is capable of operating in a floating mode, 
independent of fixed supplies. It can function as a remote 
comparator, signal conditioner, SCR controller or trans- 
mitter for analog signals, delivering the processed signal 
on the same line used to supply power. It is also suited 
for operation in a wide range of voltage- and current- 
regulator applications, from low voltages to several 
hundred volts, providing greater precision than existing 
ICs. 

This 'series is available in the three standard temperature 
ranges, with the commercial part having relaxed limits. 
In addition, a low-voltage specification (suffix "L") is 
available in the limited temperature ranges at a cost 
savings. 


Connection and Functional Diagrams 

Dual-In-Line Package (N) 


Metal Can Package (H) 


REFERENCE 

FEEDBACK 



Order Number LM10H, LM10BH, LM10CH, 
LM10BLH or LM10CLH 
See NS Package H08A 



Order Number LM10CN or LM10CLN See NS Package N08B 
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LM10/LM10B(L)/LM10C(L) 


Absolute Maximum Ratings 


Total supply voltage 
Differential input voltage (note 1) 
Power dissipation (note 2) 

Output short-circuit duration (note 3) 

Storage-temperature range 

Lead temperature (soldering, 10s) 


LM10/LM10B/LM10C LM10BL/LM10CL 

45V 7V 

±40V ±7V 

internally limited 
indefinite 
-55° C to +150°C 
300° C 


Electrical Characteristics it, = 25 °c, t m , n < tj < t MA x, note 4) 


(Boldface type refers to limits over temperature range.) 


PARAMETER 

j 

CONDITIONS 

| LM10/LM10B | 

| LM10C | 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input offset voltage 



0.3 

2.0 


0.5 

4.0 

mV 





3.0 



5.0 

mV 

Input offset current 



0.25 

0.7 


0.4 

2.0 

nA 

(note 5) 




1.5 



3.0 

nA 

Input bias current 



10 

20 


12 

30 

nA 





30 



40 

nA 

Input resistance 


250 

500 


150 

400 


k£l 



150 



115 



k£2 

Large signal voltage 

Vs = ±20V, Iout = 0 

120 

400 


80 

400 


V/mV 

gain 

V 0 UT = ±1 9.95V 

80 



50 



V/mV 


V s = ±20V, Vqut = ±19.4V 

50 

130 


25 

130 


V/mV 


lbuT = ± 20 mA (±15 mA) 

20 



15 



V/mV x 


V s = ±0.6V (0.65V), Iqut = ±2 mA 

1.5 

3.0 


1.0 

3.0 


V/mV 


VoUT = ±0.4V (±0.3V), V CM = -0.4V 

0.5 



0.75 



V/mV 

Shunt gain (note 6) 

1.2V (1.3V) < Vqut < 40V, 

R L = 1.1kS2 

14 

33 


10 

33 


V/mV 


0.1 mA ^ Iqut ^ 0 mA 

6 



6 



V/mV 


1.5V < V + < 40V, R L =250^ 

8 

25 


6 

25 


V/mV 


0.1 mA ^ loUT ^ 20 mA 

4 



4 



V/mV 

Common-mode 

-20V < V CM < 19.15V (19V) 

93 

102 


90 

102 


dB 

rejection 

V s = ±20V 

87 



87 



dB 

Supply-voltage 

-0.2V >V~> -39V 

90 

96 


87 

96 


dB 

rejection 

V + = 1.0V (1.1V) 

84 



84 



dB 


1.0V (1.1V) < V + <39.8V 

96 

106 


93 

106 


dB 


V" = -0.2V 

90 



90 



dB 

Offset voltage drift 



2.0 



5.0 


pV/°C ' 

Offset current drift 



2.0 



5.0 


pA/°C 

Bias current drift 

T c < 100°C 


60 



90 


pA/°C 

Line regulation 

1.2V (1.3V) < V s < 40V 


0.001 

0.003 


0.001 

0.008 

%/V 


0 < Iref < 10 mA, V REF = 200 mV 



0.006 



0.01 

%/V 

Load regulation 

0< Iref< 1.0 mA 


0.01 

0.1 


0.01 

0.15 

% 


V + -Vref>1-0V(1.1V)' 



0.15 



0.2 

% 

Amplifier gain 

0.2V < Vref <35V 

50 

75 


25 

70 


V/mV 



23 



15 



V/mV 

Feedback sense 


195 

200 

205 

190 

200 

210 

mV 

voitage 


194 


206 

189 


211 

mV 

Feedback current 



20 

50 


22 

75 

nA 





65 



90 

nA 

Reference drift 



0.002 



0.003 


%/° c 

Supply current 



270 

400 


300 

500 

HA 




1 

500 



570 

juA 

Supply current 
change 

1.2V (1.3V) < V s < 40V 


15 

75 


15 

75 

MA 
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Electrical Characteristics n\i = 25°c, t m , n < T d < t max , note 4) 


(Boldface type refers to limits over temperature range.) 


PARAMETER 

CONDITIONS 

| LM10BL | 

j LM10CL | 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input offset voltage 



0.3 

2.0 


0.5 

4.0 

mV 





3.0 



5.0 

mV 

Input offset current 



0.1 

0.7 


0.2 

2.0 

nA 

(note 5) 




1.5 



3.0 

nA 

Input bias current 



10 

20 


12 

30 

nA 





30 



40 

nA 

Input resistance 


250 

500 


150 

400 





150 



115 



k!2 

Large signal voltage 

V S = ±3. 25V, l 0UT = 0 

60 

300 


40 

300 


V/mV 

gain 

V 0UT = ±3.2V 

40 



25 



V/mV 


V s = ±3. 25V, l 0UT = 10 mA 

10 

25 


5 

25 


V/mV 


V 0 ut = -2.75V' 

4 



3 



V/mV 


V s = ±0.6V (0.65V), l 0UT = ±2 mA 

1.5 

3.0 


1.0 

3.0 


V/mV 


Vqut = ±0.4V (±0.3V), V CM = -0.4V 

0.5 



0.75 



V/mV 

Shunt gain (note 6) 

1.5V <V + < 6.5V, R l = 5000 

8 

30 


6 

30 


V/mV 


0.1 mA < Iqut < 10 mA 

4 



4 



V/mV 

Common-mode 

-3.25V < V C m < 2.4V (2.25V) 

89 

102 


80 

102 


dB 

rejection 

V s = ±3. 25V 

83 



74 



dB 

Supply-voltage 

-0.2V >V~ >-5.4 V 

86 

96 


80 

96 


dB 

rejection 

V + = 1.0V (1.2V) 

80 



74 



dB 


1.0V (1.1V) <V + < 6.3V 

94 

106 


80 

106 


dB 


V" = 0.2V 

88 



74 



dB 

Offset voltage drift 



2.0 



5.0 


av/°c 

Offset current drift 



2.0 



5.0 


pA/°C 

Bias current drift 



60 



90 


pA/°C 

Line regulation 

1.2V (1.3V) < V s <6.5V 


0.001 

0.01 


0.001 

0.02 

%/V 


0 < Iref > 0-5 mA, Vref = 200 mV 



0.02 



0.03 

%/V 

Load regulation 

0< Iref < 0.5 mA 


0.01 

0.1 


0.01 

0.15 

% 

. 

V^-Vref^ 1.0V (1.1V) 



0.15 



0.2 

% 

Amplifier gain 

0.2V <V REF < 5.5V 

30 

70 


20 

70 


V/mV 



20 



15 



V/mV 

Feedback sense 


195 

200 

205 

190 

200 

210 

mV 

voltage 


194 


206 

189 


211 

mV 

Feedback current 



20 

50 


22 

75 

nA 





65 



90 

nA 

Reference drift 



0.002 


1 

0.003 


%/°C 

Supply current 



260 

400 


280 

500 

MA 





500 



570 

MA 


Note 1: The input voltage can exceed the supply voltages provided that the voltage from the input to any other terminal does not exceed the 
maximum differential input voltage and excess dissipation is accounted for when Vjn < V - . 

Note 2: The maximum, operating-junction temperature is 150°C for the LM10, 100°C for the LMIOB(L) and 85°C for the LMIOC(L). At 
elevated temperatures, devices must be derated based on package thermal resistance. 

Note 3: Internal thermal limiting prevents excessive heating that could result in sudden failure, but the 1C can be subjected to accelerated stress 
with a shorted output and worst-case conditions. 

Note 4: These specifications apply for V - < Vcm < V + - 0.85V (1.0V), 1 .2V (1.3V) < Vg < VmaX» v REF = 0.2V and 0 < *REF <1 0 mA . 
unless otherwise specified: VmaX = 40V for the standard part and 6.5V for the low voltage part. Normal typeface indicates 25°C limits. Boldface 
type indicates limits and altered test conditions for full-temperature-range operation; this is -55°C to 125°C for the LM10, -25°C to 85°C for the 
LM10B(L) and 0°C to 70°C for the LM10C(L). The specifications do not include the effects of thermal gradients (r-| s 20 ms), die heating 
(t 2 = 0.2s) or package heating. Gradient effects are small and tend to offset the electrical error (see curves). 

Note 5: For Tj > 90° C, Iqs may exceed 1.5 nA for Vcm = V - . With Tj = 125°C and V“ < Vcm < V - + 0.1V, los < 5 nA. 

Note 6 : This defines operation in floating applications such as the bootstrapped regulator or two-wire transmitter. Output is connected to the 
V terminal of the 1C and input common mode is referred to V (see typical applications). Effect of larger output-voltage swings with higher 
load resistance can be accounted for by adding the positive-supply rejection error. 
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TOTAL SUPPLY VOLTAGE (V) SATURATION VOLTAGE (V) INPUT NOISE (nVA/Hz) INPUT CURRENT (nA) 


Typical Performance Characteristics ( Op Amp) 


common mode limits 


offset voltage drift 




- 

c 

-Vc; 

B 

— 

= v- 

IAS 




v 


14V 









N 

Vs 

= ±20 

V 




n 







i 







] 









- — - 

— 


OFFSET 

> 






= 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


I 

— 



V" 

_L 



I] 


AV 0S < 0.1 mV 
Al O s<0.2nA 
JHn < 1 nA 


•ilos < 2 nA 
-Mb < 10 nA 


-50 -25 0 25 50 75 100 125 

TEMPERATURE ( C) 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


input noise voltage 


dc voltage gain 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 



transconductance 


io 

5 



LOAD RESISTANCE (S2) 


1 0.02 0.05 0.1 0.2 0.5 1.0 

OFFSET VOLTAGE CHANGE (±mV) 


output saturation characteristics 




— -2 

I mA - 

1 — -10 mA~t 



mA 

-1 

mA 






£ 

44 

nAy 1 

0 mA 

ITT 

■K.— 

[jn 





output saturation characteristics 
1 J\ yiouT=|0™A~ 
i" 3 mA_ 


< 0.1 

o 0.05 — -3 mA- 




output saturation characteristics 


UU3 -3 mA" 

0.02 


wm 


. NPN 

1 “ PNP 

; „ I Vs - ±2V 

. U ✓ T a = -55 C 

I * 

-0.3 -0.2 -0.1 0 0.1 0.2 0.3 

OFFSET VOLTAGETHANGE (mV) 


V s = ±2V 

0.002 h T * = 25‘c4 


PNP — L 


-0.3 -0.2 -0.1 0 0.1 0.2 0.3 

OFFSET VOLTAGE CHANGE (mV) 


1.0 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 

OFFSET VOLTAGE CHANGE (mV) 


minimum supply voltage 

1.8 

NPN 

— -PNP 0 

1.6 T a = -55°C 

Vsat = 10V 


0 




\_i 

\ 

— 



j \ 

.10mA 




minimum supply voltage 


I T a s 25°C 
I V$at = 1 '®V 


NPN — 
PNP-U — 





□ 

• 

r i 

1 Iout = 20 mA 

VI L 

ij 

J 10 mA 

— 

n 

1 \ 

-10 

mA 

mA 






0.3 0.2 0.1 0 -0.1 -0.2 
OFFSET VOLTAGE CHANGE (mV) 


0.3 0.2 0.1 0 -0.1 -0.2 -0.3 

OFFSET VOLTAGE CHANGE (mV) 


minimum supply voltage 

— npn nr~ 

PNP \ 

t a = i25°c : 

V SAT = 1.0 V 

I 

I L = -10 mAi — | lt_= 1 aA — 

I -15 mA il I 1 I 


1.5 1.0 0.5 0 -0.5 -1.0 -1.5 

INPUT VOLTAGE CHANGE (mV) 
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Typical Performance Characteristics (Op Amp) 


frequency response 



SBSRSSB 

■KVU 

■him y 

IBB 

2 

■■■2 

■■■1 

.1 1.0 10 100 Ik 10k 100k 


output impedance 



FREQUENCY (Hz) 


10k 100k 1M 

FREQUENCY (Hz) 


typical stability range 


1.2 V < 



100 10 1 0.1 ' 0.01 0.1 -1 10 -101 
LOAD CURRENT (mA) 


large signal response 
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Typical Performance Characteristics (Op Amp) 
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Typical Performance Characteristics ( Reference) 
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Typical Applications 7 


op amp offset adjustment 


standard 


limited range 


limited range with boosted reference 


V + 




V + 




positive regulators^ 


low voltage 


best regulation 


zero output 



*Use only electrolytic output capacitors. 

^Circuit descriptions available in application note AN-211. 












LM10/LM10B(L)/LM10C(L) 













3-109 


LM10/LM10B(L)/LM10C(L) 







LM10/LM10B(L)/LM10C(L) 




Typical Applications 



light-level controller 



^Circuit descriptions available in application note AN-211. 

Application Hints 


With heavy amplifier loading to V , resistance drops in the V lead can adversely affect reference regulation. Lead resistance can approach 112. Therefore, the common to the 
reference circuitry should be connected as close as possible to the package. 


LM10/LM10B(L)/LM1GC(L) 




Operational Amplifier Schematic 
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IM10/LM10B(L)/LM10C(L) 


Definition of Terms 


Input offset voltage: That voltage which must be applied 
between the input terminals to bias the unloaded output 
in the linear region. 

Input offset current: The difference in the currents 
at the input terminals when the output is unloaded 
in the linear region. 

Input bias current: The absolute value of the average 
of the two input currents. * 

Input resistance: The ratio of the change in input 
voltage to the change in input current on either input 
with the other grounded. 

Large signal voltage gain: The ratio of the specified 
output voltage swing to the change in differential 
input voltage required to produce it. 

Shunt gain: The ratio of the specified output voltage 
swing to the change in differential input voltage required 
to produce it with the output tied to the V + terminal 
of the 1C. The load knd power source are connected 
between the V + and V terminals, and input common- 
mode is referred to the V terminal. 

Common-mode rejection: The ratio of the input voltage 
range to the change in offset voltage between the 
extremes. 


Supply-voltage rejection: The ratio of the specified 
supply-voltage change to the change in offset voltage 
between the extremes. 

Line regulation: The average change in reference output 
voltage over the specified supply voltage range. 

Load regulation: The change in reference output voltage 
from no load to that load specified. 

Feedback sense voltage: The voltage, referred to V , 
on the reference feedback terminal while operating 
in regulation. 

Reference amplifier gain: The ratio of the specified 
reference output change to the change in feedback 
sense voltage required to produce it. 

Feedback current: The absolute value of the current 
at the feedback terminal when operating in regulation. 

Supply current: The current required from the power 
source to operate the amplifier and reference with 
their outputs unloaded and operating in the linear 
range. 
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National 

Semiconductor 


Operational Amplifiers/Buffers 


LM11 / LM11 C/LM11CL Operational Amplifiers 


General Description 

The LM11 is a precision dc amplifier combining the best 
features of existing bipolar and FET op amps. It is similar to 
the LM108A, except that input currents have been reduced 
by more than a factor of ten. Offset voltage and drift have 
also been improved. 

Compared to FETs.'the device provides inherently lower 
offset voltage and offset voltage drift, along with at least 
an order of magnitude better long-term stability. Low fre- 
quency noise is also somewhat reduced. Bias current is 
significantly lower even under laboratory conditions, and 
its low drift makes compensation practical. Offset current 
is almost unmeasureable. Although not as fast as FETs, it 
does have a much lower power drain. This low dissipation 
has the added advantage of eliminating warm up time in 
critical applications. 

Typical characteristics for 25 °C ( - 55°C to 125°C) are: 

• offset voltage: IOO/uV (200 ^V) 

• bias current: 25pA(65pA) 

• offset current: 0.5pA<3pA) 

• temperature drift: 1 fiV/° C N 

• long-term stability: 10/A//year 


The LM11 is internally compensated, but external compen- 
sation can be added for improved frequency stability, par- 
ticularly with capacitive loads. Offset voltage balancing is 
also provided, with the balance range determined by a low- 
resistance potentiometer. 

Otherwise, the device is the electrical equivalent of the 
LM108, except that the negative common-mode limit is 
0.6V less, performance is specified down to ± 2.5V and the 
guaranteed output drive has been increased to ± 2 mA.The 
input noise is somewhat higher, but amplifier noise is 
obscured by resistor noise with higher source resistances. 

This monolithic 1C has obvious applications as electro- 
meter amplifiers, charge integrators, analog memories, 
low frequency active filters or for frequency shaping in 
slow servo loops. It can be substituted for existing circuits 
to provide improved performance or eliminate trimming 
operations. The greater precision can also be used to ex- 
tend the dynamic range of logarithmic amplifiers, light 
meters and solid-state particle detectors. 

The LM11 is manufactured with standard bipolar proces- 
sing using super-gain transistors. 


Connection Diagrams 


metal can* 



Order Number LM11H, LM11CH, or LM11CLH 
See NS Package H08C 


mini-DIP 



Order Number LM1 1 CN or LM1 1 CLN f 
See NS Package N08B 


dual-in-line package 



Order Number LM11D, LM11CD, or LM11CLD 
See NS Package D14E 
Order Number LM11CN-14 or LM11CLN-14 
See NS Package N14A 


case connected to V " 

guard pins have no internal connection 

pin connections shown on schematic diagram and for typical applications 
are for metal can or mini-DIP. 
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40V 
± 10 mA 
500 mW 
indefinite 
65 °C to 150 °C 
300 °C 


Electrical Characteristics (Tj=25°c, T M | N <Tj<T MAX ,note 4 ) 

(Boldface type refers to limits over temperature range.) 


parameter 

conditions 

LM11 

typ lim 




input offset voltage 

note 4 

0.1 

0.3 

0.2 

0.6 

0.5 

5 

mV 




0.6 


0.8 


6 

mV 

input offset current 

note 4 

0.5 

10 

1 

10 

4 

25 

pA 




30 


20 


50 

pA 

input bias current 

note 4 

25 

50 

40 

100 

70 

200 

pA 




150 


150 


300 

pA 

input resistance 

note 4 

10 11 


10” 


10" 


n 

offset voltage drift 

note 4 

1 

3 

2 

5 

3 


mV/°C 

offset current drift 

t min <t j^ t max 

20 


10 


50 


fA/°C 

bias current drift 

T MIN^Tj<T MA x 

0.5 

1.5 

0.8 

3 

1.4 


pA/°C 

large signal voltage gain 

V s ± 15V, l 0UT = ±2 mA 

300 

100 

300 

100 

300 

25 

V/mV 


V 0U t= ± 12V (± 11.5V) 


50 


50 


15 

V/mV 


V s = ± 15V, I 0U t= ±0.5 mA 

1200 

250 

1200 

250 

800 

50 

V/mV 


V 0 ut±12V 


100 


100 


30 

V/mV 

common-mode rejection 

-13V(-12.5VKV cm <14V 

130 

110 

130 

110 

110 

96 

dB 


V s = ± 15V 


100 


100 


90 

dB 

supply-voltage rejection 

± 2.5V<V S < ± 20V 

118 

100 

118 

100 

100 

84 

dB 




96 


96 


80 

dB 

supply current 

note 4 

0.3 

0.6 

0.3 

0.8 

. 0.3 

0.8 

mA 




0.8 


1 


1 

mA 

output short-circuit current 

Tj=150°C 


±15 





mA 


note 1: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in 
excess of IV is applied between the inputs unless some limiting resistance is used. In addition, a 2 kfl minimum resistance in each input is advised to avoid 
possible latch up initiated by supply reversals. 

note 2: The maximum operating-junction temperature is 150°C for the LM11 and 85°C for the LM11C(L). Devices must be derated based on package ther- 
mal resistance (see physical dimensions). 

note 3: Current limiting protects the output when it is shorted to ground or any voltage less than the supplies. With continuous overloads, package dissipa- 
tion must be taken into account and heat sinking provided when necessary. 

note 4: These specifications apply for V ~ + 2V (2.5V)<V CM < V + - 1 V and ± 2.5V< Vg< ± 20 V, unless otherwise specified. Normal typeface indicates 25 °C 
limits. Boldface type indicates limits for full-temperature range operation. This is -55°C<Tj<125 e C for the LM11 and 0°C<Tj<70°C for the LM11C(L). 


Absolute Maximum Ratings 

total supply voltage 

input current (note 1) 

power dissipation (note 2) 

output short-circuit duration (note 3) 

storage temperature range 

lead temperature (soldering, 10 seconds) 
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SATURATION VOLTAGE (V) COMMON-MOOE LIMIT (V) OFFSET VOLTAGE DRIFT (mV/°C) INPUT BIAS CURRENT (pA) 
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Typical Characteristics (Continued) 


open loop response 



0.1 1 10 100 Ik 10k 100k 1M 


follower final settling time 



0 10 20 00 40 50 


inverter final settling time 



0 2 4 6 8 10 


FREQUENCY (Hz) 


TIME (ms) 


TIME (ms) 


slew rate 



stability with over-compensation 


closed loop output impedance 



3 < < 



10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Application Hints 

When working with circuitry capable of resolving 
picoampere level signals, leakage currents in circuitry ex- 
ternal to the op amp can significantly degrade perfor- 
mance. High quality insulation is a must (Kel-F and Teflon 
rate high). Proper cleaning of all insulating surfaces to 
remove fluxes and other residues is also required. This in- 
cludes the 1C package as well as sockets and printed cir- 
cuit boards. When operating in high humidity environ- 
ments or near 0°C, some form of surface coating may be 
necessary to provide a moisture barrier. 

The effects of board leakage can be minimized by encir- 
cling the input circuitry with a conductive guard ring 
operated at a potential close to that of the inputs. For 
critical applications, dual-in-line packages are available 
that include input guard pins. With the ceramic package, 
the floating metal lid is best connected to the guard. This 
might be accomplished with a dab of conductive paint. 

Electrostatic shielding of high impedance circuitry is 
advisable. 

Error voltages can also be generated in the external cir- 
cuitry. Thermocouples formed between dissimilar metals 
can cause hundreds of microvolts of error in the presence 
of temperature gradients. The most troublesome thermo- 
couples are the junction of the 1C package and the printed 


circuit board (35 /W/° C for. copper-kovar) and internal 
resistor connections. Problems can be avoided by keeping 
low level circuitry away from heat generating elements. 
Mounting the 1C directly to the PC board while keeping 
package leads short and the input leads close together can 
also help. 

With the LM11 there is a temptation to remove the bias- 
current-compensation resistor normally used on the non- 
inverting input of a summing amplifier. Direct connection 
of the inputs to ground or a low-impedance voltage source 
is not recommended with supply voltages greater than 
about 3V. The potential problem involves reversal of one 
supply which can cause excessive current in the second 
supply. Destruction of the 1C could result if the output cur- 
rent of the second supply is not limited to about 100mA or if 
there is much more than 1 ^F bypass on the supply buss. 

Just disconnecting one supply will generally involve rever- 
sal becauseof loading totheother supply both within the 1C 
and in external circuitry. Although difficulties can be large- 
ly avoided by installing clamp diodes across the supply 
lines on every PC board, a conservative design would in- 
clude enough resistance in the input lead to limit current to 
10 mA if the input lead is pulled to either supply by internal 
currents. This precaution is by no means limited to the 
LM11. 
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input guarding 

Input guarding can drastically reduce surface leakage. 
Layout for metal can is shown here. Guarding both sides of 
board is required. Bulk leakage reduction is less and 
depends on guard ring width. 


input protection 

Current is limited by R2 even when input is connected to 
voltage source outside common mode range. If one supply 
reverses, current is controlled by R1. These resistors do not 
affect normal operation. 




Input resistor controls current when input exceeds supply 
voltages, when power for op amp is turned off or when out- 
put is shorted. 


Guard ring is connected to low impedance point at same 
potential as sensitive input leads. Connections for various 
op amp configurations are shown here. 


R1 R2 






balancing and over-compensation 

Over-compensation will improve stability with capacitive 
loading (see curves). Offset voltage adjustment range is 
determined by balance potentiometer resistance as in- 
dicated in the table. 



min. adj 

R 

range 


±5 mV 

100 k« 

±2 

10k 

±1 

3k 

±0.8 

3k 

±0.4 

Ik 


EM 
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resistance multiplication 

Equivalent feedback resistance is 10 Gfl, but only standard 
resistors are used. Even though the offset voltage is 
multiplied by 100, output offset is actually reduced 
because error is dependent on offset current rather than 
bias current. Voltage on summing junction is less than 
5 mV. 


A high-input-impedance ac amplifier for a piezoelectric 
transducer. Input resistance of 880 MQ and gain of 10 is 
obtained. 




Follower input resistance i6 1 GQ. With the input open, off- 
set voltage is multiplied by 100, but the added error is not 
great because the op amp offset is low. 



cable bootstrapping 

Bootstrapping input shield for a follower reduces cable 
capacitance, leakage and spurious voltages from cable 
flexing. Instability can be avoided with small capacitor on 
input. 



This circuit multiplies RC time constant to 1000 seconds 

and provides low output impedance. With summing amplifier, summing node is at virtual ground 

so input shield is best grounded. Small feedback capacitor 
' insures stability. 
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differential amplifiers 

This differential amplifier handles high input voltages. 
Resistor mismatches and stray capacitors should be 
balanced out for best common-mode rejection. 


Cl 

5pF 



Two op-amp instrumentation amplifier has poor ac com- 
mon mode rejection. This can be improved at the ex- 
pense of differential bandwidth with C2. 


• R5« 
2.2k 



f 0 = 10 Hz 


High gain differential instrumentation amplifier includes input guarding, cable bootstrapping and bias current compensa- 
tion. Differential bandwidth is reduced by Cl which also makes common-mode rejection less dependent on matching of in- 
put amplifiers. 



For moderate-gain instrumentation amplifiers, input amplifiers can be connected as followers. This simplifies circuitry, but 
A3 must also have low drift. 



R1 — R3; R2 = R4 


A V = 


R2 

R1 


ftrlm for dc CMRR 
$set for ac CMRR 


EH 
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Current meter ranges from 100 pA to 3 mA full scale. Voltage across input is 100 /*V at lower ranges rising to 3 mV at 3 mA. 
Buffers on op amp are to remove ambiguity with high-current overload. Output can also drive DVM or DPM. 


t l x scale calibrate 
*3x scale calibrate 
$ includes reversing switch 


current source 


Precision current source has 10 /*A to 10 mA ranges with output compliance of 30V to -5V. Output current is fully ad- 
justable on each range with a calibrated, ten-turn potentiometer. Error light indicates saturation. 


1 * uv 1 

« 

► A0J 3 

X 


T 

< 

* R3 

50k 

X 

LMHC 

5 

R6 (12* 1 f 

100M 2N4338L«J 1 

^ j 


2 



ci . r 


rl 



100 pF f 1 

LjlJ J a 


* calibrate range 

mnA tselect for Icbo^ 100 P A 
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leakage isolation 

Switch leakage in this sample and hold does not reach storage capacitor. 



* polystyrene or Telfon 
trequired if protected- 
gate switch is used 


A peak detector designed for extended hold. Leakage currents of peak-detecting diodes and reset switch are absorbed 
before reaching storage capacitor. 


300 fiS min single pulse 
200 jiS min repetitive pulse 


300 Hz max sine wave error<5 r 



t required if Q1 has gate- 
protection diode 
polystyrene or Teflon 


Reset is provided for this integrater and switch leakage is 
isolated from the summing junction. Greater precision 
can be provided if bias-current compensation is included. 


* polystyrene or Teflon 
t required if protected-gate 
switch is used 



standard-cell buffer 

Battery powered buffer amplifier for standard cell has 
negligible loading and disconnects cell for low supply 
voltage or overload on output. Indicator diode ex- 
tinguishes as disconnect circuitry is activated. 



cannot have gate protection diode; Vjh > v OUT 
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logarithmic amplifiers 

Unusual frequency compensation gives this logarithmic converter a 100 ns time constant from 1 mA down to 100 *iA, 
Increasing from 200 ns to 200 ms from 10 nA to 10 pA. Optional bias current compensation can give 10 pA resolution 
from -55°C to 100°C. Scale factor is IV/decade and temperature compensated. 


C2 

470 pF 



Light meter has eight-decade range. Bias current compensation can give input current resolution of better than 
± 2 pA over 15°C to 55°C. 
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Schematic Diagram 


COMPENSATION 



Definition of Terms 

Input offset voltage: That voltage which must be applied 
between the input terminals to bias the unloaded output in 
the linear region. 

Input offset current: The difference in the currents at the 
input terminals when the output is unloaded in the linear 
region. 

Input biascurrent: The absolute value of the average of the 
two input currents. 

Input resistance: The ratio of the change in input voltage 
to the change in input current on either input with the other 
grounded. 

Large signal voltagegain: The ratio of the specified output 
voltage swing to the change in differential input voltage 
required to produce it. 


Common-mode rejection: The ratio of the input voltage 
range to the change in offset voltage between the 
extremes. 

Temperature drift: The change of a parameter measured at 
25 °C and either temperature extreme divided by the 
temperature change. 

Supply-voltage rejection: The ratioofthespecified supply- 
voltage change (either or both supplies) to the change in 
offset voltage between the extremes. 

Supply current: The current required from the power 
source to operate the amplifier with the output unloaded 
and operating in the linear range. 
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National Operational Amplifiers/ Buffers 

Semiconductor 


LM101A/LM201A/LM301A Operational Amplifiers 


General Description 

The LM101A series are general purpose operational 
amplifiers which feature improved performance 
over industry standards like the LM709. Advanced 
processing techniques make possible an order of 
magnitude reduction in input currents, and a 
redesign of the biasing circuitry reduces the 
temperature drift of input current. Improved 
specifications include: 

■ Offset voltage 3 mV maximum over tempera- 
ture ( LM 101 A/LM20 1 A) 

■ Input current 100 nA maximum over tempera- 
ture (LM101 A/LM201 A) 

■ Offset current 20 nA maximum over tempera- 
ture (LM101A/LM201 A) 

■ Guaranteed drift characteristics 

■ Offsets guaranteed over entire common mode 
and supply voltage ranges 

■ Slew rate of 10V/jUs as a summing amplifier 

This amplifier offers many features which make its 
application nearly foolproof: overload protection 
on the input and output, no latch-up when the 
common mode range is exceeded, freedom from 
oscillations and compensation with a single 30 pF 


capacitor. It has advantages over internally com- 
pensated amplifiers in that the frequency compen- 
sation can be tailored to the particular application. 
For example, in low frequency circuits it can be 
overcompensated for increased stability margin. Or 
the compensation can be optimized to give more 
than a factor of ten improvement in high frequen- 
cy performance for most applications. 


In addition, the device provides better accuracy 
and lower noise in high impedance circuitry. 
The low input currents also make it particu- 
larly well suited for long interval integrators 
or timers, sample and hold circuits and low fre- 
quency waveform generators. Further, replacing 
circuits where matched transistor .pairs buffer 
the inputs of conventional 1C op amps, it can 
give lower offset voltage and drift at a lower cost. 


The LM101A is guaranteed over a temperature 
range of -55°C to +125°C, the LM201A from 
— 25°C to +85°C, and the LM301A from 0°C 
to 70°C. 


Schematic** and Connection Diagrams (Top Views) 



Metal Can Package 


COMTiMSAIlON 



Order Number LM101AH, 
LM201AHor LM301AH 
See NS Package H08C 


Dual-In-Line Package 



Order Number 

LM101AJ, LM201AJ, LM301AJ 
See NS Package J08A 



Order Number LM101AJ-14 
LM201AJ-14 or LM301AJ-14 
See NS Package J14A 


Order Number LM301AN 
See NS Package N08A 



'Pin connections shown are for metal can. 




Absolute Maximum Ratings 


Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Voltage 
Input Voltage (Note 2) 

Output Short Circuit Duration (Note 3) 
Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


LM101 A/LM201 A 


±22V 
500 mW 
±30V 
±15V 
Indefinite 

-55°C to +125°C (LM101A) 
-25°C to +85°C (LM201A) 
-65°C to +150°C 
300° C 


-65 C to +150 C 
300°C 


Electrical Characteristics (Note 4) 


LM101 A/LM201 A 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Ta = 25°C 








LM101A, LM201A, LM301A 

RS<50 kf2 


0.7 

2.0 


2.0 

7.5 

mV 

Input Offset Current 

T A = 25°C 


1.5 

10 


3.0 

50 

nA 

Input Bias Current 

t a = 25°C 


30 

75 


70 

250 

nA 

Input Resistance 

Ta = 25°C 

1.5 

4.0 


0.5 

2.0 


«/in 

Supply Current 

Ta = 25°C 

Vs = ±20V 


1.8 

3.0 




mA 


Vs = ±15V 





1.8 

3.0 

mA 

Large Signal Voltage Gain 

Ta - 25°C, V S = ±15V 

VOUT = ± 10V, R|_>2kn 

50 

160 


25 

160 


V/mV 

Input Offset Voltage 

. Rs<50kl2 



3.0 



10 

mV 


R S < 10 k« 







mV 

Average Temperature Coeffi- 

RS < 50 kf2 


3.0 

15 


6.0 

30 

pV/°C 

cient of Input Offset Voltage 

R S <10k£2 







mv/°c 

Input Offset Current 




20 



70 

nA 


Ta = tmax 







nA 


Ta = t M in 







nA 

Average Temperature Coeffi- 

25°C<Ta<T(viax 


0.01 

0.1 


0.01 

0.3 

nA/° C 

cient of Input Offset Current 

TmIN <Ta<25°C 


0.02 

0.2 


0.02 

0.6 

nA/°C 

Input Bias Current 




0.1 



0.3 

ma 

Supply Current 

Ta = tmax- V S = ±20V 


1.2 

2.5 




mA 

Large Signal Voltage Gain 

Vs = ±15V,V OU T = ± 10V, 

R L >2k 

25 



15 



V/ mV 

Output Voltage Swing 

Vs = ±15V 

R L = 10kft 

±12 

±14 


±12 

±14 


V 


Rj_ = 2 kfi 

±10 

±13 


±10 

±13 


V 

Input Voltage Range 

Vs = ±20V 

±15 






V 


Vs = ±15V 


+15, -13 


±12 

+15. - 13 


V 

Common-Mode Rejection Ratio 

RS < 50 k n 

80 

96 


70 

90 


dB 


RS<10kf2 







dB 

Supply Voltage Rejection Ratio 

RS < 50 k D. 

80 

96 


70 

96 


dB 


Rs< io kn 







dB 


Note 1: The maximum junction temperature of the LM101A is 150°C, and that of the LM201 A/LM301 A is 100°C. For operating at elevated 
temperatures, devices in the TO-5 package must be derated'based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to 
case. The thermal resistance of the dual-in-line package is 187°C/W, junction to ambient. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: Continuous short circuit is allowed for case temperatures to 125°C and ambient temperatures to 75°C for LM101 A/LM201 A, and 70°C 
and 55°C respectively for LM301A. 

Note 4: Unless otherwise specified, these specifications apply for Cl = 30 pF, ±5V < Vg < ±20V and -55°C < T/\ <+125°C (LM101A), 
±5V < V S <±20V and— 25°C < T A < +85° C (LM201A),±5V < V s <±15V and 0°C < T A < +70° C (LM301A). 
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LM101A/LM201A/LM301A 


Guaranteed Performance Characteristics lmioia/lm 2 oia 


Input Voltage Range 


Output Swing 


Voltage Gain 





SUPPLY VOLTAGE (±V) 


SUPPLY VOLTAGE (±V) 


SUPPLY VOLTAGE <±V) 


Guaranteed Performance Characteristics lm3oia 

Input Voltage Range Output Swing 


SUPPLY VOLTAGE (± V) 


SUPPLY VOLTAGE <±V) 


SUPPLY VOLTAGE (±V> 


Typical Performance Characteristics 

Supply Current Voltage Gain 


Voltage Gain 


Maximum Power Dissipation 


1 

m rm i rn □ i 


L 

HNssssssns 


Ta C 



HOESEESSSSSk 


MMI 

= 125°C 
| 




SUPPLY VOLTAGE (±V) 


SUPPLY VOLTAGE (±V) 


AMBIENT TEMPERATURE TO) 




Typical Performance Characteristics (Continued) 


Input Current, LM101 A/ 
LM201A/LM301A 



-50 0 50 100 150 200 

TEMPERATURE (°C) 



0 5 10 15 20 25 30 

OUTPUT CURRENT (imA) 


Input Noise Voltage 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Common Mode Rejection 



10 100 Ik 10k 100k 1M 


FREQUENCY (Hz) 


Power Supply Rejection 



Closed Loop Output Impedance 
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LM101A/LM201A/LM301A 


Typical Performance Characteristics 
for Various Compensation Circuits** 


Single Pole Compensation 


Two Pole Compensation 


Feedforward Compensation 



LM101A # v out 


ii-T 

ci > R « 


LM101A 


*Pin connections shown are for metal can. 


Open Loop Frequency Response 


T a =25°C 
V$ = ±15V — I 225 



1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Open Loop Frequency Response 

'L-l—L I Itw ran 


1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Open Loop Frequency Response 


Large Signal Frequency Response 


Large Signal Frequency Response 


III 

111 
111 

I III 


IK 10K 100K 1M 10M 

FREQUENCY (Hz) 


100k 

FREQUENCY (Hz) 




mourn 

■I 

■s 


HI 



■HUH 

■■■ 


■mm 

■I 



■I 


■■uni 

■1 


■SSiiM 


1M 

FREQUENCY (Hz) 


Voltage Follower Pulse Response 


Voltage Follower Pulse Response 


piSBESisi 

iwis 


Inverter Pulse Response 


■ESI 

;gBBr.E f>a: 

■Willi 

inn 


mm 


0 10 20 30 40 50 60 70 80 
tlME (us) 


0 10 20 30 40 50 60 70 80 
TIME (us) 


0 1 2 3 4 5 6 7 8 

TIME (us) 








Typical Applications * * 

Variable Capacitance Multiplier Simulated Inductor Fast Inverting Amplifier With High 

Input Impedance 





Inverting Amplifier Sine Wave Oscillator Integrator with Bias Current Compensation 




Protecting Against Gross 
Fault Conditions 



Compensating For Stray Input 
Capacitances Or Large Feedback 
Resistor 




Although the LM101A is designed for trouble free operation, experience has 
indicated that it is wise to observe certain precautions given below to protect the 
devices from abnormal operating conditions. It might be pointed out that the 
advice given here is applicable to practically any 1C op amp, although the exact 
reason why may differ with different devices. 

When driving either input from a low-impedance source, a limiting resistor should 
be placed in series with the input lead to limit the peak instantaneous output 
current of the source to something less than 100 mA. This is especially important 
when the inputs go outside a piece of equipment where they could accidentally be 
connected to high voltage sources. Large capacitors on the input (greater than 
0.1 juF) should be treated as a low source impedance and isolated with a resistor. 
Low impedance sources do not cause a problem unless their output voltage ex- 
ceeds the supply voltage. However, the supplies go to zero when they are turned 
off, so the isolation is usually needed. 

The output circuitryiis protected against damage from shorts to ground. However, 
when the amplifier output is connected to a test point, it should be isolated by 
a limiting resistor, as test points'frequently get shorted to bad places. Further, 
when the amplifier drives a load external to the equipment, it is also advisable 
to use some sort of limiting resistance to preclude mishaps. 

Precautions should be taken to insure that the power supplies for the integrated 
circuit never become reversed— even under transient conditions. With reverse volt- 
ages greater than IV, the 1C will conduct excessive current, fuzing internal 
aluminum interconnects. If there is a possibility of this happening, clamp diodes 
with a high peak curren| rating should be installed on the supply lines. Reversal of 
the voltage between V and V - will always cause a problem, although reversals 
with respect to ground may also give difficulties in many circuits. 

The minimum values given for the frequency compensation capacitor are stable 
only for source resistances less than 10 kft, stray capacitances on the summing 
junction less than 5 pF and capacitive loads smaller than 100 pF. If any of these 
conditions are not met, it becomes necessary to overcompensate the amplifier 
with a larger compensation capacitor. Alternately, lead capacitors can be used in 
the feedback network to negate the effect of stray capacitance and large feedback 
resistors or an RC network can be added to isolate capacitive loads. 

Although the LM101A is relatively unaffected by supply bypassing, this cannot 
be ignored altogether. Generally it is necessary to bypass the supplies to ground at 
least once on every circuit card, and more bypass points may be required if more 
than five amplifiers are used. When feed-forward compensation is employed, how- 
ever, it is advisable to bypass the supply leads of each amplifier with low 
inductance capacitors because of the higher frequencies involved. 


**Pin connections shown are for metal can. 
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Typical Applications** (Continued) 


Standard Compensation and 

Offset Balancing Circuit Fast Summing Amplifier 



Fast AC/ DC Converter* 


Instrumentation Amplifier 



Integrator with Bias Current Compensation 



Voltage Comparator for Driving 
RTL Logic or High Current Driver 



Low Frequency Square Wave Generator 



Low Drift Sample and Hold 


Voltage Comparator for Driving 
DTL or TTL Integrated Circuits 





*Pin connections shown are for metal can. 
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National 

Semiconductor 


Operational Amplifiers/Buffers 


LM102/LM202/LM302 Voltage Followers 


General Description 

The LM102 series are high-gain operational 
amplifiers designed specifically for unity-gain 
voltage follower applications. Built on a single 
silicon chip, the. devices incorporate advanced 
processing techniques to obtain very low input 
current and high input impedance. Further, the 
input transistors are operated at zero collector- 
base voltage to virtually eliminate high tempera- 
ture leakage currents. It can therefore be operated 
in a temperature stabilized component oven to 
get extremely low input currents and low offset 
voltage drift. Other outstanding characteristics 
of the device include: 

• Fast slewing — 10V//is 

• Low input current — 10 nA (max) 


• High input resistance — 10,000 M£2 

• No external frequency compensation required 

• Simple offset balancing with optional 1 K poten- 
tiometer 

• Plug-in replacement for both the LM101 and 
LM709 in voltage follower applications. 

The LM102, which is designed to operate with sup- 
ply voltages.between ±12V and ±15V, also features 
low input capacitance as well as excellent small sig- 
nal and large signal frequency response — all of 
which minimize high frequency gain error. Because 
of the low wiring capacitances inherent in mono- 
lithic construction, this fast operation can be real- 
ized without increasing power consumption. 


Schematic** and Connection Diagrams 



Typical Applications** 

Low Pass Active Filter 




Metal Can Package 

TOP VIEW 


NO CONNECTION l 



Order Number LM102H, LM202H 
or LM302H 
See NS Package H08C 


Sample and Hold With 
Offset Adjustment 



‘Polycarbonate-dielectric capacitor. 

High Input Impedance 
AC Amplifier 
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LM102/LM202/LM302 


Absolute Maximum Ratings 


Supply Voltage 

Power Dissipation (Note 1) 


Input Voltage (Note 2) 

Output Short Circuit Duration (Note 3) 
Operating Temperature Range LM102 
LM202 
LM302 


Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


±18V 
500 mW 
±1 5V 
Indefinite 
-55° C to 125°C 
— 25°C to 85° C 
0°C to 70° C 
-65° C to 150°C 
300° C 


Electrical Characteristics (Note 4) 


PARAMETER 


LM102 | 

LM202 | 

! LM302 | 

UNITS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

Ta = 25° C 


2 

5 


3 

10 


5 

15 

mV 

Input Bias Current 

Ta = 25°C 


3 

10 


7 

15 


10 

30 

nA 

Input Resistance 

Ta = 25°C 

io™ 

1012 


10 10 

10^ 


109 

10 12 


n 

Input Capacitance 




3.0 


3.0 



3.0 


pF 

Large Signal Voltage 

Ta = 25°C, Vs = ±15V ( 

0.999 

0.9996 


0.999 

0.9995 

1.0 

0.9985 

0.9995 

1.0 

V/V 

Gain 

V0UT = ± WV, R L = 8kS2 











Output Resistance 

Ta = 25°C 


0.8 

2.5 


0.8 

2.5 


0.8 

2.5 

n 

Supply Current 

Ta = 25°C 


3.5 

5.5 


3.5 

5.5 


3.5 

5.5 

mA 

Input Offset Voltage 




7.5 



15 



20 

mV 

Offset Voltage 
Temperature Drift 



6 



15 



20 


juV/°C 

Input Bias Current 

Ta = TaMAX 


3 

10 


1.5 

5.0 


3.0 

15 

nA 


Ta = TaMIN 


30 

100 


30 

50 


20 

50 

nA 

Large Signal Voltage 

Vs = ±15V, VoUT = ± 10V 

0.999 










Gain 

R|_= 10 kO 











Output Voltage Swing 

Vs = ±15V, Rl= 10 kSl, 
(Note 5) 

±10 



±10 



±10 



V 

Supply Current 

T A = 125°C 


2.6 

4.0 







mA 

.Supply Voltage 
Rejection Ratio 

±12V<Vs<±15V 

60 



60 



60 



dB 


Note 1: The maximum junction temperature of the LM102 is 150°C, while that of the LM202 is 100°C and that of the LM302 is85°C. For oper- 
ating at elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 
45°C/W, junction to case. The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: Continuous short circuit for the LM102 and LM202 is allowed for case temperatures to 125°C and ambient temperatures to 70°C.For the 
LM302, continuous short circuit is allowed for 70° C case or 55° C ambient temperature. It is necessary to insert a resistor greater than 2 k£2 in 
series with the input when the amplifier is driven from low impedance sources to prevent damage when the output is shorted. 

Note 4: These specifications apply for +12V < Vs < ±15V and -55° C < T/\ < 125°C for the LM102, -25° C < < 85° C for the LM202, 

and 0°C < < 70°C for the LM302 unless otherwise specified. 

Note 5: Increased output swing under load can be obtained by connecting an external resistor between the booster and V~ terminals. See curve. 
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LM107/LM207/LM307 



National 

Semiconductor 


Operational Amplifiers/ Buffers 


LM107/LM207/LM307 Operational Amplifiers 


General Description 

The LM107 series are complete, general purpose 
operational amplifiers, with the necessary frequency 
compensation built into the chip. Advanced proc- 
essing techniques make the input currents a factor 
of ten lower than industry standards like the 709. 
Yet, they are a direct, plug-in replacement for the 
709, LM101 A and 741. 

■ Offset voltage 3 mV maximum over tempera- 
ture 

■ Input current 100 nA maximum over tempera- 
ture 

■ Offset current 20 nA maximum over tempera- 
ture 

■ Guaranteed drift .characteristics 


The LM107 series offers the features of the 
LM101A, which makes its application nearly fool- 
proof. In addition, the device provides better 
accuracy and lower noise in high impedance 
circuitry. The low input currents also make it 
particularly well suited for long interval integrators 
or timers, sample and hold circuits and low 
frequency waveform generators. Further, replacing 
circuits where matched transistor pairs buffer the 
inputs of conventional 1C op amps, it can give 
lower offset voltage and drift at a lower cost. 

The LM107 is guaranteed over a -55°C to +125°C 
temperature range, the LM207 from -25°G to 
+85°C and the LM307 from 0°C to +70°C. 


Schematic** and Connection Diagrams 



Metal Can Package 



TOP VIEW 

Order Number LM107H, LM207H 
or LM307H 
See NS Package H08C 


Dual-1 n-Line Package 


Dual-ln-Line Package 



Note: Pin 4 connected to bottom of package. Note: Pin 6 connected to bottom of package. 
top view' top view 

Order Number LM107J, Order Number LM107J-14, 
LM207J or LM307J LM207J-14 or LM307J-14 

See NS Package J08A See NS Package J14A 

Order Number LM307N 
See NS Package N08A 


**Pin connections shown are for metal can. 
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Absolute Maximum Ratings 




LM107/LM207 

LM307 




Supply Voltage 


±22 V 

±18V 


Tmin 

TmAX 

Power Dissipation (Note 1) 


500 mW 

500 mW 




Differential Input Voltage 


±30V 

±30V 

LM107 

-55°C 

+125°C 

Input Voltage (Note 2) 

Output Short-Circuit Duration 


±15V 

Indefinite 

±15V 

Indefinite 

LM207 

-25° C 

+85° C 

Operating Temperature Range 

(LM107) 

— 55°C to +125°C 

0°C to +70° C 

LM307 

0°C 

+70°C 


(LM207) 

-25° C to +85° C 





Storage Temperature Range 


-65° C to +150°C 

-65°C to +150°C 




Lead Temperature (Soldering, 10 seconds) 

300° C 

300° C 





Electrical Characteristics (Note 3) 


PARAMETER 


Input Offset Voltage 
Input Offset Current 
Input Bias Current 
Input Resistance 
Supply Current 


Large Signal Voltage 
Gain 

Input Offset Voltage 

Average Temperature 
Coefficient of Input 
Offset Voltage 

Input Offset Current 

Average Temperature 
Coefficient of Input 
Offset Current 

Input Bias Current 
Supply Current 

Large Signal Voltage 
Gain 

Output Voltage Swing 


Input Voltage Range 


CONDITIONS 


Ta = 25°C, R S < 50 kft 

Ta = 25°C 

Ta = 25°C 

Ta = 25° C 

T A = 25° C 

V S = ±20V 

V S = ±15V 

T A = 25°C, V S = ±15V 
VOUT = ± 10V, R L > 2 kO 
RS < 50 kO 


25°C<T A <TmAX 

TmIN<T A <25°C 


T A = +125 C, Vs = ±20V 

Vs = ±15V, VquT = -10V 
Rl_>2k£2 

Vs = ±15V 
RL= 10 k£2 
R|_ = 2k£2 

Vs = ±20V 
V S = ±15V 

RS < 50 ktt 

R S <50 k 9. 


LM107/LM207 


LM307 


TYP 

MAX MIN 

TYP 

MAX 

0.7 

2.0 

2.0 

7.5 

1.5 

10 

3.0 

50 

30 

75 

70 

250 

4.0 

0.5 

2.0 


1.8 

3.0 





1.8 

3.0 

160 

25 

160 



3.0 


10 

3.0 

15 

6.0 

30 


20 


70 

0.01 

0.1 

0.01 

0.3 

0.02 

0.2 

0.02 

0.6 


100 


300 

1.2 

2.5 




15 



±14 

±12 

±14 


±13 

±10 

±13 


+15 

±12 

+15 


-13 


-13 


96 

70 

90 


96 

70 

96 




Common Mode RS<50kl2 

Rejection Ratio 

Supply Voltage RS<50kH 80 96 

Rejection Ratio 


Note 1: The maximum junction temperature of the LM107 is 150°C, and the LM207/LM307 is 100°C. For operating at elevated temperatures, 
devices in the TO-5 package must be derated based on a thermal resistance of 150° C/W, junction to ambient, or 45°C/W, junction to case. The 
thermal resistance of the dual-in-line package is 100° C/W, junction to ambient. 

Note 2: For supply voltages less than -15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: These specifications apply for ±5V < V 5 < +20V and — 55°C < T/\ < +125°Cfor the LM107 or— 25°C < T/\ < +85°C for the LM207, and 
0°C < T/\ < +70°C and ±5V < Vg < ±15V for the LM307 unless otherwise specified. 
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Typical Performance Characteristics (Continued) 


Open Loop 
Frequency Response 


Large Signal 
Frequency Response 


Voltage Follower 
Pulse Response 



FREQUENCY (Hr) FREQUENCY (Hr) 



0 10 20 30 40 50 60 70 80 


TIME (;js) 


Typical Applications** 


Inverting Amplifier 


Non-Inverting AC Amplifier 


Non-Inverting Amplifier 



m H2 




Tunable Notch Filter 


Differential Input Instrumentation Amplifier 



**Pin connections shown are for metal can. 
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LM108/LM208/LM308 



National Operational Amplifiers/ Buffers 

Semiconductor 


LM108/LM208/LM308 Operational Amplifiers 


General Description 

The LM108 series are precision operational ampli- 
fiers having specifications a factor of ten better 
than FET amplifiers over a -55°C to +125°C 
temperature range. Selected units are available 
with offset voltages less than 1.0 mV and drifts 
less than 5juV/°C, again over the military tempera- 
ture range. This makes it possible to eliminate 
offset adjustments, in most cases, and obtain 
performance approaching chopper stabilized 
a m p li f iers. 

The devices operate with supply voltages from 
±2V to ±20V and have sufficient supply rejection 
to use unregulated supplies. Although the circuit 
is interchangeable with and uses the same compen- 
sation as the LM101A, an alternate compensation 
scheme can be used to make it particularly insen- 
sitive to power supply noise and to make supply 
bypass capacitors unnecessary. Outstanding char- 
acteristics include: 


■ Maximum input bias current of 3.0 nA over 
temperature 

■' Offset current less than 400 pA over tempera- 
ture 

■ Supply current of only 300 /iA, even in satura- 
tion 

■ Guaranteed drift characteristics 

The low current error of the LM108 series makes 
possible many designs that are not practical with 
conventional amplifiers. In fact, it operates from 
10 M£2 source resistances, introducing less error 
than devices like the 709 with 10k£2 sources. 
Integrators with drifts less than 500juV/sec and 
analog time delays in excess of one hour can be 
made using capacitors no larger than 1 juF. 

The LM108 is guaranteed from ~55°Cto +125° C, 
the LM208 from -25° C to +85°C, and the LM308 
from 0°C to +70° C. 


Compensation Circuits 

Standard Compensation Circuit Alternate* Frequency Compensation Feedforward Compensation 





Typical Applications 


Sample and Hold 



High Speed Amplifier with Low Drift 
and Low Input Current 


R in , R, 
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Absolute Maximum Ratings 

Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Current (Note 2) 

Input Voltage (Note 3) 

Output Short-Circuit Duration 
Operating Temperature Range (LM108) 
(LM208) 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


LM108/LM208 

±20V 
500 mW 
±10 mA 
±1 5V 
Indefinite 
— 55°C to +125°C 
— 25°C to +85° C 
-65°C to +1 50° C 
300° C 


LM308 

±18V 
500 mW 
±10 mA 
±1 5V 
Indefinite 
0°C to +70° C 

-65° C to +1 50°C 
300°C 


Electrical Characteristics (Note 4) 


PARAMETER 

CONDITIONS 

! LM108/LM208 | 

! LM308 j 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Offset Voltage 

Ta = 25° C 


0.7 

2.0 


2.0 

7.5 

mV 

Input Offset Current 

Ta = 25° C 


0.05 

0.2 


0.2 

1 


Input Bias Current 

T A = 25° C 


0.8 

2.0 


1.5 

7 


Input Resistance 

T A = 25° C 

30 

70 


10 , 

40 



Supply Current 

Ta = 25° C 


0.3 

0.6 


0.3 

0.8 


Large Signal Voltage Gain 

T A = 25°C, Vs = ±15V, 

VOUT = -10V, R L > io kn 

50 

300 


25 

300 



Input Offset Voltage 




3.0 



10 

mV 

Average Temperature 
Coefficient of Input Offset 
Voltage 



3.0 

15 


6.0 

30 

MV/°C 

Input Offset Current 




0.4 



1.5 

nA 

Average Temperature 
Coefficient of Input Offset 

Current 



0.5 

2.5 


2.0 

10 

pA/°C 

Input Bias Current 




3.0 



10 

nA 

Supply Current 

T A = 125°C 


0.15 

0.4 




mA 

Large Signal Voltage Gain 

Vs = ±15V, VquT = ± 10V ^ 

R L > 10 k£2 

25 



15 



V/mV 

Output Voltage Swing 

Vs = ±15V ( R(_ = 10 kn 

±13 

±14 


±13 

±14 


V 

Input Voltage Range 

Vs = ±15V 

±13.5 



±14 



V 

Common-Mode Rejection 

Ratio 


85 

100 


80 

100 


dB 

Supply Voltage Rejection 

Ratio 


80 

96 


80 

96 


dB 


Note 1 : The maximum junction temperature of the LM108 is 150°C, for the LM208, 100°C and for the LM308, 85° C. For operating at elevated 
temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45° C/W, junction to 
case. The thermal resistance of the dual-in-line package is 100° C/W, junction to ambient. * 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input 
voltage in excess of IV is applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5V < V§ < ±20V and -55° C < Ta < 125°C, unless otherwise specified. With the LM208, however, 
all temperature specifications are limited to -25°C < Ta < 85°C, and for the LM308 they are limited to 0°C < Ta < 70°C. 
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VOLTAGE GAIN (dB) VOLTAGE GAIN (dB) INPUT NOISE (nV/ v/Hz) INPUT CURRENT (nA) 
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Schematic Diagram and Compensation Circuits 


Standard Compensation Circuit 



Typical Applications (Continued) 

Sample and Hold 


Connection Diagrams 

Metal Can Package 



Order Number LM108H 
LM208H or LM308H 
See NS Package H08C 

•Pin connections shown on schematic diagram are for TO-5 package. 
**Unused pin (no internal connection) to allow for input anti-leakage 
guard ting on printed circuit board layout. 


Fast* Summing Amplifier 




Dual-1 n-Line Package 


Dual-1 n-Line Package 




Order Number LM108J, 
LM208J or LM308J 
See NS Package J14A 


Order Number LM108J-8, 
LM208J-8 or LM308J-8 
See NS Package J08A 
Order Number LM308N 
See NS Package N08B 
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National Operational Amplifiers/ Buffers 

Semiconductor 

LM108A/LM208A/LM308A, LM308A-1, LM308A-2 
Operational Amplifiers 


General Description 

The LM108/LM108A series are precision opera- 
tional amplifiers having specifications about a 
factor of ten better than FET amplifiers over 
their operating temperature range. In addition to 
low input currents, these devices have extremely 
low offset voltage, making it possible to eliminate 
offset adjustments, in most cases, and obtain 
performance approaching chopper stabilized 
amplifiers. 

The devices operate with supply voltages from 
±2 V to ±18V and have sufficient supply rejection 
to use unregulated supplies. Although the circuit is 
interchangeable with and uses the same compensa- 
tion as the LM101A, an alternate compensation 
scheme can be used to make it particularly insensi- 
tive to power supply noise and to make supply 
bypass capacitors unnecessary. Outstanding char- 
acteristics include: 

■ Offset voltage guaranteed less than 0.5 mV 

■ Maximum input bias current of 3.0 nA over 
temperature 


■ Offset current less than 400 pA over tempera- 
ture 

■ Supply current of only 300 p A, even in 
saturation 

■ Guaranteed 5 pV/°C drift. 

■ Guaranteed 1 pV/°C for LM308A-1 

The low current error of the LM108A series makes 
possible many designs that are not practical with 
conventional amplifiers. In fact, it operates from 
10MI2 source resistances, introducing less error 
than devices like the 709 with 10 k£2 sources. Inte- 
grators with drifts less than 500 pV/ sec and analog 
time delays in excess of one hour can be made 
using capacitors no larger than 1 pF. 

The LM208A is identical to the LM108A, except 
that the LM208A has its performance guaranteed 
over a -25°C to 85°C temperature range, instead 
of — 55°C to 125°C. The LM308A devices have 
slightly-relaxed specifications and performance 
guaranteed over a 0°C to 70°C temperature range. 


Compensation Circuits 

Standard Compensation Circuit Alternate* Frequency Compensation 

R1 R2 R1 R2 




Feedforward Compensation 


cz 

SpF 



Typical Applications 


Sample and Hold 



High Speed Amplifier with Low Drift 
and Low Input Current 


Rin Rf 
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LM108A/LM208A/LM308A, 
LM308A-1, LM308A-2 


LM108A/LM208A 

Absolute Maximum Ratings 





Supply Voltage ±20V 

Power Dissipation (Note 1 ) 500 mW 

Differential Input Current (Note 2) ±10 mA 

Input Voltage (Note 3) ±15V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range LM108A -55°Cto125°C 

LM208A -25°C to 85°C 

Storage Temperature Range -65°Cto150°C 

Lead Temperature (Soldering, 10 sec) 300°C 




Electrical Characteristics (Note 4) 





PARAMETER 

; 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

T a = 25°C 


0.3 

0.5 

mV 

Input Offset Current 

T a = 25° C 


0.05 

0.2 

nA 

Input Bias Current 

' T a = 25°C 


0.8 

2.0 

nA 

Input Resistance 

T a = 25°C 

30 

70 


mi 

Supply Current 

T a = 25°C 


0.3 

0.6 

mA 

Large Signal Voltage Gain 

T A = 25° C, V s = ±1 5V 

V OU T = ± 10V, R L >10kS2 

80 

300 


V/mV 

Input Offset Voltage 




1.0 

mV 

Average Temperature 
Coefficient of Input 

Offset Voltage 



1.0 

5.0 

juV/°C 

Input Offset Current 




0.4 

nA 

Average Temperature 
Coefficient of Input 

Offset Current 



0.5 

2.5 

pA/°C 

. Input Bias Current 




3.0 

nA 

Supply Current 

T a = +1 25°C 


0.15 

0.4 

mA 

Large Signal Voltage Gain 

V s = ±15V, Vqut = ±10V 

R l > 10 kil 

40 



V/mV 

Output Voltage Swing 

V s = ±15V, R l = 10 kn 

±13 

±14 


V 

Input Voltage Range 

V s = ±15 V 

±13.5 



V 

Common Mode Rejection 
Ratio 


96 

110 


dB 

Supply Voltage Rejection 
Ratio 


96 

110 


dB 

Note 1: The maximum junction temperature of the LM108A is 150°C, while that of the LM208A is 

100°C. For operating at elevated temperatures, devices in the TO-5 package must be derated based on 
a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. The thermal 
resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, 
excessive current will flow if a differential input voltage in excess of IV is applied between the inputs 
unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
o supply voltage. 

Note 4: These specifications apply for ±5V < V s < ±20V and -55°C < T A < 125°C, unless other- 
wise specified. With the LM208A, however, all temperature specifications are limited to 
-25 °C<T a <85°C. 
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LM308A, LM308A-1, LM308A-2 
Absolute Maximum Ratings 

Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Current (Note 2) 

Input Voltage (Note 3) 

Output Short-Circuit Duration 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 


±18V 
500 mW 
±10 mA 
±1 5V 
Indefinite 
0°C to 70°C 
-65°C to 1 50°C 
300°C 


Electrical Characteristics (Note - 



Note 1: The maximum junction temperature of the LM308A, LM308-1 and LM308-2 is 85°C. For operating at elevated temperatures, devices in 
the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. The thermal 
resistance of the dual-in-line package is 100° C/W junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input 
voltage in excess of IV is applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5V < Vg< ± 15V and 0 °C<Ta< 70°C, unless otherwise specified. 
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LM108A/LM208A/LM308A, 
LM308A-1, LM308A-2 


Application Hints 

A very low drift amplifier poses some uncommon 
application and testing problems. Many sources of 
error can cause the apparent circuit drift to be 
much higher than would be predicted. 

Thermocouple effects caused by temperature grad- 
ient across dissimilar metals are perhaps the worst 
offenders. Only a few degrees gradient can cause 
hundreds of microvolts of error. The two places 
this shows up, generally, are the package-to print- 
ed circuit board interface and temperature gradients 
across resistors. Keeping package leads short and 
the two input leads close together help greatly. 

Resistor choice as well as physical placement is 
important for minimizing thermocouple effects. 
Carbon, oxide film and some metal film resistors 
can cause large thermocouple errors. Wirewound 
resistors of evanohm or manganin are best since 
they only generate about 2 juV/°C referenced to 
copper. Of course, keeping the resistor ends at 
the same temperature is important. General- 
ly, shielding a low drift stage electrically and 
thermally will yield good results. • 

Resistors can cause other errors besides gradient 
generated voltages. If the gain setting resistors do 
not track with temperature a gain error will result. 
For example a gain of 1000 amplifier with a con- 


Offset Adjustment for Inverting Amplifiers 


R3 



stant 10 mV input will have a 10V output. If the 
resistors mistrack by 0.5% over the operating temp- 
erature range, the error at the output is 50 mV. 
Referred to input, this is a 50 juV error. All of the 
gain fixing resistor should be the same material. 

Offset balancing the LM308A-1 can be a problem 
since there is no easy offset adjustment incorpo- 
rated into the circuit. These devices are selected for 
low drift with no offset adjustment to the internal 
circuitry, so any change of the internal currents 
will change the drift - probably for the worse. 
Offset adjustment must be done at the input. The 
three most commonly needed circuits are shown 
here. 

Testing low drift amplifiers is also difficult. Stan- 
dard drift testing technique such as heating the 
device in an oven and having the leads available 
through a connector, thermoprobe, or the solder- 
ing iron method — do not work. Thermal gradients 
cause much greater errors than the amplifier drift. 
Coupling microvolt signal through connectors is 
especially bad since the temperature difference 
across the connector can be 50°C or more. The 
device under test along with the gain setting resis- 
tor should be isothermal. The following circuit 
will yield good results if well constructed. 


Offset Adjustment for Non-Inverting Amplifiers 


R5 



Offset Adjustment for Differential Amplifiers Drift Measurement Circuit 
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Schematic Diagram* 



Connection Diagrams 

Metal Can Package 

COMP 2 


Order Number LM108AH, LM208AH, 

LM308AH, LM308AH-1 or LM308AH-2 
See NS Package H08C 

V" 

**Unused pin (no internal connection) to allow for input anti-leakage 
guard ring on printed circuit board layout. 



Order Number LM108AJ, LM208AJ, 
or LM308AJ 
See NS Package J14A 


Dual-ln-Line Package 



TOP VIEW 


Dual-ln-Line Package 



Order Number LM108AJ-8, 
LM208AJ-8 or LM308AJ-8 
See NS Package J08A 
Order Number LM208AN 
or LM308AN 
See NS Package N08B 



3-153 


LM108A/LM208A/LM308A, 
LM308A-1, LM308A-2 



LM110/LM210/LM310 


^ National 
jlA Semiconductor 


Operational Amplifiers/ Buffers 


LM110/LM210/LM310 Voltage Follower 


General Description 


The LM110 series are monolithic operational 
amplifiers internally connected as unity-gain 
non-inverting amplifiers. They use super-gain 
transistors in the input stage to get low bias 
current without sacrificing speed. Directly inter- 
changeable with 101, 741 and 709 in voltage 
follower applications, these devices have internal 
frequency compensation and provision for offset 
balancing. Outstanding characteristics include: 

■ Input current: 10 nA max. over temperature 

■ Small signal bandwidth: 20 MHz 

■ Slew rate: 30\J/(is 

■ Supply voltage range: ±5V to ± 18V 


The LM110 series are useful in fast sample and 
hold circuits, active filters, or as general-purpose 
buffers. Further, the frequency response is enough 
better than standard 1C amplifiers that the 
followers can be included in the feedback loop 
without introducing instability. They are plug-in 
replacements for the LM102 series voltage fol- 
lowers, offering lower offset voltage, drift, bias 
current and noise in addition to higher speed and 
wider operating voltage range. 


The LM110 is specified over a temperature range 
-55* C < Ta < +125°C, the LM210 from 
-25°C < Ta < +85° C and the LM310 from 
0°C < T A < +70°C. 


Schematic Diagram 


Typical Applications 
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Absolute Maximum Ratings 


Supply Voltage 

Power Dissipation (Note 1) 

Input Voltage (Note 2) 

Output Short Circuit Duration 
Operating Temperature Range 


(Note 3) 
LM110 
LM210 
LM310 


Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


±18V 
500 mW 
±15V 
Indefinite 
-55°C to 125° C 
-25°C to 85° C 
0°C to +70° C 
-65°C to 150°C 
300° C 


Electrical Characteristics (Note4i 


PARAMETER 

CONDITIONS 

LM110 j 

LM210 | 

LM310 | 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

T A = 25°C 


1.5 

4.0 


1.5 

4.0 


2.5 

7.5 

mV 

Input Bias Current 

T A = 25°C 


1.0 

3^0 


1.0 

3.0 


2.0 

7.0 

nA 

Input Resistance 

T A = 25°C 

10 10 

10 12 


10 10 

10 12 


10 1° 

10 12 


n 

Input Capacitance 



1.5 



1.5 



1.5 


PF 

Large Signal Voltage 

T A = 25°C, V S = ±15V 

0.999 

0.9999 


0.999 

0.9999 


0.999 

0.9999 


V/V 

Gain 

VOUT = ± 10V, Rl = 8 k£2 











Output Resistance 

T A = 25°C 


0.75 

2.5 


0.75 

2.5 


0.75 

2.5 

n 

Supply Current 

T A = 25°C 


3.9 

5.5 


3.9 

5.5 


3.9 

5.5 

mA 

Input Offset Voltage 




6.0 



6.0 



10 

mV 

Offset Voltage 

-55°C < T A < +85°C 


6 



6 





juV/°C 

Temperature Drift 

T A =125°C 


12 



12 





juV/°C 


0°C < T A < +70° C 








10 


juV/°C 

Input Bias Current 




10 



10 



10 

nA 

Large Signal Voltage 

V$ = ±15V, Vqut = ±10V 

0.999 



0.999 



0.999 



V/V 

Gain ‘ 

rl = iokn 











Output Voltage 

Swing (Note 5) 

Vs = ±15V, Rl = lOkfi 

±10 



±10 



±10 



V 

Supply Current 

T A = 125°C 


2.0 

4.0 


2.0 

4.0 




mA 

Supply Voltage 
Rejection Ratio 

±5V< Vs<±18V 

70 

80 


70 

80 


70 

80 


dB 


Motel: The maximum junction temperature of the LM110 is 150°C, of the LM210 is 100°C, and of the LM310 is 85°C. For operating at 
elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 1 50° C/W, junction to ambient, or 45°C/W, 
junction to case. The thermal resistance of the dual-in-line package is 100° C/W, junction to ambient. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: Continuous short circuit for the LM1 10 and LM210 is allowed for case temperatures to 125°C and ambient temperatures to 70° C, and for 
the LM310, 70°C case temperature or 55°C ambient temperature. It is necessary to insert a resistor greater than 2kft in series with the input when 
the amplifier is driven from low impedance sources to prevent damage when the output is shorted. 

Note 4: These specifications apply for ±5V < V S < ±18V and -55°C < T A < 125° C for the LM1 10, -25°C < T A < 85°C for the LM210, and 
0°C < T A < 70°C for the LM310 unless otherwise specified. 

Note 5: Increased output swing under load can be obtained by connecting an external resistor between the booster and V~ terminals. See curve. 
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Typical Applications 












OUTPUT SWING (iV) OUTPUT RESISTANCE (£2) VOLTAGE GAIN (V/V) INPUT CURRENT (nA) 



LM110/LM210/LM310 



LM1 10/LM210/LM310 


Connection Diagrams 


Metal Can Package 
BALANCE 



Order Number LM110H, LM210H 
or LM310H 
See NS Package H08C 


Dual-In-Line Package 



TOP VIEW 


Order Number LM110J, LM210J 
or LM310J 
See NS Package J14A 


Dual-1 n-Line Package 



8 BALANCE 

7 V* 

6 OUTPUT 

5 BOOSTER 


Order Number LM310N 
See NS Package N08B 

Order Number LM310J-8 
See NS Package J08A 
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National 

jut Semiconductor 


Operational Amplifiers/Buffers 
LM112/LM212/LM312 Operational Amplifiers 


General Description 

The LM112 series are micropower operational 
amplifiers with very low offset-voltage and input- 
current errors— at least a factor of ten better 
than FET amplifiers over a ~55°C to +125°C 
temperature range. Similar to the LM108 series, 
that also use supergain transistors, they differ in 
that they include internal frequency compensation 
and have provisions for offset adjustment with a 
single potentiometer. 

These amplifiers will operate on supply voltages of 
±2 V to ±20V, drawing a quiescent current of only 
300 id A. Performance is not appreciably affected 
over this range of voltages, so operation from 
unregulated power sources is easily accomplished. 
They can'also be run from a single supply like the 
5V used for digital circuits. Some noteworthy 
features are: 

■ Maximum input bias current of 3 nA over 
temperature 


■ Offset current less than 400 pA over temper- 
ature 

■ Low noise 

■ Guaranteed drift specifications 

The LM112 series are the first 1C amplifiers to 
improve reliability by including overvoltage pro- 
tection for the MOS compensation capacitor. 
Without this feature, IC's have been known to 
suffer catastrophic failure caused by short- 
duration overvoltage spikes on the supplies. Unlike 
other internally-compensated 1C amplifiers, it is 
possible to overcompensate with an external 
capacitor to increase stability margin. 

The LM212 is identical to the LM1 12, except that 
the LM212 has its performance guaranteed over a 
-25°C to 85° C temperature range instead of 
-55°C to 125°C. The LM312 is guaranteed over a 
0°C to 70°C temperature range. 


Schematic Diagram * * 

BALANCE COMPENSATION* 


Auxiliary Circuits** 



Connection Diagram 


Metal Can Package 



Order Number LM112H, LM212H, 
or LM312H 
See NS Package H08C 
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LM112/LM212/LM312 


Absolute Maximum Ratings 



LM112/LM212 

LM312 

Supply Voltage 

±20V 

±18V 

Power Dissipation (Note 1) 

500 mW 

500 mW 

Differential Input Current (Note 2) 

±10 mA 

±10 mA 

Input Voltage (Note 3) 

±15V 

±15V 

Output Short-Circuit Duration 

Indefinite 

Indefinite 

Operating Temperature Range 


0°C to +70°C 

LM112 

-55°C to +125°C 


LM212 

-25° C to +85° C 


Storage Temperature Range 

-65°C to +150°C 

-65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 

300°C 

300° C 


Electrical Characteristics (Note 4) 


PARAMETER 

CONDITIONS 

LM1 12/LM212 

* LM312 


MIN 

TYP MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

Ta = 25°C 


0.7 2.0 


2.0 

7.5 

mV 

Input Offset Current 

T A = 25° C 


0.05 0.2 


0.2 

1 

nA 

Input Bias Current 

T A = 25°C 


0.8 2.0 


1.5 

7 

nA 

Input Resistance 

T A = 25° C 

30 

70 

10 

40 


M12 

Supply Current 

T A = 25°C 


0.3 0.6 


0.3 

0.8 ' 

mA 

Large Signal Voltage Gain 

Ta = 25°C, Vs = ±15V 

VOUT = ± 10V, R L > 10 ktl 

50 

300 

25 

300 


V/mV 

Input Offset Voltage 



3.0 



10 

mV 

Average Temperature 
Coefficient of Input 

Offset Voltage 



3.0 15 


6.0 

30 

iuV/°C 

Input Offset Current 



0.4 



. 1.5 

nA 

Average Temperature 
Coefficient of Input 

Offset Current 



0.5 2.5 


2.0 

10 

pA/°C 

Input Bias Current 



3.0 



10 

nA 

Supply Current 

Ta= 125°C 


0.15 0.4 




mA 

Large Signal Voltage Gain 

Vs = ±15V, VoUT = ± 10V 
R L > lOkH 

25 


15 



V/mV 

Output Voltage Swing 

Vs = ±15V, R L = 10k£2 

±13 

±14 

±13 

±14 


V 

Input Voltage Range 

V S = ±15V 

±13.5 


±14 



* V 

, Common-Mode Rejection 


85 

100 

80 

100 


dB 

Ratio 








Supply Voltage 

Rejection Ratio 


80 

96 

80 

96 


dB 


Note 1: The maximum junction temperature of the LM112is 150°C, LM212 is 100°C and LM312 is 85°C. For operating at elevated temperatures, 
devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. The 
thermal resistance of the dual-in-line package is 100° C/W, junction to ambient. 

Note 2: The inputs are shunted with shunt diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage 
in excess of IV is applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5V < V s < ±20V and -55°C < T A < +125°C (LM1 12), -25°C < T A < +85°C (LM21 2) , +5V < V s < 
±15V and 0°C < T/\ < +70° C (LM312) unless otherwise noted. 
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VOLTAGE GAIN (dB) VOLTAGE GAIN (dB) INPUT NOISE (nV//Hz) INPUT CURRENT (nA) 


Typical Performance Characteristics LM112/LM212 

Input Currents Offset Error 



0.1 1 10 100 IK 10K 100K 1M 

FREQUENCY (Hz) 


IK 10K 

FREQUENCY (Hz) 


0 50 100 ISO 200 250300 350 400 
TIME (fii) 
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National Operational Amplifiers/Buffers 

Semiconductor 


LM118/LM218/LM318 Operational Amplifiers 


General Description 

The LM118 series are precision high speed opera- 
tional amplifiers designed for applications requiring 
wide bandwidth and high slew rate. They feature 
a factor of ten increase in speed over general pur- 
pose devices without sacrificing DC performance. 

Features 

■ 15 MHz small signal bandwidth 

■ Guaranteed 50 V /ps slew rate 

■ Maximum bias current of 250 nA 

■ Operates from supplies of ±5V to ±20V 

■ Internal frequency compensation 

■ Input and output overload protected 

■ Pin compatible with general purpose op amps 


compensated amplifiers, external frequency com 
pensation may be added for optimum performance 
For inverting applications, feedforward compen 
sation will boost the slew rate to over 150V/ps 
and almost double the bandwidth. Overcompensa- 
tion can be used with the amplifier for greater 
stability when maximum bandwidth is not needed. 
Further, a single capacitor can be added to reduce 
the 0.1% settling time to under 1 pis. 

The high speed and fast settling time of these op 
amps make them useful in A/D converters, oscil- 
lators, active filters, sample and hold circuits, or 
general purpose amplifiers. These devices are easy 
to apply and offer an order of magnitude better 
AC performance than industry standards such as 
the LM709. 


The LM 118 series has internal unity gain frequency 
compensation. This considerably simplifies its appli- 
cation since no external components are necessary 
for operation. However, unlike most internally 


The LM218 is identical to the LM1 18 except that 
the LM218 has its performance specified over a 
~25°C to+85°C temperature range. The LM318 is 
specified from 0°C to +70°C. 


Schematic and Connection Diagrams 



Dual-ln-Line Package 


XT 




COMPENSATION- 2 


.TOP VIEW 


Order Number LM118J, LM218J 
or LM318J 
See NS Package J14A 


Dual-ln-Line Package 



*Pin connections shown on schematic diagram 

and typical applications are for TO-5 package. Order Number LM118J-8, 

LM218J-8 or LM318J-8 

Order Number LM118H, LM218H See; NS Package J08A 

or LM318H Order Number LM318N 

See NS Package H08C See NS Package N08B 
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LM1 18/LM218/LM318 


Absolute Maximum Ratings 

Supply Voltage ±20V 

Power Dissipation (Note 1) ^ 500 mW 

Differential Input Current (Note 2) ±10 mA 

Input Voltage (Note 3) ±15V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range 

LM118 -55°C to +125°C 

LM218 -25° C to +85° C 

LM318 0°C to +70° C 

Storage Temperature Range ~65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics (Note 4» 


PARAMETER 

CONDITIONS 

LM1 18/LM218 

LM318 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Offset Voltage 

Ta = 25°C 


2 

4 


4 

10 

mV 

Input Offset Current 

Ta = 25°C 


6 

50 


30 

200 

nA 

Input Bias Current 

Ta = 25°C 


120 

250 


150 

500 

nA 

Input Resistance 

Ta = 25°C 

1 

3 


0.5 

3 


M£2 

Supply Current 

T A = 25°C 


5 

8 


5 

10 

mA 

Large Signal Voltage Gain 

T A = 25°C, Vs = ±15V 

VOUT = ±10V, Rj_>2 k£2 

50 

200 


25 

200 


V/mV 

Slew Rate 

Ta = 25°C, V$ = ±15V, A v = 1 

50 

70 


50 

70 


V//is 

Small Signal Bandwidth 

T A = 25°C, Vs = ±15V 


15 



15 


MHz ' 

Input Offset Voltage 




6 



15 

mV 

Input Offset Current 




100 



300 

nA 

Input Bias Current 




500 



750 

nA 

Supply Current 

T A = 125°C 


4.5 

7 





Large Signal Voltage Gain 

Vs = ±15V, VquT - ±10V 

RL>2 

25 



20 



V/mV 

Output Voltage Swing 

V$ = ±15V, R L = 2kH 

±12 

±13 


±12 

±13 


V 

Input Voltage Range 

Vs = ±15V 

±11.5 



±11.5 



V 

Common-Mode Rejection Ratio 


80 

100 


70 

100 


dB 

Supply Voltage Rejection Ratio 


70 

80 


65 

80 


dB 


Note 1: The maximum junction temperature of the LM118 is 150°C, the LM218 is 110°C, and the LM318 is 110°C. For operating at elevated 
temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 1 50° C/W, junction to ambient, or 45° C/W, junction 
to case. The thermal resistance of the dual-in-line package is 100° C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input 
voltage in excess of IV is applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5V < V s < ±20V and — 55°C < T A < +1 25°C,(LM118),-25°C < Ta < +85° C (LM218),and 0°C < Ta 
< +70° C (LM318). Also, power supplies must be bypassed with 0.1/uF disc capacitors. 
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Typical Performance Characteristics lmiis, lm 2 is 


Input Current 



TEMPERATURE ( C) 



5 10 15 20 

SUPPLY VOLTAGE ( V) 


Power Supply Rejection 



100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 



Closed Loop Output 
Impedance 



10 -3 I I 1111 

10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Current Limiting 



0 5 10 15 20 25 

OUTPUT CURRENT (mA) 


Input Current 



-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 Q.6 0.8 

OIFFERENTIAL INPUT (V) 



-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE ( C) 


Voltage Follower Slew Rate 



1 I 1 1 

POSITIVE SLEW _J 
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TEMPERATURE (°C) 


Inverter Settling Time 



TIME (m) 



3-167 


LM118/LM218/LM318 



LM118/LM218/LM318 







LM118/LM218/LM318 








Auxiliary Circuits 




Feedforward Compensation for Greater 
Inverting Slew Rate* 


Compensation for Minimum 
Settling* Time 



Offset Balancing 



Typical Applications 



Fast Voltage Follower * 


Fast Summing Amplifier 


Differential Amplifier 
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LM124/LM224/LM324, LM124A/ 
LM224A/LM324A, LM2902 




National 

Semiconductor 


Operational Amplifiers/Buffers 


LM124/LM224/LM324, LM124A/LM224A/LM324A, LM2902 
Low Power Quad Operational Amplifiers 


General Description 

The LM124 series consists of four independent, high 
gain, internally frequency compensated operational am- 
plifiers which were designed specifically to operate from 
a single power supply over a wide range of voltages. 
Operation from split power supplies is also possible and 
the low power supply current drain is independent of the 
magnitude of the power supply voltage. 

Application areas include transducer amplifiers, dc gain 
blocks and all the conventional op amp circuits which 
now can be more easily implemented in single power 
supply systems. For example, the LM124 series can be 
directly operated off of the standard +5 V DC power 
supply voltage which is used in digital systems and will 
easily provide the required interface electronics without 
requiring the additional ±15 V DC power supplies. 


Unique Characteristics 

■ In the linear mode the input common-mode voltage 
range includes ground and the output voltage can also 
swing to ground, even though operated from only a 
single power supply voltage. 

■ The unity gain cross frequency is temperature 
compensated. 

■ The input bias current is also temperature 
compensated. 


Advantages 

■ Eliminates need for dual supplies 

■ Four internally compensated op amps in a single 
package 

■ Allows directly sensing near GND and V OUT also 
goes to GND 

■ Compatible with all forms of logic 

■ Power drain suitable for battery operation 

Features 

■ Internally frequency compensated for unity gain 

■ Large dc voltage gain 100 dB 

■ Wide bandwidth (unity gain) 1 MHz 

(temperature compensated) 

■ Wide power supply range: 

Single supply 3V DC to30V DC 

or dual supplies ±1.5 V DC to ±15 V DC 

■ Very low supply current drain (800/iA) — essentially 
independent of supply voltage (1 mW/op amp at 
+5 V DC ) 

■ Low input biasing current 45 nA DC 

(temperature compensated) 

■ Low input offset voltage 2 mV DC 

and offset current 5 nA DC 

■ Input common-mode voltage range includes ground 
• ■ Differential input voltage range equal to the power 

supply voltage 

■ Large output voltage 0 V DC to V + - 1.5 V D c 

swing 


Connection Diagram 


Schematic Diagram (Each Amplifier) 


Dual-1 n-Line Package 



Order Number LM124J, LM124AJ, 
LM224J, LM224AJ, LM324J, 
LM324AJ or LM2902J 
See NS Package J14A 

Order Number LM324N, LM324AN 
or LM2902N 
See NS Package N14A 


INPUTS' 


V + 
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Absolute Maximum Ratings 


LM 1 24/ LM224/ LM324 
LM124A/LM224A/LM324A 


LM2902 


LM124/LM224/LM324 

LM124A/LM224A/LM324A 


Supply Voltage, V + 

32 V DC or ±16 V DC 

26 v DC or ±13 v dc 

Input Current (V|N <-0.3 Vdc) (Note 3) 

Differential Input Voltage 

32 V DC 

26 Vdc 

Operating Temperature Range 

Input Voltage 

~0.3 Vqq to +26 Vdc 

- 0.3 Vdc to +26 Vdc 

LM324/LM324A 

Power Dissipation (Note 1) 



LM224/LM224A 

Molded DIP 

570 mW 

570 mW 

LM124/LM124A 

Cavity DIP 

900 mW 


Storage Temperature Range 

Flat Pack 

800 mW 


Lead Temperature (Soldering, 10 seconds) 

Output Short-Circuit to GND (One Amplifier) (Note 2) 

Continuous * 

Continuous. 


V + < 15 Vdc and Ta = 25°C 





50 mA 


0°C to +70°C 
-25°C to +85°C 
-55°C to +125°C 
-65°C to +150°C 
300°C 


50 mA 
-40° C to +85°C 


~65°C to +150°C 
300°C 


Electrical Characteristics <v + = +5.0 v DC , Note 4» 


PARAMETER 

CONDITIONS 

MIN 

LM124A 

TYP MAX 

MIN 

LM224A 

TYP MAX . 

MIN 

LM324A 

TYP MAX 

LM124/LM224 

MIN TYP MAX 

MIN 

LM324 

TYP 

MAX 

MIN 

LM2902 

TYP MAX 

UNITS 

Input Offset Voltage 

Ta = 25°C, (Note 5) 

| 12 


1 

3 

■1 

2 

3 


±2 

±5 


±2 

±7 

±2 ±7 


Input Bias Current 

(Note 6) 

l|N(+) or I|N(-),Ta = 25°C 


20 

50 

■ 


80 

■ 

45 

100 


45 

150 


45 

250 

45 250 


Input Offset Current 

I|N(+)-<IN(-).Ta = 25°C 


2 

10 


2 

15 


5 

30 


±3 

±30 


±5 

±50 

±5 ±50 

nAoc 

Input Common-Mode 
Voltage Range (Note 7) 

V + = 30V D C-Ta = 25°C 

0 


V + -1 .5 


■ 

V + -1.5 

0 


V + -1.5 

0 


V + -1 ,5 


■ 


0 

V + -1 .5 

Vdc 

Supply Current 

RL = °°, V C C = 30V, (LM2902 V C C = 26V) 


1.5 

3 



3 

■ 



■ 





■ 

■ 


mAoc 


R L = 00 On All Op Amps 

Over Full Temperature Range 


0.7 

1.2 



1.2 

■ 



■ 



1 


B 

■ 


mAoC 

Large Signal Voltage 

V + = 15 Vdc ( For Large Vo Swing) 

50 

100 





25 

100 


50 

100 


25 

100 



100 

V/mV 

Gain 

RL>2 kft, Ta = 25°C 





■I 














Output Voltage Swing 

RL = 2 kft, Ta = 25°C (LM2902 Rl > 10 k£2) 

0 


V + — 1 .5 

EM 


V + — 1 .5 

0 


V + -1.5 

0 


V + -1 .5 

0 


V + -1 .5 

0 

V + — 1.5 

vdc 

Common-Mode 

Rejection Ratio 

DC, Ta = 25°C 

70 

85 


70 

85 


65 

85 


70 

85 


65 

70 


50 

70 

dB 

Power Supply 

Rejection Ratio 

DC, T A * 25°C 

65 

100 


65 

100 


65 



65 

100 




■ 

50 

100 

dB 

Amplifier-to-Amplifier 

f = 1 kHz to 20 kHz, Ta = 25°C 


-120 






-120 



-120 



-120 



-120 

dB 

Coupling (Note 8) 

(Input Referred) 



















Output Current 




















Source 

V|N + =1 V D C.V| N - = 0V D O 

V + = 15 v D c. T A = 25°C 

20 

40 


20 

40 


20 

40 


20 

40 


20 

40 


20 

40 

mAoc 

Sink 

Vin“ = i Vdc. V| N + = ov dc . 

10 

20 


B3 

20 


■3 

20 


10 

20 


10 

20 


10 

20 

mAoc 


V + = 15 V D C< T A = 25°C 

V|N~= 1 V D C.V|N + = 0 V DC . 

T A = 25°C, V 0 = 200 mV D C 

12 

50 


12 

50 


12 

50 


12 

50. 


12 

50 




mAdc 

Short Circuit to Ground 

Ta = 25°C, (Note 2) 


40 

60 


40 

60 


40 

60 


40 

60 


40 

60 

| 40 60 

mAoc 



3063IAI~I 'wzmnwzzm 

iwzmi ‘vzmiivzzmivzmi 











3-174 


LM124/LM224/LM324, LM124A/ 
LM224A/LM324A, LM2902 


Electrical Characteristics {Continued) 


PARAMETER 

CONDITIONS 

LM124A 

MIN TYP MAX 

LM224A 

MIN TYP MAX 

LM324A 

MIN TYP MAX 

LM124/LM224 

MIN TYP MAX 

LM324 

MIN TYP MAX 

LM2902 

MIN TYP MAX 

UNITS 

Input Offset Voltage 

(Note 5) 

4 

4 

5 

±7 

±9 

±10 

mV DC 

Input Offset Voltage 
Drift 

R$ = Ofi 

7 20 

7 20 

7 30 

7 

7 

7 

pV/°C 

Input Offset Current 

l|N(+)“l|N(-) 

30 

30 

75 

±100 

±150 

45 ±200 

nApe 

Input Offset Current 

Drift 


10 200 

10 200 

10 300 

10 

10 

10 

pAdc/°c 

Input Bias Current 

1|N(+) llNH 

40 100 

40 100 

40 200 

40 300 

40 500 

40 500 

nAQC 

Input Common-Mode 
Voltage Range (Note 7) 

V + = 30 V 0 C 

0 V + -2 

0 V + -2 

0 V + — 2 

0 V + — 2 

0 V + -2 

0 V + -2 

VDC 

Large Signal Voltage 

Gain 

V + = +15 Vqc (For Large Vo Swing) 

RL>2ktt 

25 

25 

15 „ 

25 

15 

15 

V/mV 

Output Voltage Swing 

VOH 

VOL 

V + = +30 V 0 C. Rl ~ 2 kfi 

R L > 10 kfi 

V + = 5V D C.RL<10kn 

26 

27 28 

5 20 

26 

27 28 

5 20 

26 

27 28 

5 20 

26 

27 28 

5 20 

26 

27 28 

5 20 

22 

23 24 

5 100 

VDC 

VDC 

mVQC 

Output Current 

Source 

Sink 

V|N + = +1 V DC. VlN~ ~ 0 V DC. v+ = 15 VQC 
V, N " = +1 VqC. v IN + * 0 VqC. V + = 15 VqC 

10 20 

10 15 

10 20 

5 8 

10 20 

5 8 

10 20 

5 8 

10 20 

5 8 


mApc 

mApC 

Differential Input 

Voltage 

(Note 7) 

32 

32 

32 

32 

32 

HHH 

VDC 


Note 1: For operating at high temperatures, the LM324/LM324A,LM2902 must be derated based on a +125°C maximum junction temperature and a thermal resistance of 175°C/W which applies for the device 
soldered in a printed circuit board, operating in a still air ambient. The LM224/LM224A and LM124/LM124A can be derated based on a +150°C maximum junction temperature. The dissipation is the totaJ of ail 
four amplifiers— use external resistors, where possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit. 

Note 2: Short circuits from the output to V + can cause excessive heating and eventual destruction. The maximum output current is approximately 40 mA independent of the magnitude of V + . At values of supply 
voltage in excess of +1 5 Vpc* continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers. 

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby 
acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the op amps to go to theV + 
voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, 
again returns to a value greater than —0.3 Vqq (at 25° C). «. 

Note 4: These specificationsapply for V + = +5 Vpp and -55° C < Ta < +125°C, unless otherwise stated. With the LM224/LM224A, all temperature specifications are limited to — 25°C < T/\ < +85°C, the LM324/ 
LM324A temperature specifications are limited to 0°C < Ta < +70 iJ, and the LM2902 specifications are limited to -40°C < T^ < +85° C. 

Note 5: Vq a 1 .4 Vpc, R§ * 0 ft with V + from 5 Vqq to 30 Vpg; and over the full input common-mode range (0 Vqq to V + - 1 .5 Vpc)- 

Note 6: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the input lines. 
Note. 7: The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3V (at 25°C). The upper end of the common-mode voltage range is V + —1.5V, but 
either or both inputs can go to +32 V DC without damage (+26 V DC for LM2902). 

Note 8: Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be detected as this type of capacitive increases at 
higher frequencies. 












Typical Performance Characteristics 



0 5 10 15 

V + OR V - POWER SUPPLY VOLTAGE (iV DC ) 
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70 
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20 
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T A - TEMPERATURE (“C) 


Input Current 
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V + = +30 V oc 
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Supply Current 




0 10 20 30 40 

V + - SUPPLY VOLTAGE (V DC ) 


Open Loop Frequency 
Response 



1.0 10 100 1.0k 10k 100k 1.0M 10M 


f- FREQUENCY (Hz) 


Common Mode Rejection 
Ratio 



Voltage Follower Pulse 
Response 


Voltage Follower Pulse 
Response (Small Signal) 


o < 

, f- 

o O 
> > 




Large Signal Frequency 
Response 



Ik 10k 100k 1M 

f- FREQUENCY (Hz) 



l 0 + - OUTPUT SOURCE CURRENT (mA oc ) 


lo' - OUTPUT SINK CURRENT (mA oc ) 


Current Limiting 



0 1 1 1 1 1 1 1 1 1 1 

-55 -35 -15 5 25 45 65 85 105 125 

T a - TEMPERATURE (°C) 
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LM124/LM224/LM324, LM124A/ 
LM224A/LM324A, LM2902 







LM124/LM224/LM324, LM124A/ 
LM224A/LM324A, LM2902 



Typical Performance Characteristics (LM2902 only) 



0 10 20 30 

V + - SUPPLY VOLTAGE fV DC ) 


Application Hints 

The LM124 series are op amps which operate with only 
a single power supply voltage, have true-differential 
inputs, and remain in the linear mode with an input 
common-mode voltage of 0 V DC . These amplifiers 
operate over a wide range of power supply voltage with 
little change in performance characteristics. At 25°C 
amplifier operation is possible down to a minimum 
supply voltage of 2.3 V DC . 

The pinouts of the package have been designed to 
simplify PC board layouts. Inverting inputs are adjacent 
to outputs for all of the amplifiers and the outputs have 
also been placed at the corners of the package (pins 1, 
7, 8, and 14). 

Precautions should be taken to insure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 
backwards in a test socket as an unlimited current surge 
through the resulting forward diode within the 1C could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

Large differential input voltages can be easily accom- 
modated and, as input differential voltage protection 
diodes are not needed, no large input currents result 
from large differential input voltages. The' differential 
input voltage may be larger than V + without damaging 
the device. Protection should be provided to prevent the 
input voltages from going negative more than -0.3 V DC 
(at 25°C). An input clamp diode with a resistor to the 
1C input terminal can be used. 

To reduce the power supply current drain, the amplifiers 
have a class A output stage for small signal levels which 
converts to class B in a large signal mode. This allows the 
amplifiers to both source and sink large output currents. 
Therefore both NPN and PNP external current boost 
transistors can be used to extend the power capability of 
the basic amplifiers. The output voltage needs to raise 
approximately 1 diode drop above ground to bias the 
on-chip vertical PNP transistor for output current sinking 
applications. 

For ac applications, where the load is capacitively 
coupled to the output of the amplifier, a resistor should 



0 10 20 30 


V + - SUPPLY VOLTAGE (V DC ) 


be used, from the output of the amplifier to ground to 
increase the class A bias current and prevent crossover 
distortion. Where the load is directly coupled, as in dc 
applications, there is no crossover distortion. 

Capacitive loads which are applied directly to the output 
of the amplifier reduce the loop stability margin. Values 
of 50 pF can be accommodated using the worst-case non- 
inverting unity gain connection. Large closed loop gains 
or resistive isolation should be used if larger load 
capacitance must be driven by the amplifier. 

The bias network of the LM124 establishes a drain 
current which is independent of the magnitude of the 
power supply voltage over the range of from 3 V DC to 
30 V DC . 

Output short circuits either to ground or to the positive 
power supply should be of short time duration. Units 
can be destroyed, not as a result of the short circuit 
current causing metal fusing, but rather due to the large 
increase in 1C chip dissipation which will cause eventual 
failure due to excessive junction temperatures. Putting 
direct short-cjrcuits on more than one amplifier at a time 
will increase the total 1C power dissipation to destructive 
levels, if not properly protected with external dissipation 
limiting resistors in series with the output leads of the 
amplifiers. The larger value of output source current 
which is available at 25°C provides a larger output cur- 
rent capability at elevated temperatures (see typical 
performance characteristics) than a standard 1C op amp. 

The circuits presented in the section on typical applica- 
tions emphasize operation on only a single power supply 
voltage. If complementary power supplies are available, 
all of the standard op amp circuits can be used. In 
general, introducing a pseudo-ground (a bias voltage 
reference of V + /2) will allow operation above and below 
this value in single power supply systems. Many applica- 
tion circuits are shown which take advantage of the wide 
input common-mode voltage range which includes 
ground. In most cases, input biasing is not required and 
input voltages which range to ground can easily be 
accommodated. 
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Typical Single-Supply Applications <v + = 5.ov c 


Non-Inverting DC Gain (OV Input = OV Output) 


DC Summing Amplifier 
{Vim's > 0 V DC AND Vq > 0 V DC ) 


*R not needed due to temperature 
independent l| N 




Where: V 0 = V, + V 2 - V 3 V, 

(V, + V 2 ) > (V 3 ♦ V«) to keep V 0 > 0 V oc 


Power Amplifier 


"BI-QUAD" RC Active Bandpass Filter 


V o = 0V Dc forV 1N =0V D( 
A v = 10 




Fixed Current Sources 


Current Monitor 



h l 1 1 

t i i 



30 mA fl>20] 600 mA 



(Increase R1 for l L small) 
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LM124/LM224/LM324, LM124A/ 
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LM124/LM224/LM324, LM124A/ 
LM224A/LM324A, LM2902 


Typical Single-Supply Applications (continued) iv + =5.ov dc i 


Driving TTL 


Voltage Follower 



Pulse Generator 



Squarewave Oscillator 


Pulse Generator 


High Compliance Current Sink 



Low Drift Peak Detector 


Comparator with Hysteresis 
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LM124/LM224/LM324, LM124A/ 
LM224A/LM324A, LM2902 


Typical Single-Supply Applications (Continued) (V + = 5.0 V DC ) 


High Input 2 Adjustable-Gain Using Symmetrical Amplifiers to 

DC Instrumentation Amplifier Reduce Input Current (General Concept) 



If R1 = R5 & R3 = R4 = R6 = R7 (CMRR depends on match) 
V 0 =1+^(V 2 V,) 

' As shown V o = 101(V 2 V,) 



Bridge Current Amplifier 



Bandpass Active Filter 


ci 

O.OIjjF 
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National 

Semiconductor 


Operational Amplifiers/ Buffers 


LM143/LM343 High Voltage Operational Amplifier 


General Description 


Features 


The LM143 is a general purpose high voltage operational 
amplifier featuring operation to ±40V, complete input 
overvoltage protection up to ±40V and input currents 
comparable to those of other super-j3 op amps. Increased 
slew rate, together with higher common-mode and sup- 
ply rejection, insure improved performance at high sup- 
ply voltages. Operating characteristics, in particular 
supply current, slew rate and gain, are virtually inde- 
pendent of supply voltage and temperature. Furthermore, 
gain is unaffected by output loading at high supply vol- 
tages due to thermal symmetry on the die. The LM143 
is pin compatible with general purpose op amps and has 
offset null capability. 

Application areas include those of general purpose op 
amps, but can be extended to higher voltages and higher 
output power when externally boosted. For example, 
when used in audio power applications, the LM143 pro- 
vides a power bandwidth that covers the entire audio 
spectrum. In addition, the LM143 can be reliably 
operated in environments with large overvoltage spikes 
on the power supplies, where other internally-compen- 
sated op amps would suffer catastrophic failure. 


■ Wide supply voltage range 

■ Large output voltage swing 

■ Wide input common-mode range 

■ Input overvoltage protection 


±4.0V to ±40V 
±37V 
±38V 
Full ±40V 


■ Supply current is virtually independent of supply 
voltage and temperature 


Unique Characteristics 


Low input bias current 

8.0 nA 

Low input offset current 

1.0 nA 

High slew rate— essentially independent 
of temperature and supply voltage 

2.5V/jUs 

High voltage gain— virtually independent 
of resistive loading, temperature, and 
supply voltage 

100k min 

Internally compensated for unity gain 



The LM343 is’similar to the LM143 for applications in 
less severe supply voltage and temperature environments. 


■ Output short circuit protection 

■ Pin compatible with general purpose op amps 


Connection Diagram 


Metal Can Package 



TOP VIEW 


Order Number LM143H 
or LM343H 
See NS Package H08C 
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LM143/LM343 




LM143/LM343 


Absolute Maximum Ratings (Note 1) 


LM143 


LM343 


Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Voltage (Note 2) 

Input Voltage (Note 2) 

Operating Temperature Range 

Storage Temperature Range 

Output Short Circuit Duration 

Lead Temperature (Soldering, 10 seconds) 


±40V 
680 mW 
80V 
±40V 

~55°C to +125°C 
-€5°Cto+150°C 
5 seconds 
300°C 


±34V 
680 mW 
68V 
±34V 

0°C to +70°C 
-65°Cto +1 50° C 
5 seconds 
300°C 


Electrical Characteristics (Note 3) 


PARAMETER 

CONDITIONS 

; LM143 | 

LM343 | 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

T a = 25°C 


2.0 

5.0 


2.0 

8.0 

mV 

Input Offset Current 

T a = 25°C 


1.0 

3.0 


1.0 

10 

nA 

Input Bias Current 

T a = 25°C 


8.0 

20 


8.0 

40 

nA 

Supply Voltage 

T a = 25°C 


10 

100 


10 

200 

AtV/V 

Rejection Ratio 









Output Voltage Swing 

T a = 25°C, R u >5kft 

22 

25 


20 

25 


V 

Large Signal Voltage 

T a = 25°C, V OUT = ±10V, 

100k 

180k 



180k 


V/V 

Gain 

R l > 100 kO 

! , 







Common-Mode 

T a =25°C . 

80 

90 


70 

90 


dB 

Rejection Ratio 









Input Voltage Range 

T a = 25°C 

24 

26 


22 

26 


V 

Supply Current (Note 4) 

T a = 25°C 


2.0 

4.0 


2.0 

5.0 

mA 

Short Circuit Current 

T a = 25°C 


20 



20 


mA 

Slew Rate 

T a = 25°C, A v = 1 


2.5 



2.5 


V//is 

Power Bandwidth 

T A = 25°C, Vqut = 40 Vp.p, 


20 k 



20k 


Hz 


R l = 5 k£2, THD < 1% 








Unity Gain Frequency 

T a = 25° C 


1.0M 



1.0M 


Hz 

Input Offset Voltage 

T a = Max 



6.0 



10 

mV 


T a = Min 



6.0 



10 

mV 

Input Offset Current 

T a = Max 


0.8 

4.5 


0.8 

14 

nA 


T a = Min 


1.8 

7.0 


1.8 

14 

nA 

Input Bias Current 

T a = Max 


5.0 

35 


5.0 

55 

nA 


T a = Min 


16 

35 


16 

55 

nA 

Large Signal Voltage 

R l > 100 kfi, T A = Max 

50k 

150k 


50k 

150k 


V/V 

Gain 

R l > 100 kn, T a = Min 

50 k 

220k 


50k 

220k 


V/V 

Output Voltage Swing 

R l > 5.0 kfl, T a = Max 

22 

26 


20 

26 


V 


R l >5.0 kft, T a = Min 

22 

25 


20 

25 


V 


Note 1: Absolute maximum ratings are not necessarily concurrent, and care must be taken not to exceed the maximum junction temperature of 
the LM143 (150°C) or the LM343 (100°C). For operating at elevated temperatures, devices in the TO-5 package must be derated based on a 
thermal resistance of 150° C/W, junction to ambient, or 45°C/W, junction to case. 

Note 2: For supply voltage less than ±40V for the LM143 and less than ±34V for the LM343, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 3: These specifications apply for V§ = ±28V. For LM143, Ta = max = 125°C and T/\ = min = — 55° C. For LM343, Ta = max = 70°C and 
Ta = min = 0°C. 
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SUPPLY CURRENT (mA) INPUT VOLTAGE RANGE (tV) 



LM143/LM343 








LM143/LM343 










Application Hints (SeeAN-127) 

The LM143 is designed for trouble free operation at any 
supply voltage up to and including the guaranteed maxi- 
mum of ±40V. Input overvoltage protection, both 
common-mode and differential, is 100% tested and 
guaranteed at the maximum supply voltage. Further- 
more, all possible high voltage destructive modes during 
supply voltage turn-on have been eliminated by design. 
As with most 1C op amps, however, certain precautions 
should be observed to insure that the LM143 remains 
virtually blow-out proof. 

Although output short circuits to ground or either 
supply can be sustained indefinitely at lower supply 
voltages, these short circuits should be of limited dura- 
tion when operating at higher supply voltages. Units can 
be destroyed by any combination of high ambient 
temperature, high supply voltages, and high power 
dissipation which results in excessive die temperature. 
This is also true when driving low impedance or reactive 
loads or loads that can revert to low impedance; for 
example, the LM143 can drive most general purpose 
op amps outside of the maximum input voltage range, 
causing heavy current to flow and possibly destroying 
both devices. 

Precautions should be taken to insure that the power 
supplies never become reversed in polarity— even under 
transient conditions. With reverse voltage, the 1C will 
conduct excessive current, fusing the internal aluminum 
interconnects. Voltage reversal between the power sup- 
plies will almost always result in a destroyed unit. 


In high voltage applications which are sensitive to very 
low input currents, special precautions should be exer- 
cised. For example, with high source resistances, care 
should be taken to prevent the magnitude of the PC 
board leakage currents, although quite small, from 
approaching those of the op amp input currents. These 
leakage currents become larger at 125°C and are made 
worse by high supply voltages. To prevent this, PC 
boards should be properly cleaned and coated to prevent 
contamination and to provide protection from condensed 
water vapor when operating below 0°C. A guard ring is 
also recommended to significantly reduce leakage cur- 
rents from the op amp input pins to the adjacent high 
voltage pins in the standard op amp pin connection as 
shown in Figure 1. Figures 2, 3 and 4 show how the 
guard ring is connected for the three most common op 
amp configurations. 


Finally, caution should be exercised in high voltage 
applications as electrical shock hazards are present. Since 
the negative supply is connected to the case, users may 
inadvertantly contact voltages equal to those across the 
power supplies. 


The LM143 can be used as a plug-in replacement in most 
general purpose op amp applications. The circuits pre- 
sented in the following section emphasize those applica- 
tions which take advantage of the unique high voltage 
capabilities of the LM143. 



FIGURE 2. Guarded Voltage Follower 



FIGURE 1. Printed Circuit Layout for Input Guarding 
with TO-5 Package 


R1 R2 



FIGURE 3. Guarded Non-Inverting Amplifier 


R1 R2 



FIGURE 4. Guarded Inverting Amplifier 


eh 
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Typical Applications t (For more detail see AN-127) 






*R2 may be adjustable to trim the gain. 

**R7 may be adjusted to compensate for the resistance tolerance of R4 - R7 for best CMR 


130 Vp.p Drive Across a Floating Load 


±34V Common-Mode Instrumentation Amplifier 


tOUTPUT VOLTAGE 
ADJUSTMENT 


c X 


TPut on common heat sink. 

All resistors are 1/2 watt, 5%, except as noted. 


100k > l.OpF* 
1%< 100V 


R15 S 1N3938 
0.56 S 


-75V 

* UNREGULATED 


| CERAMIC 


Tracking ±65V, 1 Amp Power Supply with Short Circuit Protection 


’ O.lpF < 10k 
CER. S 


^The 38V supplies allow for a 5% voltage tolerance. All resistors are 1/2 watt, except as noted. 


86 
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LM144/LM344 



National 

Semiconductor 


Operational Amplifiers/ Buffers 


LM144/LM344 High Voltage, High Slew Rate Operational 
Amplifier 


General Description 

The LM144 is a general purpose high voltage, uncom- 
pensated operational amplifier featuring operation to 
±36V, complete input overvoltage protection up to the 
supply voltages and input currents comparable to those 
of other super-0 op amps. Increased slew rate, together 
with high common-mode and supply rejection, insure 
excellent performance at high supply voltages. Operating 
characteristics, in particular supply current, slew rate 
and gain, are virtually independent of supply voltage 
and temperature. Furthermore, due to thermal symmetry 
on the die, gain is unaffected by output loading at 
high supply voltages. 

With the unique advantages of low input current, high 
gain, and high slew rate, the LM144 can increase accu- 
racy and useful frequency range in many existing applica- 
tions. For example, the LM144 is a plug-in replacement 
for the LM101A, as well as other general purpose 
op amps. 

The LM144 can be compensated with a single capacitor, 
thus giving the user the ability to optimize ac parameters 
to suit the application. For example, in applications 
such as audio power amplifiers, the LM144 with a gain 
of 10 can provide a ±30V output swing, a slew rate of 
approximately 30V/jus, and a 120 kHz full power 


bandwidth. In applications where capacitive loads or 
cables must be driven, the LM144 can be overcompen- 
sated for increased stability. 

The LM344 is similar to the LM144 for applications in 
less, severe supply voltage and temperature environments. 

Features 

■ External compensation provides 
large power bandwidth (A v >10) 

■ Wide operating voltage range ±4 

■ Large output voltage swing 

■ Wide input common-mode range 

■ Input overvoltage protection 

■ Electrical characteristics independent 
voitage and temperature 

Unique Characteristics 


■ Low input bias current 8.0 nA 

■ Low input offset current 1 .0 nA 

■ High slew rate (A v >10) 30V/;us 

■ High voltage gain 100k min 


■ Offset voltage null capability 


120 kHz 
.0V to ±36V 
±30V 


of supply 


Typical Application 

Large Power Bandwidth, Current Boosted Audio Line Driver 
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Absolute Maximum Ratings (These ratings are not concurrent) 

LM144 LM344 

Supply Voltage 
Power Dissipation (Note 1) 

Differential Input Voltage (Note 2) 

Input Voltage (Note 2) 

Operating Temperature Range 
Storage Temperature Range 
Output Short Circuit Duration 
Lead Temperature (Soldering, 10 seconds) 


Electrical Characteristics (Note 3i 


/ 

. PARAMETER 

CONDITIONS 

LM144 

LM344 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

T a = 25° C 


2.0 

5.0 


2.0 

8.0 • 

mV 

Input Offset Current 

T a = 25°C 


1.0 

3.0 


1.0 

10 

nA 

Input Bias Current 

T a = 25°C 


8.0 

20 


8.0 

40 

nA 

Supply Voltage 

Ta = 25°C 


10 

100 


10 

200 

juV/V 

Rejection Ratio 









Output Voltage Swing 

T a = 25°C, R l >5kft 

22 

25 


20 

25 


V 

Large Signal Voltage Gain 

T a = 25°C, V OUT = ±10V, 

100k 

180k 


70k 

180k 


V/V 


R l > 100 kfi 








Common-Mode Rejection 

T a = 25° C 

80 

90 


70 

90 


dB 

Ratio 









Input Voltage Range 

T a = 25°C 

24 

26 


22 

26 


V 

Supply Current 

T a =25°C 


2.0 

4.0 


2.0 

5.0 

mA 

Short Circuit Current 

T a = 25°C 


20 



20 

1 

mA 

Slew Rate 

T a = 25°C, A v =' 1 


2.5 



.2.5 


V/jus 


T a = 25° C, A v = 10, Cl = 3 pF 


30 



30 


V/jus 

Power Bandwidth 

T a = 25° C, V OUT =40 Vp-p, 


20k 



20k 


Hz 


R l = 5kft, THD < 1%, A v = 1 








Unity Gain Frequency 

T a = 25°C 


1.0M 



1.0M 


Hz 

Input Offset Voltage 

T a = Max 



6.0 



10 

mV 


T A = Min 



6.0 



10 

mV 

Input Offset Current 

T A = Max 


0.8 

4.5 


0.8 

14 

nA 


T a = Min 


1.8 

7.0 


1.8 

14 

nA 

Input Bias Current 

T A = Max 


5.0 

35 


5.0 

55 

nA 


T A = Min 


16 

35 


16 

55 

nA 

Large Signal Voltage Gain 

R l > 100 k£2, T a = Max 

50k 

150k 


50k 

150k 


V/V 


R l > 100 kSl, T a = Min 

50k 

220k 


50k 

220k 


V/V 

Output Voltage Swing 

R l >5.0 kH, T a = Max 

22 

26 


20 

26 


V 


R L >5.0kft, T A = Min 

22 

25 


20 

25 


V 


Mote 1: The maximum junction temperature of the LM144 is 150°C, while that of the LM344 is 100°C. For operating at elevated temperatures, 
devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. 

Note 2: For supply voltage less than ±40V for the LM144 and less than ±34V for the LM344, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 3: These specifications apply for Vs = ±28V. For the LM144, T/\ = max = 125°C and T^ = min = -55°C. For the LM344, T/\ = max = 70°C 
and = min = 0°C. 


±40V 
680 mW 
80V 
+40V 

~55°C to +1 25°C 
-65°C to +1 50° C 
5 seconds 
300° C 


±34V 
680 mW 
68V 
±34V 

0°C to +70°C 
-65°C to +1 50° C 
5 seconds 
300° C 
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COMMON-MODE REJECTION (dB) UNITY GAIN BANDWIDTH (MHz) - SLEW RATE (V/n s) 


Typical Performance Characteristics (Continued) 


Voltage Follower Slew Rate 


Supply Current 


Short Circuit Current 



-55-35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 



-55-35-15 5 25 45 65 85 105 125 
TEMPERATURE CC) 



-55 -35 -15 5 25 45 65 85 105 125 

TEMPERATURE CC) 


Unity Gain Bandwidth 


Input Noise Voltage 


Input Noise Current 




— 

' 























— 

— 















1 

i 








Cl = 

—L-l 

27 pF 
1 


-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Common-Mode Rejection 





1 

T 

- 1 
= 25°C 

— 

"N 


V 

C 

= ±28V 
= 27 pF 
















i 

| 

\ 





□ 


s 


1.0 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Power Supply Rejection 




POSITIVE 

SUPPL 

Y 












N, 

I I 

NEGATIVE SUPPL 

y\ 



n 




s 


T 

C 

= 27pF 
1 



s 


1.0 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Large Signal Frequency 
Response 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Open Loop Frequency 
Response 



Voltage Follower Pulse 
Response 

20 — — — — — — — r~ 

16 

12 -INPUT 




Inverter Pulse Response 
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Application Hints (See aiso an - 127 ) 

The LM144 is designed for trouble-free operation at any 
supply voltage up to a maximum of ±40V. Input over- 
voltage protection, both common-mode and differen- 
tial, is 100% tested and guaranteed at the maximum 
^supply voltage. Furthermore, all possible high voltage 
destructive modes during supply voltage turn-on have 
been eliminated by design. As with most 1C op amps, 
however, certain precautions should be observed to 
insure that the LM144 remains virtually blow-out 
proof. 

Although output short circuits to ground or either 
supply can be sustained indefinitely for supply voltages, 
below ±18V, these short circuits should be of limited 
duration when operating at higher supply voltages. 
Units can be destroyed by any combination of high 
ambient temperature, high supply voltages, and high 
power dissipation which results in excessive die tempera- 
ture. This is also true When driving low impedance or 
reactive loads or loads that can revert to low impedance; 
for example, the LM144 can drive most general purpose 
op amps outside of their maximum input voltage range, 
causing heavy current to flow and possibly destroying 
both devices. 

Precautions should be taken to insure that the power 
supplies never become reversed in polarity— even under 
transient conditions. With reverse voltage, the 1C will 
conduct excessive current, fusing the internal aluminum 
interconnects. Voltage reversal between the power 
supplies will almost always result in a destroyed unit. 

In high voltage applications which are sensitive to very 
low input currents, special precautions should be exer- 


C0MPENSATI0N 



BOTTOM VIEW 


FIGURE 1. Printed Circuit Layout for Input Guarding 
with TO-5 Package 



FIGURE 3. Guarded Non-Inverting Amplifier 


cised. For example, with high source resistances, care 
should be taken to prevent the magnitude of the PC 
board leakage currents, although quite small, from 
approaching those of the op amp input currents. These 
leakage currents become larger at 125°C and are made 
worse by high supply voltages. To prevent this, PC 
boards should be properly cleaned and coated to prevent 
contamination and to provide protection from con- 
densed water vapor when operation below 0°C. A guard 
ring is also recommended to significantly reduce leakage 
currents from the op amp input pins to the adjacent high 
voltage pins in the standard op amp pin connection as 
shown in Figure 1. Figures 2, 3 and 4 show how the 
guard ring is connected for the three most common op 
amp configurations. 

The minimum values given for the frequency compensa- 
tion capacitor are stable only for source resistances less 
than 10 k£2, stray capacitances on the summing junction 
less than 5 pF and capacitive loads smaller than 100 pF. 
If any of these conditions are not met, it becomes 
necessary to overcompensate the amplifier with a 
larger compensation capacitor. Alternately, lead capaci- 
tors can be used in the feedback network to negate the 
effect of stray capacitance and large feedback resistors 
or an RC network can be added to isolate capacitive 
loads. See Figures 5, 6 and 7. 

Finally, caution should be exercised in high voltage 
applications as electrical shock hazards are present. Since 
the negative supply is connected to the case, users may 
inadvertantly contact voltages equal to those across the 
power supplies. 




FIGURE 4. Guarded Inverting Amplifier 
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Application Hints (Continued) 


R2 



C c = 27 pF 

FIGURE 5. Single Pole Compensation 




FIGURE 7. Compensating For Stray Input 
Capacitances or Large Feedback Resistor 


R3 




FIGURE 8. Protecting Against Gross FIGURE 9. Balancing Circuit 

Fault Conditions 


Connection Diagrams 


Metal Can Package 

COMPENSATION 



TOP VIEW 


Order Number LM144H 
or LM344H 
See NS Package H08C 
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LM146/LM246/LM346 


EPj National Operational Amplifiers/ Buffers 

II Semiconductor 

LM146/LM246/LM346 Programmable Quad Operational 
Amplifiers 

General Description Features o S et=iom> 


The LM146 series of quad op amps consists of four 
independent, high gain, internally compensated, low 
power, programmable amplifiers. Two external resistors 
(R$ET) allow the user to program the gain bandwidth 
product, slew rate, supply current, input bias current, 
input offset current and input noise. For example, the 
user can trade-off supply current for bandwidth or 
optimize noise figure for a given source resistance. In a 
similar way, other amplifier characteristics can be 
tailored to the application. Except for the two program- 
ming pins at the end of the package, the LM146 pin-out 
is the same as the LM124 and LM148. 


■ Programmable electrical characteristics 

■ Battery-powered operation 

■ Low supply current 350 fiA amplifier 

■ Guaranteed gain bandwidth product 0.8 MHz min 

■ Large DC voltage gain 120 dB 

■ Low noise voltage 28 nV/\/Hz 

■ Wide power supply range ±1.5V to ±22V 

■ Class AB output stage-no crossover distortion 

■ Ideal pin out for Biquad active filters 

■ Input bias currents are temperature compensated 


Connection Diagrams (Dual-ln-Line Packages, Top Views) 



PROGRAMMING EQUATIONS 

Total Supply Current =1.4 mA UsET/1°mA) 
Gain Bandwidth Product = 1 MH 2 {IgEj/IO/uA) 
Slew Rate = 0.4 V/ms OsET/10 mA) 

Input Bias Current = 50 nA Oset/10 juA) 

•SET = Current into pin 8, pin 9 (see schematic- 
diagram) . 

V + — V“ — 0.6V 

•set = — - 

R S et 


Order Number LM146J, LM246J or LM346J 
See NS Package J16A 


Order Number LM246N or LM346N 
See NS Package N16A 


Schematic Diagram 



r set £ 

< R $ET 

•set y 

T •SET 

SET C 

JLset a, b,d, 

(9) T 

T(B) 




Absolute Maximum Ratings (Note d 









LM146 


LM246 


LM346 ' 



Supply Voltage 

±22V 


±18V 


±18V 



Differential Input Voltage (Note 1) ±30V 


±30V 


±30V 



CM Input Voltage (Note 1 

±15V 


±15V 


±15V 



Power Dissipation (Note 2 

900 mW 


500 mW 

500 mW 



Output Short-Circuit Duration (Note 3) Indefinite 


Indefinite 

Indefinite 



Operating Temperature Range -55°C to +125°C 

-25° C to +85°C 

0°C to +70°C 


Maximum Junction Temperature 150°C 


110°C 


100°C 



Storage Temperature Range -65°C to +150°C 

-65° C to +1 50°C 

-65°C to +150°C 


Lead Temperature (Soldering, 10 seconds) 300°C 


300° C 


300° C 



Thermal Resistance (0j A ), (Note 2) 








Cavity DIP (D) (J) P d 

900 mW 


900 mW 

900 mW 



0jA 90° C/W 


90° C/W 


90° C/W 



Molded DIP (N) . P d 






500 mW 



0jA 




140° C/W 



DC Electrical Characteristics (v s =±i5y, i SE t=ioma, Note4i 





PARAMETER 


LM146 

LM246/LM346 

UNITS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

VCM = 0V, R S < 50 Q., T A = 25° C 


0.5 

5 


0.5 

6 

mV 

Input Offset Current 

VCM = 0V, T A = 25°C 


2 

20 


2 

100 

nA 

Input Bias Current 

V C M = 0V, T A = 25°C 


50 

100 


50 

250 

nA 

Supply Current (4 Op Amps) 

T A = 25° C 


1.4 

2.0 


1.4 

2.5 

mA 

Large Signal Voltage Gain 

R|_ = 10 kH, AVquT = ±10V, 

T A = 25°C 

100 

1000 


50 

1000 


V/mV 

Input CM Range 

T A = 25° C 

±13.5 

±14 


±13.5 

' ±14 


V 

CM Rejection Ratio 

RS< 10kO, T A = 25° C 

80 

100 


70 

100 


dB 

Power Supply Rejection 

Ratio 

Rg < 10 kf2, T A = 25°C 

80 

100 


74 

100 


dB 

Output Voltage Swing 

,R L > 10 k n, T A = 25° c 

±12 

±14 


±12 

±14 


V 

Short-Circuit Current 

T A = 25° C 

5 

20 

35 

5 

20 

35 

mA 

Gain Bandwidth Product 

T A = 25° C 

0.8 

1.2 


0.5 

1.2 


MHz 

Phase Margin 

T A = 25° C 


60 



60 


Deg 

Slew Rate 

T A = 25° C 


0.4 



0.4 


V/jUs 

Input Noise Voltage 

f = 1 kHz,T A = 25° C 


28 



28 


nV/v/Hz 

Channel Separation 

R|_ = 10 kS7, AVoUT = 0V to 
±12 V,Ta = 25°C 


120 



120 


dB 

Input Resistance 

T A = 25°C 


1.0 



1.0 


Mf2 

Input Capacitance 

T A = 25°C 


2.0 



2.0 


PF 

Input Offset Voltage 

vcm = ov, R S <50n 


0.5 

6 


0.5 

7.5 

mV 

Input Offset Current 

V C M = 0V . 


2 

25 


2 

100 

nA 

Input Bias Current 

V C M = 0V 


50 

100 


50 

250 

nA 

Supply Current (4 Op Amps) 



1.5 

2.0 


1.5 

2.5 

mA 

Large Signal Voltage Gain 

R|_ = 10 k£2, AVoUT = ± 10V 

50 

1000 


25 

1000 


V/mV 

Input CM Range 


±13.5 

±14 


±13.5 

±14 


V 

CM Rejection Ratio 

RS<50n 

70 

100 


70 

100 


dB 

Power Supply Rejection 

Ratio 

R$ < 50 S7 

76 

1 

100 


74 1 

100 


dB 

Output Voltage Swing 

RL> lOkft 

±12 

±14 


±12 

±14 


V 
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DC Electrical Characteristics <v s = ±i5v, i S et=ima) 


PARAMETER 

CONDITIONS 

| LM146 

LM246/LM346 j 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

VCM = ov, R S <5on, 


0.5 

5 


0.5 

7 

mV 


Ta = 25° C 








Input Bias Current 

VCM = OV, T A = 25°C 


7.5 

20 


7.5 

100 

nA 

Supply Current (4 Op 

Ta = 25° C 


140 

250 


140 

300 

i“A 

Amps) 









Gain Bandwidth Product 

Ta = 25° C 

80 

100 


50 

100 


kHz 


DC Electrical Characteristics <v s = ±i.5v, i SET = iomai 


PARAMETER 

CONDITIONS 

I LM146 

LM246/LM346 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

VCM = 0V, Rs < 50 a, 

Ta = 25° c 


0.5 

5 


0.5 

7 

mV' 

Input CM Range 

Ta= 25° C 

i0.7 



±0.7 



V 

CM Rejection Ratio 

RS<50ft,T A = 25°C 


80 



80 


dB 

Output Voltage Swing 

R L > 10 k£2, T A = 25° C 

±0.6 



±0.6 



V 


Note 1 : For supply voltages less than ±1 5V, the absolute maximum input voltage is equal to the supply voltage. 

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by Tjmax. e \(K, and the 
ambient temperature, T^. The maximum available power dissipation at any temperature is P,-) = (TjMAX ~ T A )/0jA or the 25° C PdMAX* which- 
ever is less. 

Note 3: Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should not be simultaneously shorted as the 
maximum junction temperature will be exceeded. 

Note 4: These specifications apply over the absolute maximum operating temperature range unless otherwise noted. 

Typical Performance Characteristics 



0.1 1.0 10 100 
•SET (mA) 



•set G*A) 


Open Loop Voltage Gain vs 
•SET 



■set M> 



0.1 1 10 100 


•set^a) 


Gain Bandwidth Product vs 
•SET 



•set foA) 



0.1 1 10 100 


•set <mA)' 


3-196 






















INPUT BIAS CURRENT (nA) OUTPUT VOLTAGE SWING (±V) INPUT OFFSET VOLTAGE (mV) 
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Typical Performance Characteristics (Continued) 


Open Loop Voltage Gain 
vs Temperature 
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TEMPERATURE (°C) 


Gain Bandwidth Product 
vs Temperature 
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Slew Rate vs 
Temperature 
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Input Noise Voltage vs 
Frequency 
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Transient Response Test Circuit 


*SET “ 10 pA 
_ V $ = ±15V _ 

T A = 25°C 
-C|_ = 100 pF - 
R L = 10kf2 



3-198 





Application Hints 

Avoid reversing the power supply polarity, the device 
will fail. 

Common-Mode Input Voltage: The negative common- 
mode voltage limit is one diode drop above the negative 
supply voltage. Exceeding this limit on either input will 
result in an output phase reversal. The positive common- 
mode limit is typically IV below the positive supply 
voltage. No output phase reversal will occur if this limit 
is exceeded by either input. 

Output Voltage Swing vs lsET : For a desired output 
voltage swing the value of the minimum load depends on 
the positive and negative output curent capability of the 
op amp. The maximum available positive output current, 
dCL+)' °f the device increases with IgET whereas the 

negative output current ( IcL ) ' s independent of IgET- 

Figure 1 illustrates the above. 



o 2 4 6 e 10 


•set kA) 


FIGURE 1. Output Current Limit vs IsET 


Input Capacitance: The input capacitance, C||\], of the 
LM146 is approximately 2 pF; any stray capacitance, 
C$, (due to external circuit circuit layout) will add to 
C|j\|. When resistive or active feedback is applied, an 
additional pole is added to the open loop frequency 
response of the device. For instance with resistive feed- 
back (Figure 2), this pole occurs at 1/2rr (R1||R2) 
(C|j\| + C$). Make sure that this pole occurs at least 
2 octaves beyond the expected —3 dB frequency corner 
of the closed loop gain of the amplifier; if not, place a 
lead capacitor in the feedback such that the time con- 
stant of this capacitor and the resistance it parallels is 
equal to the R|(Cs + C||\j), where R| is the input resis- 
tance of the circuit. 



Temperature Effect on the GBW: The GBW (gain 
bandwidth product), of the LM146 is directly propor- 
tional to IsET anc * inversely proportional to the ab- 
solute temperature. When using resistors to set the 
bias current, \SET> of the device, the GBW product will 
decrease with increasing temperature. Compensation 
can be provided by creating an IsET current directly 
proportional to temperature (see typical applications). 


Isolation Between Amplifiers: The LM146 die is iso- 
thermally layed out such that crosstalk between all 4 
amplifiers is in excess of —105 dB (DC). Optimum 
isolation (better than —110 dB) occurs between ampli- 
fiers A and D, B and C; that is, if amplifier A dissipates 
power on its output stage, amplifier D is the one which 
will be affected the least, and vice versa. Same argument 
holds for amplifiers B and C. 

LM146 Typical Performance Summary: The LM146 

typical behavior is shown in Figure 3. The device is fully 
predictable. As the set current, IsET. increases, the 
speed, the bias current, and the supply current increase 
while the noise power decreases proportionally and the 
V os remains constant. The usable GBW range of the op 
amp is 10 kHz to 3.5-4 MHz. 



FIGURE 3. LM146 Typical Characteristics 


Low Power Supply Operation: The quad op amp oper- 
ates down to ±1.3V supply. Also, since the internal 
circuitry is biased through programmable current sources, 
no degradation of the device speed will occur. 


Speed vs Power Consumption: LM146 vs LM4250 
(single programmable). Through Figure 4, we observe 
that the LM146's power consumption has been opti- 
mized for GBW products above 200 kHz, whereas the 
LM4250 will reach a GBW of no more than 300 kHz, for 
GBW products below 200 kHz, the LM4250 will con- 
sume less. 



SUPPLY CURRENT foA) 


4 



0.004 


FIGURE 4. LM146 vs LM4250 
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LM146/LM246/LM346 


Typical Applications 



Current Source Biasing 
with Temperature Compensation 


Biasing all 4 Amplifiers 
with Single Current Source 




•SET = 


67.7 mV 

r set 


ISET1 

*SET2 


R2 

rT' 


»SET1 + ISET2 


67.7 mV 
r SET 


• The LM334 provides an IsET directly proportional to 
absolute temperature. This cancels the slight GBW product 
temperature coefficient of the LM346. 


• ^ or *SET1 “ *SET2 resistors R1 and R2 are not required 
if a slight error between the 2 set currents can be tolerated. 
If not, then use R1 = R2 to create a 100 mV drop across 
these resistors. 
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Active Filters Applications 


Basic (Non-Inverting "State Variable") Active Filter Building Block 

100k 



• The LM146 quad programmable op amp is especially suited for active filters because of their adequate GBW product and low power 
consumption. 

Circuit synthesis equations (for circuit analysis equations, consult with the AF 100 and LM1 48 data sheet). 

Need to know desired: f Q = center frequency measured at the BP output 

Qo = quality factor measured at the BP output 
H 0 = gain at the output of interest (BP or HP or LP or all of them) 


Relation between different gains: H 0 (gp) = 0.316 xQqX Ho(LP); H Q (|_p) = 10 x H 0 { R p) 
5.033 x 10- 2 

A R x C = ^ (sec) 

-1 

?,478 Qq — H 0 (bp) 

To 5 


fo 


For BP output: Rq 


" (~ 


/ 3.478 Q 0 _ \ 
h o(BP) \ , R \ Hp(B P) / 

10 5 x 3.478 xQ 0 ) ' 1N 1 ^ 


• 10-5 


A For HP output: Rq = 


1.1 x 10 5 


3.478 Qq (1.1 — H 0 ( H p)) — H 0 ( H p) 


; r in 


, 1.1 

h o(HP) 


- 1 + 10-5 

RQ 

11 


Note. All resistor values are given in ohms. 


* For LP output: Rq = 


11 x 10 5 


; r in 1 


H o(LP) 


3.478 Q 0 (11 -H o(L p))-H o(L p)' 1 


RQ 


-+ 10 ” 


* For BR (notch) output: Use the 4th amplifier of the LM146 to sum the LP and HP outputs of the basic filter. 



r f 


r f 


Determine R F according to the desired gains: H 0 ( BR ) I = r- H 0 ( LP ) , H o(8R ) I ■ — H q (hp) 

l f « f notch r L lf » f notch R H 

Where to use amplifier C: Examine the above gain relations and determine the dynamics of the filter. Do not allow slew rate limiting 
in any output (V R p, V B p, Vyj), that is: 


v IN(peak) < 63.66 xIO 3 x 


•set 


1 


(Volts) 


IOjuA f 0 x H 0 

If necessary, use amplifier C, biased at higher l$ET» where you get the largest output swing. 

Deviation from Theoretical Predictions: Due to the finite GBW products of the op amps the f 0 , Qq will be slightly different from the 
theoretical predictions. 

Qo 


*real ~ ' 


1 +- 


GBW 


» Q real £ 


1 - 


3.2 f 0 xQ 0 
GBW 
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LM146/LM246/LM346 


Active Filters Applications (Continued) 



• If resistive biasing is used to set the LM346 performance, the Q 0 of this filter building block is nearly insensitive to the op amp's GBW 
product temperature drift; it has also better noise performance than the state variable filter. 

Circuit Synthesis Equations 

0 1 59 Ro r 

h o(BP) =Q 0 H 0 (LP);R xC = ; Rq=Q 0 x R;R|N = rr— = — 

*o h o(BP) h o(LP) 

• For the eventual use of amplifier C, see comments on the previous page. 


A 3-Amplifier Notch Filter (or Elliptic Filter Building Block) 



Circuit Synthesis Equations 

„ „ 0.159 „ _ 0.159 xf Q 

R x C - ; Rq = Qq x R; Rji\j - 2 

f o c xf notch 

H otSR) | f « fno(ch ” ^ h oIBR) | f >> Wch = f- 


)V 0UT (BR) 


• For nothing but a notch output: R|f\| = R, C' = C. 
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Miscellaneous Applications (Continued) 


X10 Micropower Instrumentation Amplifier with Buffered Input Guarding 
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LM148, LM149 Series 



National 

Semiconductor 


Operational Amplifiers/Buffers 


LM148, LM149 Series Quad 741 Op Amps 

LM148/LM248/LM348 quad 741 op amps 
LM149/LM249/LM349 wide band decompensated (A V (min) = 


General Description 

The LM148 series is a true quad 741. It consists of four 
independent, high gain, internally compensated, low 
power operational amplifiers which have been designed 
to provide functional characteristics identical to those of 
the familiar 741 operational amplifier. In addition the 
total supply current for all four amplifiers is comparable 
to the supply current of a single 741 type op amp. 
Other features include input offset currents and input 
bias current which are much less than those of a standard 
741. Also, excellent isolation between amplifiers has 
been achieved by independently biasing each amplifier 
and using layout techniques which minimize thermal 
coupling. The LM149 series has the same features as 
the LM148 plus a gain bandwidth product of 4 MHz at a 
gain of 5 or greater. 

The LM148 can be used anywhere multiple 741 or 1558 
type amplifiers are being used and in applications where 
amplifier matching or high packing density is required. 


Features 

■ 741 op amp operating characteristics 

■ Low supply current drain 0.6 mA/Amplifier 

■ Class AB output stage— no crossover distortion 

■ Pin compatible with the LM124 


■ 

Low input offset voltage 

1 mV 

■ 

Low input offset current 

• 4nA 

■ 

Low input bias current 

30 nA 

■ 

Gain bandwidth product 



LM148 (unity gain) 

1.0 MHz 


LM149 (A v >5) 

4 MHz 

■ 

High degree of isolation between 

120 dB 


amplifiers 


■ Overload protection for inputs and outputs 


Schematic and Connection Diagrams 



Dual-1 n-Line Package 


OUT 4 IN 4 IN 4* V- IN 3* IN 3 OUT 3 



TOP VIEW 

Order Number LM148J, LM248J, LM348J, 
LM149J, LM249J or LM349J 
See NS Package J14A 
Order Number LM348N or LM349N 
See NS Package N14A 
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Absolute Maximum Ratings 

LM148/LM149 

LM248/LM249 

LM348/LM349 

Supply Voltage 

±22V 

±18V 

CO 

< 

Differential Input Voltage 

±44V 

±36V 

±36V 

Input Voltage 

±22V 

±18V 

±18V 

Output Short Circuit Duration (Note 1) 

Power Dissipation (P d at 25°C) and 

Thermal Resistance ( 0 jA ), (Note 2) 

Continuous 

Continuous 

Continuous 

Molded DIP (N) P d 

— 

— 

500 mW 

0jA 

- 

- 

150°C/W 

Cavity DIP (J) P d 

900 mW 

900 mW 

900 mW 

*iA 

100°C/W 

100°C/W 

100°C/W 

Maximum Junction Temperature (T jMAX ) 

150°C 

110°C 

100°C 

Operating Temperature Range 

-55°C<T A <+125°C 

-25°C<T A <+85°C 

0°C < T A < +70°C 

Storage Temperature Range 

-65°C to +150°C 

-65°C to +150°C 

-65°C to +150°C 

Lead Temperature (Soldering, 60 seconds) 

Electrical Characteristics <Note3i 

300°C 

300°C 

300°C - 


PARAMETER 

CONDITIONS 

Input Offset Voltage 

T a = 25°C, R s < 10 kH 

Input Offset Current 

T a = 25° C 

Input Bias Current 

T a = 25°C 

Input Resistance , . 

T a - 25°C 


LM148/LM149 LM248/LM249 LM348/LM349 


Supply Current All Amplifiers 
Large Signal Voltage Gain 


Amplifier to Amplifier 
Coupling 


Small Signal Bandwidth 


Phase Margin 


T a = 25 C, V s = ±15V 
T a = 25°C, V s =±15V 
Vout =±10V, R L >2kf2 
T a = 25°C, f = 1 Hz to 20 kHz 
(Input Referred) See Crosstalk Test 
Circuit 

T a = 25° C LM148series 
LM 149 series 


T _25°c LM148seri6S (Av = 11 
A LM149 series (A v = 5) 


T = 25 0 c LM148ser ' eS(Av = 11 
A LM149 series (A v = 5) 



Output Short Circuit Current 

T a = 25°C 


25 



25 

mm 


25 

H 

Input Offset Voltage 

R s < 10kn 



6.0 






H 

Input Offset Current 




75 



125 



100 

Input Bias Current 




325 



500 



400 

Large Signal Voltage Gain 

V s = ±15V, V OUT = ±10V, 

R l > 2kn 

25 



15 



15 




Output Voltage Swing V s = ±15V, R L = 10 kft, ±12 ±13 ±12 ±13 

R L = 2 kJ2 ±10 ±12 ±10 ±12 

Input Voltage Range V S =±15V ±12 ±12 

Common-Mode Rejection R s <10kJ2 70 90 70 90 

Ratio 

Supply Voltage Rejection R s <10k£2 77 96 77 96 

Note 1. Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should not be simultaneously shorted as the 
maximum junction temperature will be exceeded. 

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by Tjjyj/^x* 0jA» anc * 
ambient temperature, T/\. The maximum available power dissipation at any temperature is P^ = (T|max — T/\)/0j/\ or the 25° C PdMAX* which- 
ever is less. 

Note 3: These specifications apply for Vs = ±15V and over the absolute maximum operating temperature range (Tl < T/^ < T^) unless otherwise 
noted. 
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LM148, LM149 Series 


Application Hints 

The LM148 series are quad low power 741 op amps. 
In the proliferation of quad op amps, these are the first 
to offer the convenience of familiar, easy to use operating 
characteristics of the 741 op amp. In those applications 
where 741 op amps have been employed, the LM148 
series op amps can be employed directly with no change 
in circuit performance. 

The LM149 series has the same characteristics as the 
LM148 except it has been decompensated to provide a 
wider bandwidth. As a result the part requires a mini- 
mum gain of 5. 


the output (and feedback connection) and the capaci- 
tance to reduce the phase shift resulting from the capa- 
citive loading. 

The output current of each amplifier in the package is 
limited. Short circuits from an output to either ground 
or the power supplies will not destroy the unit. However, 
if multiple output shorts occur simultaneously, the time 
duration should be short to prevent the unit from being 
destroyed as a result of excessive power dissipation in 
the 1C chip. 


The package pin-outs are such that the inverting input 
of each amplifier is adjacent to its output. In addition, 
the amplifier outputs are located in the corners of the 
package which simplifies PC board layout and minimizes 
package related capacitive coupling between amplifiers. 

The input characteristics of these amplifiers allow 
differential input voltages which can exceed the supply 
voltages. In addition, if either of the input voltages is 
within the operating common-mode range, the phase of 
the output remains correct. If the negative limit of the 
operating common-mode range is exceeded at both 
inputs, the output voltage will be positive. For input 
voltages which greatly exceed the maximum supply 
voltages, either differentially or common-rjiode, resistors 
should be placed in series with the inputs to limit 
the current. 

Like the LM741, these amplifiers can easily drive a 
100 pF capacitive load throughout the entire dynamic 
output voltage and current range. However, if very large 
capacitive loads must be driven by a non-inverting 
unity gain amplifier, a resistor should be placed between 


As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize "pickup" and maximize the 
frequency of the feedback pole which capacitance from 
the input to ground creates. 

A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance and capa- 
citance from the input of the device (usually the 
inverting input) to ac ground set the frequency of the 
pole. In many instances the frequency of this pole is 
much greater than the expected 3 dB frequency of the 
closed loop gain and consequently there is negligible 
effect on stability margin. However, if the feedback pole 
is less than approximately six times the expected 3 dB 
frequency a lead capacitor should be placed from the 
output to the input of the op amp. The value of the 
added capacitor should be such that the RC time con- 
stant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole 
time constant. 


Typical Applications — LM148 


One Decade Low Distortion Sinewave Generator 



Low Cost Instrumentation Amplifier 



V 0U T = 2 + 1^ , V S - 3V < V 1N CM < Vs -3V, 

V S = ±15V 

R = R2, trim R2 to boost CMRR 


f MAX = 5 kHz, THD < 0.03% 

R1 = 100k pot.* Cl =0.0047MF,C2 = 0.0lMF,C3 = 0.1/iF.R2 = R6 = R7 = 1M. 

R3 = 5.1k, R4 = 12S7. R5 = 240tt, Q = NS5102, D1 = 1 N914, D2 = 3.6V avalanche 
diode (ex. LM103), V s = ±15V 

A simpler version with some distortion degradation at high frequencies can be 
made by using A1 as a simple inverting amplifier, and by putting back to back 
zeners in the feedback loop of A3. 
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Typical Applications — LM148 (Continued) 


Low Drift Peak Detector with Bias Current Compensation 


Adjust R for minimum drift 
D3 low leakage diode 
D1 added to improve speed 
Vg = ±15V 


Universal State-Space Filter 



Tune Q through RO, 

For predictable results: fo Q < 4 x 10 4 
Use Band Pass output to tune for Q 


V (s) N < s > . c2 Su o 

= . D(s) = S^ + 

V|N(s) D(s) Q 


N HP(s) = s h OHP. N BPfs) =~ 


-SuiQHoBP 


N LP = ^o H OLP 


- , tj = RjCj, Q = 


( 1 + R4IR3 + R4IR0\ / R6 tA U 
1 + R6IR5 / \R5 1 2 / 


L (—)' 
2n \RLtit 2 / 


1 + R6IR5 1 + R4IR3 + R4IR0 

/ H 0 hp= , HqbP = 

1 + R3IR0 + R3IR4 1 + R3IR0 + R3IR4 


1 + R3IR0 + R3IR4 
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Typipal Applications — LM148 (Continued) 



A 1 kHz 4 Pole Butterworth 



Use general equations, and tune each section separately 

Q 1stSECTION 13 °- 541 * Q 2ndSECTION = 1 306 
The response should have 0 dB peaking 


A 3 Amplifier Bj-Quad Notch Filter 



Necessary condition for notch: — = 

R6 R4R7 

Ex: fNOTCH = 3 kHz * Q = 5, R1 = 270k, R2 = R3 = 20k, R4 = 27k, R5 = 20k, R6 ■ R8 * 10k, R7 = 100k, Cl = C2 = 0.001/uF 
Better noise performance than the state-space approach 
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Typical Applications — LM148 (Continued) 


A 4th Order 1 kHz Elliptic Filter (4 Poles, 4 Zeros) 



f c = 1 kHz, f s = 2 kHz, fp = 0.543, f Z = 2.14, Q = 0.841 , f> = 0.987, f' z = 4 .92, Q 

1 /R6 1 1 /Rh 1 / 1 + R4IR3+ R4IR0 \ 

fp = — / x - , f z = — / x - , Q =[ ] x 

2tt V R5 t 2ir V R L t \. 1 + R6IR5 / 


r H r L 
Rp - 

r h + r L 

Use the BP outputs to tune Q, Q', tune the 2 sections separately 

R1 = R2 = 92.6k, R3 = R4 = R5 = 100k, R6 = 10k, R0 = 107.8k, R L = 100k, R H = 155.1k, 

R'l = R'2 = 50.9k, R'4 = R'5 = 100k, R'6 = 10k, R'0 = 5.78k, R' L = 100k, R' H = 248.12k, R'f = 100k. All capacitors are O.OOI/iF. 



Typical Applications — LM149 


Minimum Gain to Insure LM149 Stability The LM149 as a Uriity Gain Inverter 



Power BW = 40 kHz SrT > al1 signal BW = G BW/5 


Small Signal BW = G BW/5 
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Typical Applications — LM149 (Continued) 

Non-inverting-lntegrator Bandpass Filter 


R 



For stability purposes: R7 = R6/4 , 10R6 = R5, Cq = IOC 

1 Ar5 1 . Rq /"rF Rq 

27r \J R6 RC R yj R6 R||\j 


( f O(MAX). q MAX) = 20 kHz, 10 

Better Q sensitivity with respect to ooen loop gain variations than the 
state variable filter. 

R7, Cq added for compensation 


Active Tone Control with Full Output Swing (No Slew Limiting at 20 kHz) 



TREBLE 


V s = ±15V, VouT(MAX) = 9- 1 V RMS- 
f MAX = 20 kHz, THD < 1% 

Duplicate the above circuit for stereo 
1 1 

f L = ' f LB = — 

2ttR 2C1 2rrR1C1 

1 1 

f H = / f HB = 

2ttR 5C3 2rr(R1 + 2R7) C3 

Max Bass Gain s (R1 + R2)/R1 
Max Treble Gain & (R1 + 2R7)/R5 
as shown: f[_ s 32 Hz, f|_s is 320 Hz 
f H s 11 kHz, f HB s 1.1 Hz 


Triangular, Squarewave Generator 

ci 



KxV, N 2V | 

f = — , K = R2/R'2, <25V, V + = V- V S = ±15V 

8V+C1R1 K 


JUT. 


Use LM125 for ±15V supply 

The circuit can be used as a low frequency V/F for process control. 
Q1,Q3: KE4393, Q2, Q4: P1087E, D1 -D4 = 1N914 
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LM158/LM258/LM358, LM158A/ 
LM258A/LM358A, LM2904 


National 

Semiconductor 


Operational Amplifiers/Buffers 


LM158/LM258/LM358, LM158A/LM258A/LM358A, LM2904 
Low Power Dual Operational Amplifiers 

General Description 


The LM158 series consists of two independent, high 
gain, internally frequency compensated operational am- 
plifiers which were designed specifically to operate from 
a single power supply over a wide range of voltages. 
Operation from split power supplies is also possible and 
the low power supply current drain is independent of the 
magnitude of the power supply voltage. 

Application areas include transducer amplifiers, dc gain 
blocks and all the conventional op amp circuits which 
now can be more easily implemented in single power 
supply systems. For example, the LM158 series can be 
directly operated off of the standard +5 V DC power 
supply voltage which is used in digital systems and will 
easily provide the required interface electronics without 
requiring the additional ±15 V DC power supplies. 

Unique Characteristics 

■ In the linear mode the input common-mode voltage 
range includes ground and the output voltage can also 
swing to ground, even though operated from only a 
single power supply voltage. 

■ The unity gain cross, frequency is temperature 
compensated. 

■ The input bias current is also temperature 
compensated. 

Advantages 

■ Eliminates need for dual supplies 

■ Two internally compensated op amps in a single 
package 


■ Allows directly sensing near GND and V OUT also 
goes to . GND 

■ Compatible with all forms of logic 

■ Power drain suitable for battery operation 

■ Pin-out same as LM1558/LM1458 dual operational 
amplifier 

Features 

■ Internally frequency compensated for unity gain 

■ Large dc voltage gain 100 dB 

■ Wide bandwidth (unity gain) 1 MHz 

(temperature compensated) 

■ Wide power supply range: 

Single supply 3V Dc to30V DC 

or dual supplies ±1.5 V DC to ±15 V DC 

■ Very low supply current drain (500/uA) - essentially 
independent of supply voltage (1 mW/op amp at 
+5 V DC ) 

■ Low input biasing current 45 nA DC 

(temperature compensated) 

■ Low input offset voltage 2 mV DC 

and offset current 5 nA DC 

■ Input common-mode voltage range includes ground 

■ Differential input voltage range equal to the power 
supply voltage 

■ Large output voltage 0 V DC to V + -- 1.5 V DC 

swing 


Connection Diagrams (Top Views) Schematic Diagram (Each Amplifier) 


Metal Can Package 



Order Number LM158AH, LM158H, LM258AH, 
LM258H, LM358AH or LM358H 
See NS Package H08C 


NON-INVERTING 3 
INPUT A 





5 NON-INVERTING 
INPUT B 


Order Number LM358AN, LM358N or LM2904N 
See NS Package N08B 
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Absolute Maximum Ratings 



LM158/LM258/LM358 

LMT58A/LM258A/LM358A 

LM2904 

Supply Voltage, V + 

32 V DC or ±16 V DC 

26 VdC o r ±13 Vqc 

Differential Input Voltage 

32 V DC 

26V dc 

Input Voltage 

-0 3 Vqc to +32 Vqc 

-0.3 Vqc to +26 Vqc 

Power Dissipation (Note 1) 



Molded DIP (LM358N) 

570 mW 

570 mW 

Metal Can (LM158H/LM258H/LM358H) 

830 mW 


Output Short-Circuit to GND (One Amplifier) (Note 2) 

Continuous 

Continuous 

v < 15 Vq C and T A = 25°C 

Input Current (V|n <~0.3 Vqc) (Note 3) 

50 mA 

50 mA 

Operating Temperature Range 

LM358 

0°C to +70° C 

-40° C to +85°C 

LM258 

-25°C to +85° C 


LM158 

-55°C to +125°C 


Storage Temperature Range 

-65°C to +150°C 

-65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 

300° C 

300° C 


Electrical Characteristics <v + = +5.0 v DC , Note 4 ) 


PARAMETER 

CONDITIONS 

LM158A 

LM258A 

LM358A 

LM158/LM258 

LM358 

LM2904 

UNITS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Input Offset Voltage 

Ta = 25°C, (Note 5) 

1 2 

1 3 

2 3 

±2 ±5 

+2 ±7 

±2 ±7 

mVoc 

Input Bias Current 

l|N{+) c *INH< T A = 25°C, (Note 6) 

20 50 

40 80 

45 100 

45 150 

45 250 

45 250 

nAQC 

Input Offset Current 

hN(+)- , IN(-).T A = 25°C 

2 10 

2 15 

5 30 

±3 ±30 

±5 ±50 

±5 ±50 

nA D c 

Input Common-Mode 
Voltage Range 

, V + = 30 Vq C , T a = 25°C (Note 7) 

0 V + -1.5 

0 V + -1.5 

0 V + — 1.5 

0 V + -1.5 

0 V + -1 .5 

0 V + -1 .5 

V DC 

Supply Current 

RL = °°, v cc =30V (LM2904 V C C “ 26V) 

Rj_ = 00 On All Op Amps 

Over Full Temperature Range 

1 2 

0.7 1.2 

1 . 2 

0.7 1.2 

1 2 > 

0.7 1 .2 

1 2 

0.7 1 .2 

1 2 

0.7 1.2 

1 2 

0.7 1.2 

mAoc 

.mAoc 

Large Signal Voltage 

Gain 

V + = 15 Vqc (For Large Vq Swing) 

RL>2kft, T A - 25° C 

50 100 

50 100 

25 100 

50 100 

25 100 

100 

V/mV 

Output Voltage Swing 

RL = 2 kfi, T A = 25°C (LM2904 R L > 10 kft) 

0 V + -1.5 

0 V+-1.5 

0 V+-1 .5 

0 V + — 1 .5 

0 V + -1 .5 

0 V + -1 .5 

VDC 

Common-Mode 

Rejection Ratio 

DC, T A = 25°C 

70 85 

70 85 

65 85 

70 85 

65 70 

50 70 

dB 

Power Supply 

Rejection Ratio 

DC, T A = 25°C 

65 100 

65 100 

65 100 

65 100 

65 100 

50 100 

dB 

Amplifier-to-Amplifier 

Coupling 

f = 1 kHz to 20 kHz, T A = 25°C 
(Input Referred), (Note 8) 

-120 

-120 

-120 

-120 

-120 

-120 

dB 

Output Current 

Source 

V|N + = 1 Vqc, V|n~ = O.Vqc, 

V + = 15 Vq C , T A = 25°C 

20 40 

20 40 

20 40 

20 40 

20 40 

20 40 

mAoc 


CO 


h)6zni Vssein/vsszwn 
/vssivn ‘8sem/8szi/\n/8sim 
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Electrical Characteristics (Continued) (v + = +5.0 v DC , Note 4 ) 

PARAMETER 

CONDITIONS 

LM158A 

LM258A 

LM358A 

LM158/LM258 

LM358 

LM2904 

UNITS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Sink 

V|N~ = 1 V D c,V,n + = 0V DCi 

V + = 15 V DC .T A = 25°C 

V|N -= 1 Vqc. V|N + = 0 Vqc 

Ta = 25°C, Vo « 200 mV DC 

10 20 

12 50 

10 20 

12 50 

10 20 

12 50 

10 20 

12 50 

10 20 

12 50 

10 20 

mApc 

mAqC 

Short Circuit to Ground 

T A = 25°C, (Note 2) 

40 60 

40 60 

40 60 

40 60 

40 60 

40 60 

*mApc 

input Offset Voltage 

(Note 5) 

4 

4 

5 

±7 

±9 

±10 

mVpc 

Input Offset Voltage 

Drift 

R S = 012 

7 15 

7 15 

7 20 

7 

7 

7 

pV/°C 

Input Offset Current 

>IN(+) ~ llN(-) 

30 

30 

75 

±100 

±150 

45 ±200 

nApc 

Input Offset Current 

Drift 


10 200 

10 200 

10 300 

10 

10 

10 

pApc/° c 

Input Bias Current 

l|N(+) or l|N{-J 

„ 40 100 

40 100 

40 200 

40 300 

40 500 

40 500 

nApc 

Input Common-Mode 
Voltage Range 

V + = 30 V DC> (Note 7) 

0 V + - 2 

0 V + -2 

0 V + -2 

0 V + -2 

0 V + -2 

0 V + -2 

Vpc 

Large Signal Voltage 

Gain 

V + = +15 Vpp (For Large Vp Swing) 

RL > 2 kfi 

25 

25 

15 

25 

15 

15- 

V/mV • 

Output Voltage Swing 

.. V 0 H 

V 0L 

V + = +30 Vq C , R L = 2kl2 

RL> 10kl7 

V + = 5 Vqc, Rl< IQkft 

26 

27 28 

5 20 

26 

27 28 

5 20 

26 

27 28 

5 20 

26 

27' 28 

X 5 20 

26 

27 28 

5 20 

22 

23 24 

5 100 

v D c 

VDC 

mVpc 

Output Current 

Source 

Sink 

V|N + -+1 V DC' V|N - = 0 Vqc, V + = 15 Vqq 
V|N" = +1 V DC , V|n + = 0 V DC , V + = 15 V DC 

10 20 

10 15 

10 20 

5 8 

10 20 

5 8 

10 20 

5 8 

10 20 

5 8 

10 20 

5 8 

mApc 

mApc 

Differential Input 

Voltage 

(Note 7) 

32 

32 

32 

32 

32 

26 

V DC 

Note 1: For operating at high temperatures, the LM358/LM358A,LM2904 must be derated based on a +125°C maximum junction temperature and a thermal resistance of 175°C/W which applies for the device 
soldered in a printed circuit board, operating in a still air ambient. The LM258/LM258A and LM158/LM158A can be derated based on a +150°C maximum junction temperature. The dissipation is the total of all 
four amplifiers— use external resistors, where possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit. 

Note 2: Short circuits from the output to V + can cause excessive heating and eventual destruction. The maximum output current is approximately 40 mA independent of the magnitude of V + . At values of supply 
voltage in excess of +15 Vqc, continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers. 

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input FNP transistors becoming forward biased and thereby 
acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the op amps to go to theV + 
voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative' 
again returns to a value greater than —0.3 Vqq (at 25° C). "" 

Note 4: These specif ications apply for V + = +5 Vqc and — 55° C < Ta < +125° C, unless otherwise stated. With the LM258/LM258A, all temperature specifications are limited to — 25° C < T A < +85°C, the LM358/ 
LM358A temperature specifications are limited to 0°C < T^ < +70 C, and the LM2904 specifications are limited to — 40°C < T/\ < +85°C. 

Note 5: Vq =.1.4 Vqq, Rg = 017 with V + from 5 Vqc to 30 Vqc; and over the full input common-mode range (0 Vpp to V + - 1.5 Vqc). 

Note 6: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the input lines. 
Note 7: The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3V (at 25°C). The upper end of the common-mode voltage range is V + —1.5V, but 
either or both inputs can go to +32 Vqq without damage (+26 V D q for LM2904). 

Note 8: Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be detected as this type of capacitive 1 increases at 
higher frequencies. 



V A - OUTPUT VOLTAGE V, N - INPUT V 0 - OUTPUT 

REFERENCED TO V + (V DC ) VOLTAGE (V) VOLTAGE (V) A vot . - VOLTAGE GAIN (dB) tV, N - INPUT VOLTAGE (±V DC ) 





1.01 0.1 1 10 100 
OUTPUT SINK CURRENT (mA DC ) 


-55 -35 -15 5 25 45 65 85 105 125 

T a - TEMPERATURE (T) 


LM158/LM258/LM358, LM158A/ 
LM258A/LM358A, LM2904 






LM158/LM258/LM358, LM158A/ 
LM258A/LM358A, LM2904 


Typical Performance Characteristics (Continued) (LM 2902 oni V ) 




0 10 20 30 

V 4 - SUPPLY VOLTAGE (Vqc) 


10 20 30 

V + - SUPPLY VOLTAGE (V DC ) 


Application Hints 

The LM1 58 ; series are op amps which operate with only 
a single power supply voltage, have true-differential 
inputs, and remain in the linear mode with an input 
common-mode voltage of 0 V DC . These amplifiers 
operate over a wide range of power supply voltage with 
little change in performance characteristics. At 25° C 
amplifier operation is possible down to a minimum 
supply voltage of 2.3 V DC . 

Precautions should be taken to insure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 
backwards in a test socket as an unlimited current surge 
through the resulting forward diode within the 1C could 
cause fusing of the internal conductors and result in a 
destroyed unit. 

Large differential input voltages can be easily accom- 
modated and, as input differential voltage protection 
diodes are not needed, no large input currents result 
from large differential input voltages. The differential 
input voltage may be larger than V + without damaging 
the device. Protection should be provided to prevent the 
input voltages from going negative more than -0.3 V DC 
(at 25°C). An input clamp diode with a resistor to the 
1C input terminal can be used. 

To reduce the power supply current drain, the amplifiers 
have a class A output stage for small signal levels which 
converts to class B in a large signal mode. This allows the 
amplifiers to both source and sink large output currents. 
Therefore both NPN and PNP external current boost 
transistors can be used to extend the power capability of 
the basic amplifiers. The output voltage needs to raise 
approximately 1 diode drop above ground to bias the 
on-chip vertical PNP transistor for output current sinking 
applications. 

For ac applications, where the load is capacitively 
coupled to the output of the amplifier, a resistor should 
be used, from the output of the amplifier to ground to 
increase the class A bias current and prevent crossover 


distortion. Where the load is directly coupled, as in dc 
applications, there is no crossover distortion. 

Capacitive loads which are applied directly to the output 
of the amplifier reduce the loop stability margin. Values 
of 50 pF can be accommodated using the worst-case non- 
inverting unity gain connection. Large closed loop gains 
or resistive isolation should be used if larger load 
capacitance must be driven by the amplifier. 

The bias network of the LM158 establishes a drain 
current which is independent of the magnitude of the 
power supply voltage over the range of from 3 V DC to 
30 V DC . 

Output short circuits either to ground or to the positive 
power supply should be of short time duration. Units 
can be destroyed, not as a result of the short circuit 
current causing metal fusing, but rather due to the large 
increase in 1C chip dissipation which will cause eventual 
failure due to excessive junction temperatures. Putting 
direct short-circuits on more than one amplifier at a time 
will increase the total 1C power dissipation to destructive 
levels, if not properly protected with external dissipation 
limiting resistors in series with the output leads of the 
amplifiers. The larger value of output source current 
which is available at 25°C provides a larger output cur- 
rent capability at elevated temperatures (see typical 
performance characteristics) than a standard 1C op amp. 

The circuits presented in the section on typical applica- 
tions emphasize operation on only a single power supply 
voltage. If complementary power supplies are available, 
all of the standard op amp circuits can be used. In 
general, introducing a pseudo-ground (a bias voltage 
reference of V + /2) will allow operation above and below 
this value in single power supply systems. Many applica- 
tion circuits are shown which take advantage of the wide 
input common-mode voltage range which includes 
ground. In most cases, input biasing is not required and 
input voltages which range to ground can easily be 
accommodated. 
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Typical Single-Supply Applications (v + = 5 <r 


Non-Inverting DC Gain (OV Input = OV Output) 


*R not needed due to 
temperature independent l IN 



DC Summing Amplifier 
(V, N ' S > 0 V DC AND Vq > 0 V DC ) 


Power Amplifier 



V 0 = OV oc for V IN = 0V DC 
A v =10 


Where: V 0 =V 1 + V 2 V 3 V 4 

{V, + V 2 ) > (V 3 + V 4 ) to keep V 0 > 0 V DC 


"BI-QUAD" RC Active Bandpass Filter 


Fixed Current Sources 



330 pr 
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Typical Single-Supply Applications (continued) iv + = 5.ov dc i 


Current Monitor 



30 mA p>20\ 600mA 




'(Increase R1 for l L small) 
V L £V + -2V 


Pulse Generator 



Voltage Follower 




Squarewave Oscillator 


Pulse Generator 


R2 R4 

100k ^ 100k 


lUT-TL 
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Typical Single-Supply Applications (continued) (v + = 5ov DC ) 


Low Drift Peak Detector 




LM158/LM258/LM358, LM158A/ 
LM258A/LM358A, LM2904 








LM158/LM258/LM358, LM158A/ 
LM258A/LM358A, LM2904 


Typical Single-Supply Applications (Continued) (V + = 5;0 V DC ) 


AC Coupled Non-Inverting Amplifier 


DC Coupled Low-Pass RC Active Filter 



Bandpass Active Filter 


Ci 



High Input Z, DC Differential Amplifier 


R2 

100k 



Asshown:V 0 = 2(V 2 -V,) 


Photo Voltaic-Cell Amplifier 


R. 

1M 
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LM159/LM359 



National 

Semiconductor 


Operational Amplifiers/Buffers 


LM159/LM359 Dual, High Speed, Programmable, 
Current Mode (Norton) Amplifiers 


General Description 

The LM159/LM359 consists of two current differencing 
(Norton) input amplifiers. Design emphasis has been 
placed on obtaining high frequency performance and 
providing user programmable amplifier operating 
characteristics. Each amplifier is broadbanded to provide 
a high gain bandwidth product, fast slew rate and stable 
operation for an inverting closed loop gain of 10 or 
greater. Pins for additional external frequency compensa- 
tion are provided. The amplifiers are designed to operate 
from a single supply and can accommodate input 
common-mode voltages greater than the supply. 

Applications 

■ General purpose video amplifiers 

■ High frequency, high Q active filters 

■ Photo-diode amplifiers 

■ Wide frequency range waveform generation circuits 

■ All LM3900 AC applications work to much higher 
frequencies 


Features 

H User programmable gain bandwidth product, slew 
rate, input bias current, output stage biasing current 
and total device power dissipation 

■ High gain bandwidth product (Iset = °- 5 mA ) 

400 MHz for A v = 10 to 100 
30 MHz for A v = 1 

■ High slew rate Oset = 0-5 mA) 

60 V/ps for Ay = 10 to 100 
30 V/^s for Ay = 1 

■ Current differencing inputs allow high common-mode 
input voltages 

■ Operates from a single 5V to 22V supply 

■ Large inverting amplifier output swing, 2 mV to 
V CC -2V 

■ Low spot noise, 6 n W Hz, for f>1 kHz 


Typical Application 


Connection Diagram 


0.5 pF 



• Ay = 20 dB 

• - 3 dB bandwidth = 2.5 Hz to 25 MHz 

• Differential phase error<1 ° at 3.58 MHz 

• Differential gain error <0.5% at 3.58 MHz 


Dual-ln-Line Package 



v 0UT b 
COMP B 

V+ 

GND B 
l| N (-) B 
l||\l<+)B 
•SEKIISI) 


Order Number LM159J or LM359J 
See NS Package J14A 
Order Number LM359N 
See NS Package N14A 
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Absolute Maximum Ratings 

Supply Voltage 

Power Dissipation (Note 1) 

J Package 
N Package 

Maximum Tj , 

J Package 
N Package 

e jA 

J Package 
N Package 


22V DC 

Input Currents, l|N( + )° r l|N(~) 

lOmAoc 

±11 Vqc 

Set Currents, IsET(IN) or IsET(OUT) 

2 mAoc 

1W 

Operating Temperature Range 


750 mW 

LM159 

- 55 °C to + 125 °C 


LM359 

0°C to 70 °C 

150 °C 

Storage Temperature Range 

-65°C to + 150 °C 

125 °C 

Lead Temperature (Soldering, 10 seconds) 

300 °C 

100°C/W 



160 °C/W 




Electrical Characteristics i SET( in) = , set(OUT) = 0.5 mA, \/ supply = 12V, T A = 25 °C unless otherwise noted. 


Parameter 

Conditions 

j LM159 | 

LM359 | 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Open Loop Voltage Gain 

V S uppiy = 12V, R L = Ik, f = 100 Hz 

66 

72 


62 

72 


dB 


T a = 125°C 

62 

68 



68 


dB 

Bandwidth 









Unity Gain 

R|N = 1 ^0, ^comp = 10 pF 

20 

30 


15 

30 


MHz 

Gain Bandwidth Product 

R, n = 500 to 2000 

300 

400 



400 


MHz 

Gain of 10 to 100 









Slew Rate 









Unity Gain 

R|N = 1 ^0, ^comp = 10 pf" 


30 



30 


Wins 

Gain of 10 to 100 

R| N <2000 


60 



60 


V//iS 

Amplifier to Amplifier 
Coupling 

f = 100 Hz to 100 kHz, R L = Ik 


-80 



-80 


dB 

Mirror Gain (Note 2) 

@2 mA I|n( + ), Iset 111 ® fA, T a = 25°C 

0.95 

1.0 

1.05 

0.9 

1.0 

1.1 

^A/jiA 


@0.2 mA Ijn( + ), Iset = 5 /^A 

Over Temp 

0.95 

1.0 

1.05 

0.9 

1.0 

1.1 

/jA/^A 


@20 /iA l !N ( + ), I S et = 5 /iA 

Over Temp 

0.95 

1.0 

1.05 

0.9 

1.0 

1.1 

juA//iA 

AMirror Gain (Note 2) 

@20 pA to 0.2 mA l iN ( + ) 

Over Temp, Iset = 5 f a 


1 

5 


3 

5 

% 

Input Bias Current 

Inverting Input, T A = 25°C 


8 

15 

| 

8 

15 

fa 

Over Temp 



30 

■ 


30 

fa 

Input Resistance (fire) 

Inverting Input 


2.5 


■ 

2.5 




k 0 

Output Resistance 

l 0UT = 15 mA rms, f = 1 MHz 


3.5 



3.5 


0 

Output Voltage Swing 

R L = 6000 








Vout High 

l| N (-) & lm( + ) Grounded 

9.5 

10.3 



10.3 



V 0UT Low 

Output Currents 

l IN ( — ) = 1 00 /.A, I,n( + ) = 0 


2 

50 


2 

50 


Source 

^in( — ) & I|n( + ) Grounded, Rl = 1 000 

20 

40 


16 

40 



Sink (Linear Region) 

Vcomp - 0.5V = Vqut = IV, l, N ( + ) = 0 


4.7 



4.7 



Sink (Overdriven) 

l IN (-) = 100 M A, I,n( + ) = 0, 

Vqut Force = IV 

2 

3 


1.5 

3 



Supply Current 

Non-Inverting Input 

Grounded, R l = <» 



20 



22 

mA 

Power Supply Rejection 
(Note 3) 

f = 120 Hz, I|n( + ) Grounded 

40 

50 


40 

50 


dB 


Note 1: See Maximum Power Dissipation graph. 

Note 2: Mirror gain is the current gain of the current mirror which is used as the non-inverting input. 
Gain is the % change in A| for two different mirror currents at any given temperature. 

Note 3: See Supply Rejection graphs. 


L-^) 

\ i|N( + )/ 
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LM159/LM359 



AMPLIFIER B 


Schematic Diagram 





MIRROR GAIN INVERTING INPUT BIAS CURRENT (/iA) GAIN BANDWIDTH PRODUCT (MHz) OPEN LOOP GAIN (dB) 


Typical Performance Characteristics 


Open Loop Gain 



-7B -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

Mote: Shaded area refers to LM359J/LM359N 


0.1 1.0 10 
l| N +- MIRROR CURRENT (mA) 


-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

Note: Shaded area refers to LM359J/LM359N 


LM159/LM359 









LM159/LM359 


Typical Performance Characteristics (Continued) 

Supply Current Supply Rejection 



SET CURRENT (mA) 

Output Sink Current 



0.01 0.1 U 

SET CURRENT (mA) 

Amplifier to Amplifier 
Coupling (Input Referred) 


i iimiiri n mir i tttiiiu ti 

_T A = 25° C 
V+ = 5V 

“ ISET = 05 mA 
.SOURCE AMP GAIN = -1 
RECEIVE AMP GAIN = -10 

1 1 min i i mum m 




Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Application Hints 


CURRENT SOURCE F0RI S ET(IN) 


RESISTOR TO V + FOR lsET(IN] 


Ta = 25 b C 
V + =12 Vdc + °-77 Vrms 
f 0 = 1 kHz 

POSITIVE INPUT ATGND 


0.01 


0.1 

SET CURRENT (mA) 

Output Swing 



FREQUENCY (Hz) 


Noise Voltage 



10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Supply Rejection 


I 60 







CURR 

ENT SOU 

RCEFO 

R *SET( 

N) 



__ 


nT 

SSSSSSBj 

RESIS 

11 

— 

TOR TO 

r— ' 
V + FOR 

— ■- 

■SET(IN 




i 





Ta = 2 

!5°C 




r* ,tw DC ru " ¥ rms 
| POSITIVE INPUT ATGND 



10 100 Ik 10k 100k ^ 1M 

FREQUENCY (Hz) 

Output Impedance 



Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 

Maximum Power Dissipation 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

Note: Shaded area refers to LM359J/LM359N 


The LM159/LM359 consists of two wide bandwidth, 
decompensated current differencing (Norton) amplifiers. 
Although similar in operation to the original LM3900, 
design emphasis for these amplifiers has been placed on 
obtaining much higher frequency performance as il- 
lustrated in Figure 1. 



10 100 Ik 10k 100k 1M 10M 100M 1G 
FREQUENCY (Hz) 

FIGURE 1 


This significant improvement in frequency response is 
the result of using a common-emitter/common-base 
(cascode) gain stage which is typical in many discrete 
and integrated video and RF circuit designs. Another ver- 
satile aspect of these amplifiers is the ability to external- 
ly program many internal amplifier parameters to suit the 
requirements of a wide variety of applications in which 
this type of amplifier can be used. 

DC BIASING 

The LM359 is intended for single supply voltage opera- 
tion which requires DC biasing of the output. The current 
mirror circuitry which provides the non-inverting input for 
the amplifier also facilitates DC biasing the output. The 
.basic operation of this current mirror is that the current 
(both AC and DC) flowing into the non-inverting input will 
force an equal amount of current to flow into the invert- 
ing input. The mirror gain (A,) specification is the 
measure of how closely these two currents match. For 
more details see National Application Note AN-72. 
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Application Hints (Continued) 

DC biasing of the output is accomplished by establishing 
a reference DC current into the ( + ) input, l !N ( + ), and re- 
quiring the output to provide the (-) input current. This 
forces the output DC level to be whatever value 
necessary (within the output voltage swing of the 
amplifier) to provide this DC reference current, Figure 2. 

Rf 

*FB 



l b (~) ' s inverting input bias current 

FIGURE 2 

The DC input voltage at each input is a transistor V BE 
( = 0.6 V DC ) and must be considered for DC biasing. For 
most applications, the supply voltage, V + , is suitable and 
convenient for establishing l| N { + ). The inverting input 
bias current, l b (-), is a direct function of the program- 
mable input stage current (see current programmability 
section) and to obtain predictable output DC biasing set 
I,n( + ) — 10l b ( — )• 


Rf 



v o(DC) = v BE(~) j +<b(-) R f 

FIGURE 5. nV BE Biasing 

The nV BE biasing configuration is most useful for low 
noise applications where a reduced input impedance can 
be accommodated (see typical applications section). 

OPERATING CURRENT PROGRAMMABILITY (l SET ) 

The input bias current, slew rate, gain bandwidth product, 
output drive capability and total device power consump- 
tion of both amplifiers can be simultaneously controlled 
and optimized via the two programming pins Iset(OUT) and 

J SET(IN Y 
*SET(OUT) 

The output set current (Iset(OUT)) is equal to the amount of 
current sourced from pin 1 and establishes the class A 
biasing current for the Darlington emitter follower output 
stage. Using a single resistor from pin 1 to ground, as 
shown in Figure 6, this current is equal to: 


The following figures illustrate typical biasing schemes 
for AC amplifiers using the LM359: 


Rf 



FIGURE 3. Biasing an Inverting AC Amplifier 



FIGURE 6. Establishing the Output Set Current 

The output set current can be adjusted to optimize the 
amount of current the output of the amplifier can sink to 
drive load capacitance and for loads connected to V + . 
The maximum output sinking current is approximately 10 
times isET(OUT)-Th is set current is best used to reduce the 
total device supply current if the amplifiers are not re- 
quired to drive small load> impedances. 


Rf 



FIGURE 4. Biasing a Non-Inverting AC Amplifier 


•SEKIN) 

The input set current Iset(IN) is equal to the current flow- 
ing into pin 8. A resistor from pin 8 to V + sets this cur- 
rent to be: 



FIGURE 7. Establishing the Input Set Current 
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Application Hints (Continued) 

•set(IN) is most significant in controlling the AC 
characteristics of the LM359 as it directly sets the total 
input stage current of the amplifiers which determines 
the maximum slew rate, the frequency of the open loop 
dominant pole, the input resistance of the ( - ) input and 
the biasing current l b (-). All of these parameters are 
significant in wide band amplifier design. The input 
stage current is approximately 3 times Iset(IN) and by us * 
ing this relationship the following first order approxima- 
tions for these AC parameters are: 


3Iset ( in)(10- 6 ) 

S r(MAX)= max s,ew rate = (V/ M S) 

Ccomp 

frequency of „ 3> set(in) 

dominant pole" „ A ' Hz ' 

2n C comp Avol (0-026 V) 

150 (0.026 V) 

input resistance = /3re= (fi) 

3, SET(IN) 

where C comp is the total capacitance from the compen- 
sation pin (pin 3 or pin 13) to ground, A V0L is the low fre- 
quency open loop voltage gain In V/V and an ambient 
temperature of 25 °C is assumed (KT/q = 26 mV and 
/? typ = 150). Iset(IN) also controls the DC input bias cur- 
rent by the expression: 

3I set •set 

l b ( - ) = = — y~ for NPN (i = 150 

P 50 

which is important for DC biasing considerations. 

The total device supply current (for both amplifiers) is 
also a direct function of the set currents and can be ap- 
proximated by: 


•supply- 27 X •sET(OUT)+ H X IsET(IN) 


with each set current programmed by individual 
resistors. 

PROGRAMMING WITH A SINGLE RESISTOR 

Operating current programming may also be ac- 
complished using only one resistor by letting Iset<in> 
equal Iset(OUT)- The programming current is now referred 
to as l SET and it is created by connecting a resistor from 
pin 1 to pin 8 (Figure 8). 

V + -2 V BE 

•set = where V BE =0.6V 

Rset 'h "• 

v + 

j'SET 

,r set 



l SET(IN) = l SET(OUT) = ISET 

FIGURE 8. Single Resistor Programming of l SET 


This configuration does not affect any of the internal 
set current dependent parameters differently than 
previously discussed except the total supply current 
which is now equal to: 

•supply =37 X IsET 

Care must be taken when using resistors to program the 
set current to prevent significantly increasing the sup- 
ply voltage above the value used to determine the set 
current. This would cause an increase in total supply 
current due to the resulting increase in set current and 
the maximum device power dissipation could be ex- 
ceeded. The set resistor value(s) should be adjusted for 
the new supply voltage. 

One method to avoid this is to use an adjustable current 
source which has voltage compliance to generate the 
set current as shown in Figure 9. 


v + 



67.7 mV 

@25 °C 

r SET 


FIGURE 9. Current Source Programming of l SET 


This circuit allows l SET to remain constant over the en- 
tire supply voltage range of the LM359 which also im- 
proves power supply ripple rejection as illustrated in the 
Typical Performance Characteristics. It’should be noted, 
however, that the current through the LM334 as shown 
will change linearly with temperature but this can be 
compensated for (see LM334 data sheet). 

Pin 1 must never be shorted to ground or pin 8 never 
shorted to V + without limiting the current to 2 mA or 
less to prevent catastrophic device failure. 


CONSIDERATIONS FOR HIGH FREQUENCY 
OPERATION 

The LM359 is intended for use in relatively high frequen- 
cy applications and many factors external to the 
amplifier itself must be considered. Minimization of 
stray capacitances and their effect on circuit operation 
are the primary requirements. The following list con- 
tains some general guidelines to help accomplish this 
end: 

1. Keep the leads of all external components as short 
as possible. 

2. Place components conducting signal current from 
the output of an amplifier away from that amplifier’s 
non-inverting input. 

3. Use reasonably low value resistances for gain set- 
ting and biasing. 

4. Use of a ground plane is helpful in providing a 
shielding effect between the inputs and from input to 
output. Avoid using vector boards. 

5. Use a single-point ground and single-point supply 
distribution to minimize crosstalk. Always connect 
the two grounds (one from each amplifier) together. 
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Application Hints (Continued) 

6. Avoid use of long wires (> 2”) but if necessary, use 
shielded wire. 

7. Bypass the supply close to the device with a low in- 
ductance, low value capacitor (typically a .01 ,/iF 
ceramic) to create a good high frequency ground. If 
long supply’ leads are unavoidable, a small resistor 
(~1012) in series with the bypass capacitor may be 
needed and using shielded wire for the supply leads 
is also recommended. 


COMPENSATION 

The LM359 is internally compensated for stability with 
closed loop inverting gains of 10 or more. For an invert- 
ing gain of less than 10 and all non-inverting amplifiers 
(the amplifier always has 100% negative current feed- 
back regardless of the gain in the non-inverting con- 
figuration) some external frequency compensation is re- 
quired because the stray capacitance to ground from 
the (-) input and the feedback resistor add additional 
lagging phase within the feedback loop. The value of the 
input capacitance will typically be in the range of 6 pF 
to 10 pF for a reasonably constructed circuit board. 
When using a feedback resistance of 30 kfi or less, the 
best method of compensation, without sacrificing slew 
rate, is to add a lead capacitor in parallel with the feed- 
back resistor with a value on the order of 1 pF to 5 pF as 
shown in Figure 10. 


c f 



Another method of compensation is to increase the ef- 
fective value of the internal compensation capacitor by 
adding capacitance from the COMP pin of an amplifier 
to ground. An external 20 pF capacitor will generally 
compensate for all gain settings but will also reduce the 
gain bandwidth product and the slew rate. These same 
results can also be obtained by reducing I S et(IN) if the 
full capabilities of the amplifier are not required. This 
method is termed over-compensation. 

Another area of concern from a stability standpoint is 
that of capacitive loading. The amplifier will generally 
drive capacitive loads up to 100 pF without oscillation 
problems. Any larger C loads can be isolated from the 
output as shown in Figure 11. Over-compensation of the 
amplifier can also be used if the corresponding reduc- 
tion of the GBW product can be afforded. 


Rf 



FIGURE 11. Isolating Large Capacitive Loads 


In most applications using the LM359, the input signal 
will be AC coupled so as not to affect the DC biasing of 
the amplifier. This gives rise to another subtlety of high 
frequency circuits which is the effective series induc- 
tance (ESL) of the coupling capacitor which creates an 
increase in the impedance of the capacitor at high fre- 
quencies and can cause an unexpected gain reduction. 
Low ESL capacitors like solid tantalum for large values 
of C and ceramic for smaller values are recommended. 
A parallel combination of the two types is even better 
for gain accuracy over a wide frequency range. 


AMPLIFIER DESIGN EXAMPLES 

The ability of the LM359 to provide gain at frequencies 
higher than most monolithic amplifiers can provide 
makes it most useful as a basic broadband amplifica- 
tion stage. The design of standard inverting and non- 
inverting amplifiers, though different than standard op 
amp design due to the current differencing inputs, also 
entail subtle design differences between the two types 
of amplifiers. These differences will be best illustrated 
by design examples. For these examples a practical 
video amplifier with a passband of 8 Hz to 10 MHz and a 
gain of 20 dB will be used. It will be assumed that the in- 
put will come from a 7512 source and proper signal ter- 
mination will be considered. The supply voltage is 12 
V DC and single resistor programming of the operating 
current, l SET , will be used for simplicity. 


AN INVERTING VIDEO AMPLIFIER 

1. Basic circuit configuration: 

Rf 



2. Determine the required l SET from the characteristic 
curves for gain bandwidth product. 

GBW min = 10 x 10 MHz = 100 MHz 

For a flat response to 10 MHz a closed loop response 
to two octaves above 10 MHz (40 MHz) will be suffi- 
cient. 
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Application Hints (Continued) 

Actual GBW = 10 x 40 MHz = 400 MHz 

Iset required = 0.5 mA 

V + -2V BE 10.8V 

Rset = 1 K12 = 1 kfl = 20.6 kO 


SET 


0.5 mA 


3. Determine maximum value for R f to provide stable 
DC biasing 

i 3>set 100 ^A minimum DC 

* 


P 


' feedback current 


Optimum output DC level for maximum symmetrical 
swing without clipping is: 

V o<MAX) “ V o(MIN) 

V oDC(opt)= + V o(MIN) 

2 

(V + -3V BE )-2 mV 


2 


12 -1.8V 10.2V 

V oDC(opt)- = 5.1 V DC 

2 2 

Rf(MAX) can now be found: 

V 0 DC(opt)-V BE <- ) 5.1V -0.6 
R f(MAX) = = “ = 45 kO 

•f(MIN) 100 M A 

This value should not be exceeded for predictable 
DC biasing. 

4. Select R s to be large enough so as not to appreciably 
load the input termination resistance: 

R S ^750Q Let R s = 7500 

5. Select R f for appropriate gain: 

Rf 

Ay = — so; Rf = 10R S = 7.5 kfi 

R s 

7.5 kO is less than the calculated Rf(MAX) so DC 
predictability is insured. 

6. Since R f = 7.5k, for the output to be biased to 5.1 V DC , 
the reference current l !N ( + ) must be: 


5.1V-V BE (-) 5.1V-.6V 

l| N ( + ) = = = 600 M A 

R f 7.5 kfi 


Now R b can be found by: 

V + - V BE ( + ) 12-0.6 
R b = - - = = 19 kO 

I,n( + ) 600 /iA 

7. Select Cj to provide the proper gain for the 8 Hz 
minimum input frequency: 

1 1 

C,> = = 26 mF 

2n R s (f io W ) 2 rr (7500) (8 Hz) 


A larger value of Cj will allow a flat frequency 
response down to 8 Hz and a 0.01 /iF ceramic 
capacitor in parallel with Cj will maintain High fre- 
quency gain accuracy. 

8. Test for peaking of the frequency response and add a 
feedback “lead" capacitor to compensate if 
necessary. 

Final Circuit Using Standard 5% 

Tolerance Resistor Values: 


0.5 pF 



1M 10M 100M 


FREQUENCY (Hz) 

V 0 (DC) = 5.1V 

Differential phase errorCI 0 for 3.58 MHz f|N 
Differential gain error<0.5% for 3.58 MHz f|N 
f _3 dB low = 2.5 Hz 


A NON-INVERTING VIDEO AMPLIFIER 

For this case several design considerations must be 

dealt with. 

• The output voltage (AC and DC) is strictly a function 
of the size of the feedback resistor and the sum of AC 
and DC “mirror current” flowing into the ( + ) input. 

• The amplifier always has 100% current feedback 
so external compensation is required. Add a small 
(1 pF-5 pF) feedback capacitance to leave the 
amplifier’s open loop response and slew rate 
unaffected. 

• To prevent saturating the mirror stage the total AC 
and DC current flowing into the amplifier’s ( + ) input 
should be less than 2 mA. 

• The output’s maximum negative swing is one diode 
above ground due to the V BE diode clamp at the (-) 
input. 
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DESIGN EXAMPLE: 

e, N = 50 mV (MAX), f, N = 10 MHz (MAX), desired circuit 
BW = 20 MHz, A v = 20 dB, driving source impe- 
dance = 750, V + = 12V. 

1. Basic circuit configuration: 


6. The optimum output DC level for symmetrical AC 
swing is: 

V o<MAX) “ 1 * * * V o(MIN) 

V oDC{opt) + V o(MIN) 

2 


Cf 



2. Select l SET to provide adequate amplifier bandwidth 
so that the closed loop bandwidth will be deter- 
mined by R f and C f .To do this, the set current should 
program an amplifier open loop gain of at least 20 
dB at the desired closed loop bandwidth of the cir- 
cuit. For this example, an l SET of 0.5 mA will provide 
26 dB of open loop gain at 20 MHz which will be suf- 
ficient. Using single resistor programming for l SET : 

V + -2V be 

R set = 1 k0 = 20.6k0 

•set 

3. Since the closed loop bandwidth will be determined 


by R f and C f (f_ 3 dB = jto obtain a 20 MHz 

\ 2rt R f Cf/ 

bandwidth, both R f and C f should be kept small. It 
can be assumed that C f can be in the range of 1 pF 
to 5 pF for carefully constructed circuit boards to in- 
sure stability and allow a flat frequency response. 
This will limit the value of R f to be within the range 
of: 

1 1 

< Rf < 

2n 5 pF 20 MHz 2 n 1 pF 20 MHz 

or 1.6 kft<Rf<7.96 kO 

Also, for a closed loop gain of +10, R f must be 10 
times R s + r e where r e is the mirror diode resistance. 

4. So as not to appreciably load the 750 input termina- 
tion resistance the value of (R s + r^ is set to 7500. 

5. For A v = 10; R f is set to 7.5 kO. 


(12 — 1.8)V -0.6 V 

'= + 0.6V = 5.4V dc 

2 

7. The DC feedback current must be: 


V 0 DC(opt,~V BE (-) 5.4V -0.6V 

l FB = = 

R f 7.5k 

= 640 jiA = l, N ( + ) 

DC biasing predictability will be insured because 
640 fx A is greater than the minimum of l SET /5 or 
100 /iA. 

For gain accuracy the total AC and DC mirror cur- 
rent should be less than 2 mA. For this example the 
maximum AC mirror current will be; 

± e in peak ^ 50 mV 
= = ± 66 jiA 

R s + r e 7500 

therefore the total mirror current range will be 574 
/uA to 706 piA which will insure gain accuracy. 

8. R b can now be found: 

V + — V BE ( + ) 12-0.6 

R b = = 17.8 kO 

•in( + ) 640 fiA 

9. Since R s + r e will be 7500 and r e is fixed by the DC 
mirror current to be: 

KT 26 mV 

r e = = =400 at 25 °C 

d 1|N(+) 640 mA 

R s must be 7500-400 or 7100 which can be a 6800 
resistor in series with a 300 resistor which are 
standard 5% tolerance resistor values. 

10. As a final design step, Cj must be selected to pass 
the lower passband frequency corner of 8 Hz for 
this example. 

1 1 

Cj= = = 26.5 /uF 

2n(R s +re)f low 2n (7500) (8 HZ) 


A larger value may be used and a 0.01 ^F ceramic 
capacitor in parallel with Cj will maintain high fre- 
quency gain accuracy. 
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Application Hints (Continued) 


Final Circuit Using Standard 5% Tolerance Resistor Values: 


Circuit Performance: 


IpF 



12V 



1M 10M 100M 

FREaUENCY (Hz) 

Vo<DC) = 5.4V 

Differential phase error <0.5° 
Differential gain error <2% 
f -3 dB low = 2.5 Hz 


GENERAL PRECAUTIONS 

The LM359 is designed primarily for single supply 
operation but split supplies may be used if the negative 
supply voltage is well regulated as the amplifiers have 
no negative supply rejection. 

The total device power dissipation must always be kept 
in mind when selecting an operating supply voltage, the 
programming current, l SET , and the load resistance, par- 
ticularly when DC coupling the output to a succeeding 
stage. To prevent damaging the current mirror input 
diode, the mirror current should always be limited to 10 


mA, or less, which is important if the input is suscepti- 
ble to high voltage transients. The voltage at any of the 
inputs must not be forced more negative than -0.7V 
without limiting the current to 10 mA. 

The supply voltage must never be reversed to the 
device; however, plugging the device Into a socket 
backwards would then connect the positive supply 
voltage to the pin that has no internal connection (pin 5) 
which may prevent inadvertent device failure! 


Typical Applications 

DC Coupled inputs 

Inverting Non-Inverting 



v o(DC) = 


v + - V BE (+) v, N(DCr v BE (— ) 


Rb 


Rf 

A V(AC) = - — 


Rf + V B E(-) 



v o(DC) = v BE(-) + 


( v IN(DC)-VBE( + ))Rf 
Rs 


Rf 

a V(AC) = + 

Rs + r e( + ) 


• Eliminates the need for an input coupling capacitor 

• input DC level must be stable and can exceed the supply voltage of 
the LM359 provided that maximum input currents are not exceeded. 
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Typical Applications (Continued) 

Balanced Line Driver 



V + R3 V + -2f R6 V+-2+ 

For V 0 1 = Vq 2= , — = , — = where 0.6V 

2 R2 2(V + -*) R5 + 



• 1 MHz— 3 dB bandwidth with gain of 10 and 0 dbm into 60011 

• 0.3% distortion at full bandwidth; reduced to 0.05% with bandwidth of 10 kHz 

• Will drive Cl = 1500 pF with no additional compensation, ±0.01 \tF with C com p= 180 pF 

• 70 dB signal to noise ratio at 0 dbm into 6000, 10 kHz bandwidth 


Difference Amplifier 


Voltage Controlled Oscillator 
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Typical- Applications 

High Performance 2 Amplifier Biquad Filters) 


c 



• The high speed of the LM359 allows the center frequency Q 0 product of the filter to 
be : f 0 xQ 0 <5 MHz 

• The above filters) maintains performance over wide temperature range 

• One half of LM359 acts as a true non-inverting integrator so only 2 amplifiers (instead 
of 3 or 4) are needed for the biquad filter structure 


DC BiASING EQUATIONS FOR Vokoc^Vo^DC^V*' 2 


Type 1 

2 V IN(DC) 1 1 2 

+ -+ — ; R1=2R 

V + (R i2 ) R R q R b 

Type II 

112 

— ; R1=2R 

R Rq Rb 

Type III 

112 1 V IN(DC) 1 

R R q R b R1 V + (R (1 ) 2R 


ANALYSIS AND DESIGN EQUATIONS 


Type 

Voi 

o 

> 

C| 

R| 2 

R i1 


Qo 

f z (notch) 

EM 


H o(HP) 

Ho(BR) 

1 

BP. 

LP 

O 

R i2 

00 

VinRC 

Rq/R 

- 

R/R i2 

Rq/R»2 

- 

- 

II 

HP 

BP 

C i 

oo 

oo 

VanRC 

Rq/R 

- 

- 

R Q Ci/RC 

Cj/C 

- 

III 

Notch/ 

BR 


Cj 

oo 

Rn 

Vi nRC 

Rq/R 

Vzm/RRjCCj 




H 0 | =Ci/C 

If-^oo 

H 0 | = R/Rj 

If— 0 
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Typical Applications (Continued) 


Pulse Generator 


R1 



Output is TTL compatible 
Duty cycle is adjusted by R1 
Frequency is adjusted by C 


Vo 


XJL 


f = 1 MHz 
Duty cycle = 20% 


Crystal Controlled Sinewave Oscillator 


5 pF 



c Triangle Waveform Generator 

250 pF 
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LM192/LM292/LM392, LM2924 


National 

Semiconductor 


Operational Amplifiers/ Buffers 


LM192/LM292/LM392, LM2924 Low Power Operational 
Amplifier/Voltage Comparator 


General Description 


The LM192 series consists of 2 independent building 
block circuits. One is p high gain, internally frequency 
compensated operational amplifier, and the other is a 
precision voltage comparator. Both the operational 
amplifier and the voltage comparator have been specifi- 
cally designed to operate from a single power supply 
over a wide range of voltages. Both circuits have input 
stages which will common-mode input down to ground 
when operating from a single power supply. Operation 
from split power supplies is also possible and the low 
power supply current is independent of the magnitude 
of the supply voltage. 


Features 

■ Wide power supply voltage range 

Single supply 3V to 32V 

Dual supply ±1.5Vto±16V 

■ Low supply current drain— essentially independent of 

supply voltage 600 juA 

o Low input biasing current _ 50 nA 

■ Low input offset voltage 2 mV 

b Low input offset current 5 nA 

■ Input common-mode voltage range includes ground 

o Differential input voltage range equal to the power 
supply voltage 


Application areas include transducer amplifier with 
pulse shaper, DC gain block with level detector, VCO, 
as well as all conventional operational amplifier or 
voltage comparator circuits. Both circuits can be operated 
directly from the standard 5 Vqq power supply voltage 
used in digital systems, and the output of the compar- 
ator will interface directly with either TTL or CMOS 
logic. In addition, the low power drain makes the LM192 
extremely useful in the design of portable equipment. 


Advantages 


Eliminates need for dual power supplies 

An internally compensated op amp and a precision 

comparator in the same package 

Allows sensing at or near ground 

Power drain suitable for battery operation 

Pin-out is the same as both the LM158 dual op amp 

and the LM193 dual comparator 


ADDITIONAL OP AMP FEATURES 

■ Internally frequency compensated for unity gain 

■ Large DC voltage gain 100 dB 

■ Wide bandwidth (unity gain) 1 MHz 

■ Large output voltage swing 0V to V + — 1.5V 

ADDITIONAL COMPARATOR FEATURES 

■ Low output saturation voltage 250 mV at 4 mA 

■ Output voltage compatible with all types of logic 
systems 


Connection Diagrams (Top Views) 


(Amplifier A = Comparator) 

~ (Amplifier B = Operational Amplifier) 


Metal Can Package 


Dual-ln-Line Package 


NON-INVERTING ( 3 
INPUT A V- 



N0N-INVERTING 


INVERTING INPUT A 2 I 
(COMPARATOR) | 


NON-INVERTING 31 
INPUT A - ! 


P OUTPUT B 

(OP AMP) 


■ INVERTING INPUT E 


I s NON-INVERTING 

I INPUT B 


Order Number LM192H, LM292H or LM392H 
See NS Package H08C 


Order Number LM192J, LM292J, LM392J or LM2924J 
See NS Package J08A 

Order Number LM392N or LM2924N 
See NS Package N08B 
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Supply Voltage, V + 

Differential Input Voltage 

Input Voltage 

Power Dissipation (Note 1) 

Molded DIP (LM392N, LM2924N) 

Metal Can (LM192H/LM292H/LM392H) 
Output Short-Circuit to Ground (Note 2) 
Input Current (V|[\j < -0.3 Vqq) (Note 3) 
Operating Temperature Range 
LM392 
LM292 
LM192 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


/I192/LM292/LM392 

LM2924 

32V or ± 16V 

26V or ± 13V 

32V 

.26V 

-0.3V to +32V 

-0.3V to +26V 

570 mW 

570 mW 

830 mW 


Continuous 

Continuous 

50 mA 

50 mA 

0°C to +70° C 

-40° C to +85°C 

-25°C to +85° C 


-55° C to +125°C 


-65 6 C to +150°C 

-65°C to +150°C 

300°C 

300° C 


Electrical Characteristics (V + = 5 V0C' specifications apply to both amplifiers unless otherwise stated) (Note 4) 

~ I I LM192 I LM292/LM392 I LM2924 I ~ . 


PARAMETER CONDITIONS 

Input Offset Voltage Ta = 25°C, (Note 5) 

Input Bias Current IN(+) or IN(-), Ta = 25° C, 

(Note 6) 

Input Offset Current IN(+) — I N ( — ), Ta = 25°C 

Input Common-Mode Voltage V + = 30 Vqq ( Ta = 25°C, 
Range (Note 7) 

Supply Current R[_ = °°, Vqq = 30V, 

' (LM2924, Vqq= 26V) 

Supply Current R|_ = °°, Vqq = 5V 

Amplifier-to-Amplifier Coupling f = 1 kHz to 20 kHz, 

Ta = 25°C, Input Referred, 
(Note 8) 

Input Offset Voltage (Note 5) 

Input Bias Current IN(+) or IN(-) 

Input Offset Current IN( + )-IN(— ) 

Input Common-Mode Voltage V + = 30 Vqq, (Note 7) 
Range 

Differential Input Voltage Keep All V|n's > 0 Vqq 

(or V~, if Used), (Note 9) 

OP AMP ONLY 

Large Signal Voltage Gain V + = 15 Vqq (For Large 

V 0 Swing), R|_ = 2 k£2, 

T A = 25°C 

Output Voltage Swing R I = 2 k£2,' Ta = 25°C, 


Power Supply Rejection Ratio 
Output Current Source 


INH or IN( — ) 

IN( + ) - I N ( — ) 

V + = 30 Vqc, (Note 7) 

Keep All V|n's> 0 V D c 
(or V~, if Used), (Note 9) 


| LM292/LM392 | 

LM2924 


MAX MIN TYP 

MAX MIN 

TYP 

MAX 

±5 ' ±2 

±5 

±2 

±7 

150. 50 

250 

50 

250 

±25 ±5 

±50 

±5 

±50 

V+-1.5 0 

V + -1 .5 0 


V+-1.E 

2 1 

2 

1 

2 

1 0.5 

1 

' 05 

1 

-100 


-100 


±7 

±7 


±10 

300 

400 


500 

100 

150 


200 

V + -2 0 

V + -2 0 


V+-2 

32 

32 


26 


Output Current Sink 


V + = 15 Vqq (For Large 

V 0 Swing), R|_ = 2 k£2, 

T A = 25°C 

50 

100 

25 

100 


100 

R l = 2 kf2,' T A = 25°C, 
(LM2924, R L > lOkft) 

0 

V + -1 .5 

0 

V + -1 .5 

0 

V+-1.5 

DC, T a = 25° C 

70 

85 

65 

70 

50 

70 

DC, T A = 25°C 

65 

100 

65 

100 

50 

100 

V|N(+) = 1 Vqq, 

V | N ( — ) = 0 Vqq, 

V + = 15 V DC , 

Ta = 25°C 

20 

40 

20 

40 

20 

40 

V|N(— ) = 1 VDC. 

V|N(+) = 0 Vqq, 

V + = 15 V D C, 

V 0 > 1 Vqc. 

Ta= 25°C 

10 

20 

10 

20 

10 

20 

V|N(— ) = 1 V D q, 

V|N(+) = 0 Vqq, 

V+= 15 Vqq, V 0 = 200 mV, 
Ta = 25° C 

12 

50 

12 

50 

12 

50 
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Electrical Characteristics (Continued) 





LM192 



LM292/LM392 I 


LM2924 


UNITS 













MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage Drift 

R S = Oft 


7 



7 



7 


ZiV/°C 

Input Offset Current Drift 

RS = 0ft 


10 



10 



10. 


pAoc/° c 

COMPARATOR ONLY 

Voltage Gain 

R|_> 15kft, V + = 15 V D C. 
T A - 25°C 

50 

200 


50 

200 


25 

100 


V/jiV 

Large Signal Response Time 

V | m = TTL Logic Swing, 
VREF = 1.4 Voc 

Vrl = 5V DC . Rl = 5.1 kft, 
T A = 25°C 


300 



300 



300 


ns 

Response Time 

Vrl = 5V DC . Rl = 5.1 kft, 
T A = 25°C, (Note 10) 


1.3 



1.3 



1.5 


MS 

Output Sink Current 

V| N (— ) - 1 Vqc. 

V|N(+) = 0 Vqc. 
v 0 < 1.5 V DC . T A = 25°C 

6 

16 


6 

16 


6 

16 


mA 

Saturation Voltage 

V|N(— ) > 1 Vqc. 

V|N(+> = 0, 

'SINK <4 mA, 

T A = 25° C 


250 

400 


250 

400 



400 

mV 


V|N(— ) > 1 Vqc. 

V|N(+) = 0. 

•SINK<4 mA 



700 



700 



700 

mV 

Output Leakage Current 

V|N( — ) = 0, 

V|N(+) > 1 V DC , 

V 0 = 5 V DC , 

Ta = 25° C 


0.1 



0.1 



0.1 


nA 


V|N(-) = 0, 

V|N(+) > 1 V DC , 

V 0 = 30 V DC 



1.0 



1.0 



1.0 

MA 


Note 1: For operating at temperatures above 25° C # the LM392N and the LM2924N must be derated based on a 125°C maximum junction tem- 
perature and a thermal resistance of 175°C/W which applies for the device soldered in a printed circuit board, operating in still air ambient. The 
LM192H/LM292H/LM392H must be derated based on a 150°C maximum junction temperature and a thermal resistance of 1 50° C/W. The dissi- 
pation is the total of both amplifiers— use external resistors, where possible, to allow the amplifier to saturate or to reduce the power which is 
dissipated in the integrated circuit. 

Note 2: Short circuits from the output to V + can cause excessive heating and eventual destruction. The maximum output current is approximately 
40 mA for the op amp and 30 mA for the comparator independent of the magnitude of V + . At values of supply voltage in excess of 15V, contin- 
uous short circuits can exceed the power dissipation ratings and cause eventual destruction. 

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of 
the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral 
NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the amplifiers to go to the V + voltage level (or 
to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will 
re-establish when the input voltage, which was negative, again returns to a value greater than —0.3V (at 25°C). 

Note 4: These specifications apply for V + = 5V and -55°C < T/\ < +125°C, unless otherwise stated. For the LM292, all temperature specifica- 
tions are limited to -25°C < Ta < +85° C, the LM392 temperature specifications are limited to 0°C < T/\ < +70° C and the LM2924 temperature 
specifications are limited to -40°C < Ta < +85° C. 

Note 5: At output switch point, Vq = 1.4V, Rg = Oft with V + from 5V to 30V; and over the full input common-mode range (0V to V + — 1.5V). 
Note 6: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the 
state of the output so no loading change exists on the input lines. 

Note 7: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of 
the common-mode voltage range is V + - 1.5V, bUt either or both inputs can go to 32V without damage (26V for LM2924). 

Note 8: Due to proximity of external components, insure that coupling is not originating via the stray capacitance between these external parts. 
This typically can be detected as this type of capacitive increases at higher frequencies. 

Note 9: Positive excursions of input voltage may exceed the power supply level. As long as the other input voltage remains within the common- 
mode range, the comparator will provide a proper output state. The input voltage to the op amp should not exceed the power supply level. The 
input voltage state must not be less than —0.3V (or 0.3V below the magnitude of the negative power supply, if used) on either amplifier. 

Note 10: The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained. 
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LM216/LM316, LM216A/LM316A 




National Operational Amplifiers/ Buffers 

Semiconductor 


LM216/LM316, LM216A/LM316A Operational Amplifiers 

General Description 

These devices are precision, high input impedance Further, unlike most other internally compensated 


operational amplifiers designed for applications 
requiring extremely low input-current errors. They 
use supergain transistors in a Darlington input 
stage to get input bias currents that are equal to 
high-quality FET amplifiers-even in limited tem- 
perature range operation. The low input current is, 
however, obtained with some sacrifice to offset 
voltage, offset voltage drift and noise when com- 
pared to the non-Darlington LM112 series. Note- 
worthy specifications include: 

■ Guaranteed bias currents as low as 50 pA 

■ Maximum offset currents down to 15 pA 

■ Operates from supplies of ±3V to ±20V 

■ Supply current only 300 /iA at ±20V 

These operational amplifiers are internally fre- 
quency compensated and have provisions for offset 
balancing with a single external potentiometer. 


amplifiers, the MOS compensation capacitor is 
protected to prevent catastrophic failure from 
overvoltage spikes on the supplies. 

The low current error of these amplifiers make 
possible many designs that were previously im- 
practical with monolithic amplifiers. They will 
operate from 100 M£2 source resistances, intro- 
ducing less error than general purpose amplifiers 
with 10 k£2 sources. Integrators with worst case 
drifts less'than 10/uV/sec and analog time delays in 
excess of one day can also be made using capa- 
citors no larger than 1 juF. 

The LM216A and LM316A are high performance 
versions of the LM216 and LM316. The LM216 
and LM216A are specified for operation from 
-25° C to 85° C, while the LM316 and LM316A 
are specified from 0°C to 55°C. 



Schematic Diagram** Auxiliary Circuits** 



**Pin connections shown are for metal can.. 


Connection Diagrams 

Metal Can Package 


BALANCE 



TOP VIEW 


Order Number LM216H or 
LM216AH or LM316H or 
LM316AH 

See NS Package H08C 




Absolute Maximum Ratings 

Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Current (Note 2) 

Input Voltage (Note 3) 

Output Short-Circuit Duration 
Operating Temperature Range LM216/LM216A 
LM316/LM316A 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


±20V 
500 mW 
±10 mA 
±15V 
Indefinite 
-25°C to 85° C 
0°C to 70°C 
-65°C to 1 50° C 
300°C 


Electrical Characteristics (Note 4) 


PARAMETER 

CONDITIONS 

LM216A 

LM216 

LM316A 

LM316 

UNITS 

Input Offset Voltage 

T a = 25°C, Max 

3 

10 

3 

10 

mV 

Input Offset Current 

T A = 25°C, Max 

15 

50 

15 

50 

PA 

Input Bias Current 

T a = 25° C, Max ' 

50 

150 

50 

150 

PA 

Input Resistance 

T a = 25°C, Min 

5 

1 

5 

1 

Gtt 

Supply Current 

T a = 25°C, Max 

0.6 

0.8 

0.6 

0.8 

mA 

Large Signal Voltage Gain 

T a = 25° C, V s = ±15V, 

V OUT = ±10V, R l > 10 kH, 
Min 

40 

20 

40 

20 

V/mV 

Input Offset Voltage 

Max 

6 

15 

6 

15 

mV 

Input Offset Current 

Max 

30 

100 

30 

100 

pA 

Input Bias Current 

Max 

100 

250 

100 

250 

PA 

Supply Current 

Ta = T MA x, Max 

0.5 


0.5 


mA 

Large Signal Voltage Gain 

V s = ±15V, V OUT = ±10V, 

R L > 10 kfi, Min 

20 

10 

30 

15 

V/mV 

Output Voltage Swing 

V s =±15V, R l = 10 kJ2, 

Min 

±13 

±13 

±13 

±13 

V 

Input Voltage Range 

V s = ±1 5V, Min 

±13 

±13 

±13 

±13 

V 

Common-Mode Rejection Ratio 

Min 

80 

80 

80 

80 

dB 

Supply Voltage Rejection Ratio 

Min 

80 

80 

80 

80 

dB 


Note 1: The maximum junction temperature of the LM216 and LM216Ais 10Q°C, while that of the 
LM316 and LM316A is 70°C. For operating at elevated temperatures, devices in the TO-5 package 
must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction 
to case. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, 
excessive current will flow if a differential input voltage in excess of IV is applied between the inputs 
unless some limiting resistance is used. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 4: These specifications apply for ±5V < Vs <±20V and -25°C < T A <85°C, unless otherwise 
specified. With the LM316 and LM316A however, all temperature specifications are limited to 0°C<C 
T A < 55° C. 
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LM216/LM316, LM216A/LM316A 


Typical Performance Characteristics 

Input Currents Offset Error 
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Output Swing 


Supply Current 


■ T a = -25°C_ 
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1 f— 

T a = 85°C 


10 15 

SUPPLY VOLTAGE (±V) 



Ta 
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g 

P 



2 300 
cc 


Ta 
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n 

"T 
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Ta 
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National 

Semiconductor 


Operational Amplifiers/ Buffers 


LM709/LM709A/LM709C Operational Amplifier 

General Description 


The LM709 series are a monolithic operational 
amplifier intended for general-purpose applications. 
Operation is completely specified over the range of 
voltages commonly used for these devices. The 
design, in addition to providing high gain, mini- 
mizes both offset voltage and bias currents. Further, 
the class-B output stage gives a large output 
capability with minimum power drain. 

External components are used to frequency com- 
pensate the amplifier. Although the unity-gain 
compensation network specified will make the 
amplifier unconditionally stable in all feedback 


configurations, compensation can be tailored to 
optimize high-frequency performance for any gain 
setting. 

The fact that the amplifier is built on a single 
silicon chip provides low offset and temperature 
drift at minimum cost. It also ensures negligible 
drif ( t due to temperature gradients in the vicinity 
of the amplifier. 

The LM709C is commercial-industrial version of 
the LM709. It is identical to the LM709/LM709A 
except that it is specified for operation from 0°C 
to +70°C. 


Schematic Diagram" 


Typical Applications’ 


Unity Gain Inverting Amplifier 



*Pin connections shown are for metal can package. 


•To be used with any 
capacitive loading on output 



FET Operational Amplifier 



•To be used with any capacitive 
loading on output 


Connection Diagrams 


Metal Can Package 



Order Number LM709H or LM709CH 
See NS Package H08C 


Dual-1 n-Line Package 



DuaMn-Line Package 



Order Number LM709CN 
See NS Package N14A 


Order Number LM709CN-8 
See NS Package N08A 
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LM709/LM709A/LM709C 




LM709/LM709A/LM709C 


Absolute Maximum Ratings 




LM709/LM709A 

LM709C 

Supply Voltage 

±18V 

±18V 

Power Dissipation (Note 1) 

300 mW 

250 mW 

Differential Input Voltage 

±5V 

±5V 

Input Voltage 

±10V 

±10V 

Output Short-Circuit Duration (Ta = 25°C) 

5 seconds 

5 seconds 


TMIN TmaX 

Tmin tmax 

Storage Temperature Range 

-65° C to +150°C 

-65° C to +150°C 

Operating Temperature Range 

-55°C to +125°C 

0°C to +70°C 

Lead Temperature (Soldering, 10 seconds) 

300° C 

300°C 

Electrical Characteristics (Note 21 



PARAMETER 

CONDITIONS 

MIN 

LM709A 

TYP 

MAX 

MIN 

LM709 

TYP 

MAX 

MIN 

LM709C 

TYP 

MAX 

UNITS 

Input Offset Voltage 

Ta = 25°C, Rg< 10kS2 


0.6 

2.0 


1.0 

5.0 


2.0 

7.5 

mV 

Input Bias Current 

Ta = 25°C 


100 

200 


200 

500 


300 

1500 

nA 

Input Offset Current 

T A = 25°C 


10 

50 


50 

200 


100 

500 

nA 

Input Resistance 

Ta = 25°C 

350 

700 


150 

400 


50 

250 


k£2 

Output Resistance 

Ta = 25°C 

150 | 

150 j 

150 | 

a 

Supply Current 

Ta = 25°C, Vg = ±15V 


2.5 

3.6 


2.6 

5.5 


2.6 

6.6 

mA 

Transient Response 

V||\| = 20 mV, C L <100 pF 











Risetime 

Ta = 25°C 



1.5 


0.3 

1.0 


0.3 

1.0 

ps 

Overshoot 




30 


10 

30 


10 

30 

% 

Slew Rate 

Ta = 25° C 

0.25 

0.25 

0.25 

V/ps 

Input Offset Voltage 

Rg<10kft * 

3.0 

6.0 

10 

mV 

Average Temperature Coefficient 
of Input Offset Voltage 

R S - 500 T A = 25»C.oT MAX 

T A = 25CtoTM|N 


1.8 

1.8 

10 

10 


3.0 

6.0 



6.0 

12 


pV/°C 

mv/°c 


R S = 10kB T A = 25°C,0T MAX 
T A = 25CtoTMIN 


2.0 

4.8 

15 

25 








Large Signal Voltage Gain • 

Vg = ±15V, R L >2k£2 

VoUT = ±10V 

25 


70 

25 

45 

70 

15 

45 


V/mV 

Output Voltage Swing 

Vg = ±15V, R L = lOkft 

±12 

±14 


±12 

±14 


±12 

±14 


V 


Vg = ±15V, R L = 2k£2 

±10 

±13 


±10 

±13 


±10 

±13 


V 

Input Voltage Range 

Vg = ±15V 

[ ±8.0 

±8.0 

±10.0 


±8.0 

±10 


V 

Common-Mode Rejection Ratio 

Rg< 10 kft 

80 

110 


70 

90 


65 

90 


dB 

Supply Voltage Rejection Ratio 

Rg < 10 kf2 


40 

100 


25 

150 


25 

200 

juV/V 

Input Offset Current 

ta = tmax 


3.5 

50 


20 

200 


75 

400 

nA 


Ta = TmIN 


40 

250 


100 

500 


125 

750 

nA 

Input Bias Current 

ta = tmin 


0.3 

0.6 


0.5 

1.5 


0.36 

2.0 

ma 

Input Resistance 

ta = t min 

85 

170 


40 

100 


50 

250 


k£2 


Note 1: For operating at elevated temperatures, the device must be derated based on a 150°C maximum junction temperature for LM709/LM709A 
and 100°C maximum for LM709C and a thermal resistance of 150° C/W junction to ambient or 45°C/W, junction to case for the metal can package. 
Note 2: These specifications apply for -55° C < Ta < +125°C for LM709/LM709A and 0°C < Ta < +70° C for LM709C with the following 
conditions: ±9V<V S < ±15V, Cl =5000 pF,R1 = 1.5k, C2 = 200 pF and R2 = 51tt. ' 
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OUTPUT VOLTAGE SWING (±V) 


Typical Applications (Continued) 


Voltage Follower 

I R3t 



*To be used with any 
capacitive loading on output. 
tShould be equal to 
dc source resistance on input. 


Offset Balancing Circuit 


R3^ Cl 
430K >50Q0pF 


* To be used with any capacitive 
loading on output 


Guaranteed Performance Characteristics 


Output Voltage Swing 



9 10 11 12 13 14 15 

SUPPLY VOLTAGE (±V) 


Input Common-Mode 
Voltage Range 


Tmin<Ta<Tmax - 

— 






- 


■■■■inn 








IIKHII 



-m . t . 




10 11 12 13 14 15 

SUPPLY VOLTAGE (±V) 


Maximum Power 
Dissipation 


■ METAL CAN PACKAGE 

MOUNTED FLAT PACKAGE- 

(NOTEIj | 1 1 | 

•5 45 65 85 105 125 

AMBIENT TEMPERATURE (°C) < 


Voltage Gain 

1 ITTTTTTTT'rrn 

MAX IMIMU^ - 

■ ** ^ ~ 

1 MINIMUM (LM709C ~~ 

9 10 11 12 13 14 15 

SUPPLY VOLTAGE (±V) 


Supply Current 


10 11 12 13 14 15 

SUPPLY VOLTAGE (±V) 
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National Operational Amplifiers/Buffers 

Semiconductor 


LM725/LM725A/LM725C (Instrumentation) Operational 


Amplifier 

General Description 

The LM725/LM725A/LM725C are operational am- 
plifiers featuring superior performance in applica- 
tions where low noise, low drift, and accurate 
closed-loop gain are required. With high common 
mode rejection and offset null capability, it is 
especially suited for low level instrumentation 
applications over a wide supply voltage range. 

The LM725A has tightened electrical performance 
with higher input accuracy and like the LM725, is 
guaranteed over a -55°C to +125°C temperature 
range. The LM725C has slightly relaxed specifica- 
tions and has its performance guaranteed over a 
0°C to 70°C temperature range. 


Features 


High open loop gain 

3,000,000 

Low input voltage drift 

0.6juV/°C 

High common mode rejection 

120 dB 

Low input noise current 

0.15 pA/\/Hz 

Low input offset current 

2 nA 

High input voltage range 

±14V 

Wide power supply range 

±3V to ±22 V 

Offset null capability 


Output short circuit protection 



Schematic and Connection Diagrams 



Voltage Offset Null Circuit 


Frequency Compensation Circuit 



Compensation Component Values 


a vcl 

R1 

(S l) 

Cl 

(pF) 

R2 

U2) 

C2 

(mF) 

10,000 

1,000 

100 

10 

1 

10K 

470 

47 

27 

10 

50 pF 
001 

01 

05 

05 

270 

39 

0015 

02 



Metal Can Package 



TOP VIEW 

Order Number LM725H or 
LM725AH or LM725CH 
See NS Package H08C 


Dual-ln-Line Package 


OFFSET , 


INVERTING , 
INPUT 


NON INVERTING 
INPUT 1 



TOP VIEW 

Order Number LM725CN 
See NS Package N08B 
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LM725/LM725A/LM725C 


Absolute Maximum Ratings 

Supply Voltage ±22V Operating Temperature Range Ta(min) Ta(MAX) 

Internal Power Dissipation (Note 1) 500 mV LM725 -~55°C to +125°C 

Differential Input Voltage ±5V LM725A -55°C to +125°C 

Input Voltage (Note 2) ±22 V LM725C 0°C to +70°C 

Storage Temperature Range -65°C to +150° C 

Lead Temperature (Soldering, 10 sec) 300°C 

Electrical Characteristics (Note 3> . . 

PARAMETER 

CONDITIONS 

LM725A 

LM725 

LM725C 

UNITS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Input Offset Voltage (Without 

Ta = 25°C, Rs<10k« 

0.5 

0.5 1.0 

0.5 2.5 

mV 

External Trim) 






Input Offset Current 

Ta = 25°C 

2.0 5.0 

2.0 20 

2.0 35 

nA 

Input Bias Current 

Ta = 25°C 

42 80 

42 100 

42 125 

nA 

Input Noise Voltage 

Ta = 25° C 






f 0 = 10 Hz 

15 

15 

15 

nVA/fiz 


f D = 100 Hz 

9.0 

9.0 

9.0 

nV/v/Hz 


f 0 = 1 kHz 

8.0 

8.0 

8.0 

nVA/Hz 

Input Noise Current 

Ta = 25° C 






f 0 = 10 Hz 

1.0 

1.0 

1.0 

pAA/Hz 


f 0 = 100 Hz 

0.3 

0.3 

0.3 

pA/n/Hz 


f 0 = 1 kHz 

0.15 

0.15 

0.15 

pAA/Hz 

Input Resistance 

Ta = 25° C 

1.5 

1.5 

1.5 

Mft 

Input Voltage Range' 

Ta = 25° C 

±13.5 ±14 

±13.5 ±14 

±13.5 ±14 

V 

Large Signal Voltage Gain 

Ta = 25°C,Ri_>2ka 

1000 3000 

1000 3000 

250 3000 

V/ mV 


VOUT = ±10V 





Common-Mode Rejection Ratio 

Ta = 25°C, Rs<10kfi 

120 

110 120 

94 120 

dB 

Power Supply Rejection Ratio 

Ta - 25° C, Rs< 10 kn 

2.0 5.0 

2.0 10 

2.0 35 

' juV/V 

Output Voltage Swing 

Ta = 25° c. 




■ ■ 


Rl> 10kn 

±12.5 ±13.5 

±12 ±13.5 

±12 ±13.5 

■1 


R|_> 2k£2 

±12.0 ±13.5 

±10 ±13.5 

±10 ±13.5 


Power Consumption 

Ta = 25° C 

80 105 

80 105 

80 150 


Input Offset Voltage (Without 

RS< 10 kQ 

0.7 

1.5 

3.5 

mV 

External Trim) 






Average Input Offset Voltage Drift 

RS = 50f2 

1 2.0 

2.0 5.0 

2.0 

/uV/°C 

(Without External Trim) 






Average Input Offset Voltage Drift 

RS = 50fi 

0.6 1.0 

0.6 

0.6 

MV/°C 

(With External Trim) 






Input Offset Current 

Ta = Tmax 

1.2 4.0 

1.2 20 

1.2 35 

nA 


Ta = t min 

7.5 18.0 

7.5 40 

4.0 • 50 

nA 

Average Input Offset Current Drift 


35 90 

35 150 

10 

pA/°C 

Input Bias Current 

ta = tmax 

20 70 

20 100 

125 

nA 


TA = T M |N 

80 180 

80 200 

250 

nA 

Large Signal Voltage Gain 

R|_>2kft 






ta = tmax 

' 1,000,000 

1,000,000 

125,000 

V/V 


R|_>2kfi 






ta = Tmin 

500,000 

250,000 

125,000 

V/V 

Common-Mode Rejection Ratio 

RS< lOkfi 

110 

100 

115 

dB 

Power Supply Rejection Ratio 

RS<10kJ2 

8.0 

20 

20 

AiV/V 

Output Voltage Swing 

RL>2kfi 

±12 

±10 

±10 

V 

Note 1 : Derate at 150°C/W fqr operation at ambient temperatures above 75° C. 




Note 2: For supply voltages less than ±22V, the absolute maximum input voltage is equal to the supply voltage. 


Note 3: These specifications apply for Vg = ±15V unless otherwise specified. 
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Typical Performance Characteristics 


Open Loop Voltage Gain vs 
Temperature for Various 
Supply Voltages 


Nulled Input Offset 
Voltage vs Temperature 
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Unnulled Input Offset 
Voltage vs Temperature 
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vs Temperature 
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National 

Semiconductor 


Operational Amplifiers/ Buffers 


LM741/LM741A/LM741C/LM741E Operational Amplifier 

General Description 


The LM741 series are general purpose operational 
amplifiers which feature improved performance 
over industry standards like the LM709. They are 
direct, plug-in replacements for the 709C, LM201 , 
MCI 439 and 748 in most applications. 


The amplifiers offer many features which make 
their application nearly foolproof: overload pro- 


tection on the input and output, no latch-up when 
the common mode range is exceeded, as well as 
freedom from oscillations. 

The LM741C/LM741 E are identical to the 
LM741/LM741 A except that the LM741C/ 
LM741E have their performance guaranteed over 
a 0°C to +70°C temperature range, instead of 
-55°C to +125°C. 


Schematic and Connection Diagrams (Top Views) 



Metal Can Package 



Order Number LM741H, LM741AH, 
LM741CH or LM741EH 
See NS Package H08C 


Dual-In-Line Package 


Pual-ln-Line Package 




Order Number LM741CN or LM741EN 
See NS Package N08B 
Order Number LM741CJ 
See NS Package J08A 


Order Number LM741CN-14 
See NS Package N14A 
Order Number LM741J-14, LM741AJ*14 
or LM741CJ-14 
See NS Package J14A 
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M741/LM741A/LM741C/LM741E 




LM741/LM741A/LM741C/LM741E 


Absolute Maximum Ratings 

LM741A 

Supply Voltage ±22V 

Power Dissipation (Note 1 ) 500 mW 

Differential Input Voltage ±30 V 

Input Voltage (Note 2) ±15V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range -55° C to +1 25° C 

Storage Temperature Range -65°C to +1 50°C 

Lead Temperature 300° C 

(Soldering, 10 seconds) 

Electrical Characteristics (Note 3) 

LM741E 

±22V 
'500 mW 
±30V 
±15V 
Indefinite 

0°C to +70°C 
-65°Cto+150°C 
300° C 

LM741 LM741C 

±22V ±18V 

500 mW 500 mW 

±30V ±30 V 

±15V ±15V 

Indefinite Indefinite 

-55°C to +1 25° C 0°C to +70°C 

-65° C to +150°C -65° C to +150°C 

300° C 300°C 


CONDITIONS 

LM741A/LM741E 

LM741 

LM741C 

UNITS 

MIN TVP MAX 

MIN TYP MAX 

K3CHEE3KS9 

Input Offset Voltage 

T A = 25° C 






Rg < 10 kft 


1 .0 5.0 

2.0 6.0 

mV 


R S < 50ft 

0.8 3.0 



^ mV 


tamin<t a <t A max 






RS < 50ft 

4.0 



mV 


RS < 10 kft 


6.0 

7.5 

mV 

Average Input Offset 


15 



pV/* C 

Voltage Drift 






Input Offset Voltage 

T A = 25°C, Vg = ±20V 

±10 

±15 

±15 

mV 

Adjustment Range 






Input Offset Current 

TA = 25° C 

3.0 30 

20 200 

20 200 

nA 


Tamin<Ta<Tamax 

70 

85 500 

300 

nA 

Average Input Offset 


0.5 



nA/°C 

Current Drift 






Input Bias Current 

Ta = 25°C 

30 80 

80 500 

80 500 

nA 


Tamin<t a <t A max 

0.210 

1.5 

0.8 


Input Resistance 

Ta = 25°C, Vg = ±20V 

1.0 6.0 

0.3 2.0 

0.3 2.0 

Mft 


TAMIN<TA<TAMAX< 

0.5 



Mft 


Vg = ±20V 





nput Voltage Range 

T A = 25°C 



±12 ±13 

V 


Tamin<t a <t A max 


±12 ±13 


V 

Large Signal Voltage Gain 

T A = 25°C, R L >2kft 






Vg - ±20V, Vq - ±15V 

50 



V/m V 


Vg = ±15V, V 0 = ±10V 


50 200 

20 200 

V/mV 


tamin <Ta<TaMAX. 






R|_ > 2 kft. 






Vg = ±20V, V 0 = ±1 5V 

32 



V/ mV 


Vg = ±15V, V 0 - ±10V 


25 

15 

V/mV 


Vg = ±5V, Vo = ±2V 

10 



V/mV 

Output Voltage Swing 

Vg = ±20V 






RL> 10kft 

±16 



V 


R L > 2 kft 

±15 



V 


Vg - ±15V 






R|_ > 10 kft 


±12 ±14 

±12 ±14 

V 


Rl_ > 2 kft 


±10 ±13 

±10 ±13 

V 

Output Short Circuit 

T A = 25° C 

10 25 35 

25 

25 

mA 

Current 

tamin <t a <t A max 

10 40 



mA 

Common-Mode 

tamin <t a <t A max 





Rejection Ratio 

Rg < 10 kft, Vqm = ±12V 


70 90 

70 90 

dB 


Rg < 50 kft; Vqm = ± i 2 v 

80 95 


! 

dB 
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Electrical Characteristics (Continued) 



CONDITIONS 

LM741A/LM741E 

LM741 

LM741C 

UNITS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Supply Voltage Rejection 

TAMIN<TA<TAMAX< 





Ratio 

Vs - ±20V to Vs = ±5V 






RS < 50ft 

86 96 



dB 


RS< 10 kft 


77 96 

77 96 

dB 

Transient Response 

Ta = 25°C, Unity Gain 





Rise Time 


0.25 0.8 

0.3 

0.3 

ps 

Overshoot 


6.0 20 

5 

5 

% 

Bandwidth (Note 4) 

T A = 25°C 

0.437 1.5 



MHz 

Slew Rate 

Ta = 25°C, Unity Gain 

0.3 0.7 

0.5 

0.5 

V/ps 

Supply Current 

T A = 25°C 


1.7 2.8 

1.7 2.8 

mA 

Power Consumption 

T A = 25°C 






Vs= ±20V 

80 150 



mW 


Vs = ±15V 


50 85 

50 85 

mW 

LM741A 

Vs = ±20V 






ta = tamin 

165 



mW 


ta = Tamax 

135 



mW 

LM741E 

Vs = ±20V 

150 



mW 


Ta = Tamin 

150 



mW 


ta = Tamax 

150 



mW 

LM741 

Vs - ±15V 






ta = Tamin 


60 100 


mW 


ta = Tamax 


45 . 75 

- 

mW 


Note 1: The maximum junction temperature of the LM741/LM741 A is 150°C, while that of the LM741 C/LM741 E is 100°C. For operation at 
elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W junction to ambient, or 45°C/W 
junction to case. The thermal resistance of the dual-in-line package is 1 00° C/W junction to ambient. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: Unless otherwise specified, these specifications apply for Vg = ±15V, -55°C < T/\ < +125°C (LM741/LM741 A). For the LM741C/ 
LM741 E, these specifications are limited to 0°C < Ta < +70° C. 

Note 4: Calculated value from: BW (MHz) = 0.35/Rise Time(ps). 
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LM747/LM747A/LM747C/LM747E 



National 

Semiconductor 


Operational Amplifiers/ Buffers 


LM747/LM747A/LM747C/LM747E Dual Operational 
Amplifiers 


General Description 

The LM747 series are general purpose dual 
operational amplifiers. The two amplifiers share 
a common bias network and power supply 
leads. Otherwise, their operation is completely 
independent. 


Features 

■ No frequency compensation required 

■ Short-circuit protection 

■ Wide common-mode and differential voltage 
ranges 


■ Low-power consumption 

■ No latch-up 

■ Balanced offset null 

Additional features of the LM747 and LM747C 
are: no latch-up when input common mode range 
is exceeded, freedom from oscillations, and pack- 
age flexibility. 

The LM747C/LM747E is identical to the LM747/ 
LM747A except that the LM747C/LM747E has its 
specifications guaranteed over the temperature 
range from 0°C to +70° C instead of ~55°C to 
+125°C. 


Schematic Diagram (each amplifier) 



Note: Numbers in parentheses are pin numbers for amplifier B. DIP only. 
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Absolute Maximum Ratings 

Supply Voltage LM747/LM747A ±22V 

LM747C/LM747E ±18V 

Power Dissipation (Note 1) 800 mW 

Differential Input Voltage ±30V 

Input Voltage (Note 2) ±15V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range 

LM747/LM747A -55°C to +125°C 

LM747C/LM747E 0°C to +70°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note 3) 

PARAMETER 

CONDITIONS 

LM747A/LM747E 

LM747 

LM747C 


MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Input Offset Voltage 

Ta = 25° C 






RS< io kn 


1 .0 5.0 

2.0 6.0 

mV 


Rs < 50H 

0.8 3.0 



mV 


TaMIIM <Ta<TaMAX 






Rs < 50n 

4.0 



mV 


RS < .10 kQ. 


6.0 

7.5 

mV 

Average Input Offset 


15 



pV/°C 

Voltage Drift 






Input Offset Voltage 

Ta = 25° C, Vs = ±20V 

±10 

±15 

±15 

mV 

Adjustment Range 






Input Offset Current 

Ta = 25° C 

3.0 30 

20 200 

20 200 

nA 


tamin<t a <tamax 

70 

85 5p0 

300 

nA 

Average Input Offset 


0.5 



nA/°C 

Current Drift 






Input Bias Current 

Ta = 25° c 

30 80 

80 500 

80 500 

nA 


TaMIN <Ta<TaMAX 

0.210 

1.5 

0.8 


Input Resistance 

Ta = 25°C, V S = ±20V 

1.0 6.0 

0.3 2.0 

0.3 2.0 

Mn 


TaMIN <Ta<TaMAX. 

0.5 



Mn 


Vs= ±20V 





Input Voltage Range 

T A = 25°c 



±12 ±13 

V 


TaMIN <T A <T A MAX 

±12 ±13 

±12 ±13 


V 

Large Signal Voltage Gain 

Ta = 25°C, R(_> 2 kn 






Vs= ±20V, V 0 = ±1 5V 

50 



V/mV 


Vs= ±15V, Vo = ±10V 


50 200 

20 200 

VfmV 


t AMIN <Ta<TaMAX. 






R [_ > 2 kn. 






Vs= ±20V ( Vq = ±15V 

32 



V/mV 


Vs = ±1 5V, Vq = ±10V 


25 

15 

V/mV 


Vs = ±5V ( Vo = ±2V 

10 



V/mV 

Output Voltage Swing 

Vs = ±20V 






rl> io kn 

±16 



V 


R l >2 kn 

±15 



V 


Vs = ±15V 






r l > io kn 


±12 ±14 

±12 ±14 

V 


Rl>2 kn 


±10 ±13 

±10 ±13 

V 

Output Short Circuit 

Ta = 25° c 

10 25 35 

25 

25 

mA 

Current 

Tamin <T A <T A MAX 

10 40 



mA 

Common-Mode 

Tamin <t a <t A max 





Rejection Ratio 

Rs< 10 kn, V C M = ±12v 


70 90 

70 90 

dB 


Rs<50 kn, Vcm = ±12V 

80 95 



dB 
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LM747/LM747A/LM747C/LM747E 


Electrical Characteristics (Continued) 



CONDITIONS 

LM747A/LM747E 

LM747 

LM747C 

UNITS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Supply Voltage Rejection 

TAMIN <TA<TAMAX< 





Ratio 

Vs = ±20 V to V S = ±5V 






RS < 50J2 

86 96 



dB 


RS < 10 kf2 


77 96 

77 96 

dB 

Transient Response 

Ta = 25°C, Unity Gain 





Rise Time 


0.25 0.8 

0.3 

0.3 

jus 

Overshoot 


6.0 20 

5 

5 

% 

Bandwidth (Note 4) 

T A = 25° C 

0.437 1.5 



MHz 

Slew Rate 

TA = 25°C, Unity Gain 

0.3 0.7 

0.5 

0:5 

V/jus 

Supply Current/Amp 

T A = 25° C 

2.5 

1.7 2.8 

1.7 2.8 

mA 

Power Consumption/Amp 

T A = 25° C 






Vs = ±20V 

80 150 



mW 


Vs = ±15V 


50 85 

50 85 

mW 

LM747A 

Vs = ±20V 






ta = t A min 

165 



mW 


t a = tamax 

135' 



mW 

LM747E 

Vs = ±20V 

150 



mW 


Ta = TaMIN 

150 



mW 


Ta = TaMAX 

150 



mW 

LM747 

Vs=±15V 






Ta = TaMIN 


60 100 


mW 


Ta = TaMAX 


45 75 


mW 


Note 1: The maximum junction temperature of the LM747/LM747A is 150°C, while that of the LM747C/LM747E is 100°C. For operating at 
elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 1 50° C/W, junction to ambient, or 45° C/W, 
junction to case. The thermal resistance of the dual-in-line package is 100° C/W, junction to ambient. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: These specifications apply for ±5V < V s < ±20V and -55°C < T A < 125°C for the LM747A and 0°C < T A < 70°C for the LM747E 
unless otherwise specified. The LM747 and LM747C are specified for Vg = ±15V and — 55° C < T A < 125°C and 0°C < T A < 70°C, respectively, 
unless otherwise specified. 

Note 4: Calculated value from: 0.35/Rise Time (jus). 
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Typical Performance Characteristics 


Input Bias and Offset Currents 
vs Ambient Temperature 
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Frequency Characteristics vs 
Ambient Temperature 
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Frequency Characteristics vs 
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Frequency 
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LM747/LM747A/LM747C/LM747E 







LM747/LM747A/LM747C/LM747E 


Typical Performance Characteristics (Continued). 


Input Resistance and Input 
Capacitance vs Frequency 



FREQUENCY (Hi) 


Broadband Noise for 
Various Bandwidths 



Input Noise Voltage and 
Current vs Frequency 



Voltage Follower Large 
Signal Pulse Response 



0 20 40 60 80 100 120 

TIME (ps) 


Connection Diagrams 



Order Number LM747AH, LM747H, 
LM747EH or LM747CH 
See NS Package H10C 


Order Number LM747AJ, LM747J, 
LM747EJ or LM747CJ 
See NS Package J14A 
Order Number LM747EN or LM747CN 
See NS Package N14A 


**V + A and V + B are internally connected for LM747AJ, LM747CJ etc. 
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National 


Semiconductor 


Operational Amplifiers/ Buffers 


LM748/LM748C Operational Amplifier 

General Description 


The LM748/LM748C is a general purpose opera- 
tional amplifier built on a single silicon chip. The 
resulting close match and tight thermal coupling 
gives low offsets and temperature drift as well as 
fast recovery from thermal transients. In addition, 
the device features: 

P Frequency compensation with a single 30 pF 
capacitor 

■ Operation from ±5V to ±20V 

■ Low current drain: 1.8 m A at ±20V 


■ No latch-up when common mode range is 
exceeded. 

■ Same pin configuration as the LM101 . 

The unity-gain compensation specified makes the 
circuit stable for all feedback configurations, even 
with capacitive loads. However, it is possible to 
optimize compensation for best high frequency 
performance at any gain. As a comparator, the 
output can be clamped at any desired level to make 
it compatible with logic circuits. 


■ Continuous short-circuit protection 

■ Operation as a comparator with differential in- 
puts as high as ±30V 


The LM748 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM748C is specified for operation over the 0°C 
to +70°C temperature range. 


Connection Diagrams 

Metal Can Package 
COMPENSATION 



Order Number LM748H or LM748CH 
See NS Package HQ8C 

Typical Applications 


Dual-1 n-Line Package 



Order Number LM748CN 
See NS Package N08B 
Order Number LM748J or LM748CJ 
See NS Package J08A 


Inverting Amplifier with Balancing Circuit 



Voltage Comparator for Driving 
DTL or TTL Integrated Circuits 



Low Drift Sample and Hold 


ai 

2NJ4S6 



Voltage Comparator for Driving 
RTL Logic or High Current Driver 


OUTPUT 
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LM748/LM748C 





LM748/LM748C 


Absolute Maximum Ratings 





Supply Voltage 


±22 V 




Power Dissipation (Note 1) 

500 mW 




Differential Input Voltage 


,±30V 




Input Voltage (Note 2) 


±15V 




Output Short-Circuit Duration (Note 3) Indefinite 




Operating Temperature Range: 

LM748 -55°C to +125°C 





LM748C 0°C to +70° C 




Storage Temperature Range 

-65° C to +150°C 




Lead Temperature (Soldering, 10 sec) 

300 C 




Electrical Characteristics (Note4» 





PARAMETER 

CONDITIONS 

MIN 

TYP 



Input Offset Voitage 

T a = 25°C, R s <10kft 


1.0 

5.0 

mV 

Input Offset Current 

T a = 25°C 


40 

200 

nA 

Input Bias Current 

T a = 25°C 


120 

500 

nA 

Input Resistance 

T a = 25°C 

300 

800 


k n 

Supply Current 

T a = 25°C, V s - ±15V 


1.8 

2.8 

mA 

Large Signal Voltage Gain 

T A = 25°C, V S = ±15V 






VouT'ilOV. RL>2kQ 

50 

160 


V/mV 

Input Offset Voltage 

R s < 10 k£2 



6.0 

mV 

Average Temperature 

R s <50n 


3.0 


MV/°C 

Coefficient of Input Offset 






Voltage 

R s <10kn 


6.0 


jiV/° C 

Input Offset Current 

T a = 0°C to 70°C 



300 

nA 


T a = -55° C to 125°C 



500 

nA 

Input Bias Current 

T a = 0°C to 70°C 



0.8 

MA 


T a - -55° C to 125°C 



1.5 

ma 

Supply Current 

T A =+125°C, V s =±15V 


1.2 

2.25 

mA 


T a = -55° C to 125°C 


1.9 

3.3 

mA 

Large Signal Voltage Gain 

V S = ±15V, V OUT = ±10V 






R L >2Kn 

25 



V/mV 

Output Voltage Swing 

V s = ±15V, R L = ion 

±12 

±14 


V 


R L - 2 k£2 

±10 

±13 


V 

Input Voltage Range 

V s = ±15V 

±12 



V 

Common Mode Rejection Ratio 

R s <10kn 

70 

90 


dB 

Supply Voltage Rejection Ratio 

R s < 10 kn 

77 

90 


dB 

Note 1: For operating at elevated temperatures the devices must be derated based on a maximum junction to case thermal 

resistance of 45° C per watt, or 150°C per watt junction to ambient. (See Curves). 




Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 


Note 3: Continuous short circuit is allowed for case temperatures to +125° C and ambient temperatures to +70°C. 


1 Note 4: These specifications apply for ±5V < Vs < +15V and -55° C < Ta < 125°C, unless otherwise specified. With the 

LM748C, however, all temperature specifications are limited to 0°C < T A 

< 70° C. 
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LM748/LM748C 






LM1558/LM1458 



National 

Semiconductor 


Operational Amplifiers/ Buffers 


LM1558/LM1458 Dual Operational Amplifier 


General Description 

The LM1558 and the LM 1458 are general purpose 
dual operational amplifiers. The two amplifiers 
share a common bias network and power supply 
leads. Otherwise, their operation is completely 
independent. Features include: 

■ No frequency compensation required 

■ Short-circuit protection 

■ Wide common-mode and differential voltage 
ranges 


■ Low-power consumption 

■ 8-lead TO-5 and 8-lead mini DIP 

■ No latch up when input common mode range is 
exceeded 


The LM1458 is identical to the LM1558 except 
that the LM1458 has its specifications guaranteed 
over the temperature range from 0°C to 70°C 
instead of -55°C to +125°C. 


Schematic and Connection Diagrams 



Metal Can Package 


tor view 

Order Number LM1558H 
or LM1458H 
See NS Package H08C 



Dual-In-Line Package 



- INVERTING INRUT I 


_ NON INVENTING 


Order Number LM1558J 
or LM1458J 
See NS Package J08A 


Order Number LM1458N 
See NS Package N08B 
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Absolute Maximum Ratings 

Indefinite 
55° C to 125°C 
0°C to 70°C 
65° C to 150°C 
300° C 



Electrical Characteristics (Note 3) 


3 


Supply Voltage LM 1558 ±22 V Output Short-Circuit Duration 

LM1458 ±18V Operating Temperature Range LM 1558 

Power Dissipation (Note 1) LM1558H/LM1458H 500 mW LM1458 

LM1458N 400 mW Storage Temperature Range 

Differential Input Voltage ±30V Lead Temperature (Soldering, 10 sec) 

Input Voltage (Note 2) ' ±15V 
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LM2900/LM3900, LM3301, LM3401 



National 

Semiconductor 


Operational Amplifiers/Buffers 


LM2900/LM3900, LM3301, LM3401 Quad Amplifiers 

General Description Features 


The LM2900 series consists of four independent, dual 
input, internally compensated amplifiers which were de- 
signed specifically to operate off of a single power supply 
voltage and to provide a large output voltage swing. 
These amplifiers make use of a current mirror to achieve 
the non-inverting input function. Application areas in- 
clude: ac amplifiers, RC active filters, low frequency 
triangle, squarewave and pulse waveform generation 
circuits, tachometers and low speed, high voltage digital 
logic gates. 


■ Wide single supply voltage 4 V D c t0 36 V DC 

range or dual supplies ±2 V DC to ±18 V^c 

■ Supply current drain independent of supply voltage 

■ Low input biasing current 30 nA 

■ High open-loop gain 70 dB 


■ Wide bandwidth 2.5 MHz (Unity Gain) 

■ Large output voltage swing (V + -1 ) Vp-p 


■ Internally frequency compensated for unity gain 


■ Output short-circuit protection 


Schematic and Connection Diagrams 


v + 



Order Number LM2900J 
See NS Package J14A 
Order Number LM2900N, 
LM3900N, LM3301N 
or LM3401N 
See NS Package N14A 


Dual-1 n-Line and Flat Package 



Typical Applications 



Inverting Amplifier 


(V + = 15 V DC ) 




Frequency-Doubling Tachometer 
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rnnnmt i bn 


MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

UIMI 1 O 

Open Loop 

Voltage Gain 

Voltage Gain 

T A = 25°C.f = 100 Hz 

1.2 2.8 

1.2 2.8 

1.2 2.8 

800 

1.2 2.8 

V/mV 

V/m V 

Input Resistance 

Ta = 25°C, Inverting Input 

1 

1 

1 

0.1 1 

M£2 

Output Resistance 


8 

8 

8 

8 

k£2 


Unity Gain Bandwidth 


Input Bias Current 


Supply Current 


Output Voltage Swing 
v OUT High 
v OUT Low 
VqUT High 


Output Current Capability 
Source 
Sink 

•sink 


Ta = 25°C, Inverting Input 


Ta = 25°C, Inverting Input 
Inverting Input 


Ta = 25°C, Positive Output Swing 
Ta = 25°C f Negative Output Swing 


Ta = 25°C, Rj_ = oo On All Amplifiers 
T A - 25°C, R L = 2k, Vcc = 15.0 V DC 

l|N - = 0. l|N + = 0 
I IN~ = 10^A, l|N + =0 

•in" = 0^in + = 0Rl = o °. 

V C c = Absolute Maximum Ratings 


T A = 25° C 
(Note 2) 

Vql = 1V f I IN = 5^A 


2.5 


30 200 


2.5 

30 200 


2.5 


30 300 



0.09 0.2 

29.5 


0.09 0.2 

29.5 


0.5 1.3 

5 



Loreum ‘weem 'ooezmioQezm 
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Electrical Characteristics (Continued) (Note 6) 


PARAMETER 

CONDITIONS 

LM2900 

LM3900 

LM3301 

LM3401 

UNITS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

Power Supply Rejection 

Ta = 25°C, f = 100 Hz 

70 

70 

70 

70 

dB 

Mirror Gain 

@ 20juA (Note 3) 

@ 200 (Note 3) 

0.90 1.0 1.1 

0.90 1.0 1.1 

0.90 1.0 1.1 

0.90 1.0 1.1 

0.90 1 1.10 

0.90 1 1.10 

0.90 1 1.10 

0.90 1 1.10 

/iA//iA 

AtA//iA 

AMirror Gain 

@ 20pA To 200/tA (Note 3) 

2 5 

2 5 

2 5 

2 5 

% 

Mirror Current 

(Note 4) 

10 500 

10 500 

10 500 

10 500 

^Aoc 

Negative Input Current 

T A = 25°C (Note 5) 

1.0 

. i.o 

1.0 

1.0 

JTjAqc 

Input Bias Current 

Inverting Input 

300 

300 



nA 


Note 1: For operating at high temperatures, the device must be derated based on a 125°C maximum junction temperature and a thermal resistance of 175°C/W which applies for the device soldered in a printed 
circuit board, operating in a still air ambient. 

Note 2: The output current sink capability can be increased for large signal conditions by overdriving the inverting input. This is shown in the section on Typical Characteristics. 

Note 3: This spec indicates the current gain of the current mirror which is used as the non-inverting input. 

Note 4: Input VgE match between the non-inverting and the inverting inputs occurs for a mirror current (non-inverting input current) of approximately 10pA. This is therefore a typical design center for many of 
the application circuits. 

Note 5: Clamp transistors are included on the 1C to prevent the input voltages from swinging below ground more than approximately —0.3 Vq$. The negative input currents which may result from large signal 
overdrive with capacitance input coupling need to be externally limited to values of approximately 1 mA. Negative input currents in excess of 4 mA will cause the output voltage to drop to a low voltage. This 
maximum current applies to any one of the input terminals. If more than one of the input terminals are simultaneously driven negative smaller maximum currents are allowed. Common-mode current biasing can 
be used to prevent negative input voltages; see for example, the "Differentiator Circuit" in the applications section. 

Note€: These specs apply for -55°C < T^ < +125°C, unless otherwise stated. 



SUPPLY REJECTION (dB) l Q - - OUTPUT SINK CURRENT (mA) l, N ‘ - INPUT CURRENT (nA) A 0L - VOLTAGE GAIN (dB) 
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LM2900/LM3900, LM3301, LM3401 


Application Hints 

When driving either input from a low-impedance source, 
a limiting resistor should be placed in series with the 
input lead to limit the peak input current. Currents as 
large as 20 mA will not damage the device, but the 
current mirror on the non-inverting input will saturate 
and cause a loss of mirror gain at mA current levels — 
especially at high operating temperatures. 


Precautions should be taken to insure that the power 
supply for the integrated circuit never becomes reversed 
in polarity or that the unit is not inadvertently installed 
backwards in a test socket as an unlimited current surge 
through the resulting forward diode within the 1C could 
cause fuzing of the internal conductors and result in a 
destroyed unit. 


Output short circuits either to ground or to the positive 
power supply should be of short time duration. Units 
can be destroyed, not as a result of the short circuit 
current causing metal fuzing, but rather due to the large 
increase in 1C chip dissipation which will cause eventual 
failure due to excessive junction temperatures. For 
example, when operating from a well-regulated +5 V DC 
power supply at T A = 25°C with a 100 k£7 shunt- 
feedback resistor (from the output to the inverting 
input) a short directly to the power supply will not cause 
catastrophic failure but the current magnitude will be 
approximately 50 mA and the junction temperature will 
be above T j max. Larger feedback resistors will reduce 
the current, 11 M£2 provides approximately 30 mA, an 
open circuit provides 1.3 mA, and a direct connection 
from the output to the non-inverting input will result in 
catastrophic failure when the output is shorted to V + 
as this then places the base-emitter junction of the input 
transistor directly across the power supply. Short-circuits 
to ground will have magnitudes of approximately 30 mA 
and will not cause catastrophic failure at T A = 25°C. 


Typical Applications (Continued) 



Low-Drift Ramp and Hoid Circuit 


Unintentional signal coupling from the output to the 
non-inverting input can cause oscillations. This is likely 
only in breadboard hook-ups with long component leads 
and can be prevented by a more careful lead dress or by 
locating the non-inverting input biasing resistor close to 
the 1C. A quick check of this condition is to bypass the 
non-inverting input to ground with a capacitor. High 
impedance biasing resistors used in the non-inverting 
input circuit make this input lead highly susceptible to 
unintentional ac signal pickup. 

Operation of this amplifier can be best understood by 
noticing that input currents are differenced at the 
inverting-input terminal and this difference current then 
flows through the external feedback resistor to produce 
the output voltage. Common-mode current biasing is 
generally useful to allow operating with signal levels near 
ground or even negative as this maintains the inputs 
biased at +V BE . Internal clamp transistors (see note 5) 
catch negative input voltages at approximately -0.3 V DC 
but the magnitude of current flow has to be limited by 
the external input network. For operation at high 
temperature, this limit should be approximately IOOjuA. 

This new "Norton" current-differencing amplifier can be 
used in most of the applications of a standard 1C op 
amp. Performance as a dc amplifier using only a single 
supply is not as precise as a standard 1C op amp 
operating with split supplies but is adequate in many 
less critical applications. New functions are made possible 
with this amplifier which are useful in single power 
supply systems. For example, biasing can be designed 
separately from the ac gain as was shown in the 
"inverting amplifier," the "difference integrator" allows 
controlling the charging and the discharging of the 
integrating capacitor both with positive voltages, and 
the "frequency doubling tachometer" provides a simple 
circuit which reduces the ripple voltage on a tachometer 
output dc voltage. 



Bi-Quad Active Filter 
(2nd Degree State-Variable Network) 
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LM2900/LM390Q, LM3301, LM3401 







Typical Applications (Continued) 




,,-n-TLr 


Frequency Differencing Tachometer 



JUT 



Squaring Amplifier (W/Hysteresis) 



RESET > 1M 

JT f h 


,,iinr 



Frequency Averaging Tachometer 


Bi-Stable Multivibrator 




;_n_n 


Differentiator (Common-Mode 
Biasing Keeps Input at +Vqe) 



Difference Integrator 




Low Pass Active Filter 


Staircase Generator 


m 


r IP 


VgE Biasing 



H 


Bandpass Active Filter 


Low-Frequency Mixer 
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Typical Applications (Continued) 




I 



One-Shot Multivibrator 


■I 






Non-Inverting DC Gain to (0,0) 



Power Amplifier 



Channel Selection by DC Control (or Audio Mixer) 


One-Shot with DC Input Comparator 


LM2900/LM3900, LM3301, LM3401 










National 

Semiconductor 


Operational Amplifiers/ Buffers 


LM4250/LM4250C Programmable Operational Amplifier 

General Description 


The LM4250 and LM4250C are extremely versatile 
programmable monolithic operational amplifiers. 
A single external master bias current setting resistor 
programs the input bias current, input offset cur- 
rent, quiescent power consumption, slew rate, 
input noise, and the gain-bandwidth product. 
The device is a truly general purpose operational 
amplifier. 

Features 

■ ±1V to ±18V power supply operation 

■ 3 nA input offset current 


■ Standby power consumption as low as 500 nW 

■ No frequency compensation required 

■ Programmable electrical characteristics 

■ Offset Voltage nulling capability 

■ Can be powered by two flashlight batteries 

■ Short circuit protection 

The LM4250C is identical to the LM4250 except 
that the LM4250C has its performance guaranteed 
over a 0°C to 70°C temperature range instead of 
the -55°C to +125°C temperature range of the 
LM4250. 


Schematic Diagrams 



Connection Diagrams 

Metal Can Package 


0UIESCENT 
CURRENT SET 



TOE VIEW 


Order Number LM4250H or LM4250CH 
Sea NS Package H08C 


Typical Applications 


R2 



R2 



Dual-In-Line Package 


KJ 




Order Number LM4250CN 
See NS Package N08B 
Order Number LM4250J 
or LM4250CJ 
See NS Package J08A 
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LM4250/LM4250C 


Absolute Maximum Ratings 




Supply Voltage 

±18V 

Output Short-Circuit Duration 

Indefinite 

Power Dissipation (Note 1) 

500 mW 

Operating Temperature Range LM4250 

-55°C£T a £125°C 

Differential Input Voltage 

130V 

LM4250C 

0°C ^ T A £ 70°C 

Input Voltage (Note 2) 

±15V 

Storage Temperature Range 

-65°C to 150°C 

l SET Current 

150 pA 

Lead Temperature (Soldering,10 sec) 

300°C 


Electrical Characteristics LM4250 (-55°C ^ T a ^ 1 25°c unless otherwise specified) 


PARAMETERS 

CONDITIONS 


Vs “ 

11.5V 


•set 

1 pA 

•set = 

10 pA 


MIN 

MAX 

MIN 

MAX 

Vos 

T a = 25° Rs^lOOktt 


3 mV 


5 mV 

•os 

T a - 25° 


3nA 


10 nA 

•bias 

T a * 25° 

. . 

7.5 nA 


50 nA 

Large Signal Voltage Gain 

T a = 25° R L =100kn 

40k 





* Vo = ±0.6, R u = 10 k ft 



50k 


Supply Current 

T a = 25°C 


7.5 pA 


80 pA 

Power Consumption 

T a = 2£°C 


23 pW 


240 pW 

V os 

R s £ 100 kfi 


4 mV 


6 mV 

•os 

T a = 125°C 


5 nA 


10 nA 


T a = -55°C 


3 nA 


10 nA 

•bias 



7.5 nA 


50 rtA 

Input Voltage Range 


±0.6V 


10.6V 


Large Signal Voltage Gain 

V 0 = ± 0.5V, R l = 100 k ft 

30k 





R l = 10 kfi 



30k 


Output Voltage Swing 

R l = 100 kJ2 

±0.6V 





R l = lOkft 



10.6V 


Common Mode Rejection Ratio 

R s £ 10 kfl 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

R s ^ lOkft 

76 dB 


76 dB ' 


Supply Current 



8 pA 


90 pA 

Power Consumption 



24 pW 


270 pW 




v S ‘ 

= 115V 


PARAMETERS 

CONDITIONS 

•set 1 

= 1 pA 

•set * 

10 pA 



MIN 

MAX 

MIN 

MAX 

V os 

T a = 25°C R s <, 100 kH 


3 mV 


5 mV 

•os 

T a = 25°C 


' 3nA 


10 nA 

•bias 

T a = 25°C 


7.5 nA 


50 nA 

Large Signal Voltage Gain 

T a = 25°C R L = 100 kf2 

100k 





V o *±10V R L = 10 kfl 



100k 


Supply Current 

T a « 25° C 


,10pA 


90 pA 

Power Consumption 

T a = 25°C 


300 pW 


2.7 mW 

Vos ' 

R s ^ 100 kft 


4 mV 


6 mV 

•os 

T a = 125°C 


25 nA 


25 nA 


T a = -55°C 


3 nA 


10 nA 

•bias 



7.5 nA 


50 nA 

t Input Voltage Range 


±13.5V 


113.5V 


Large Signal Voltage Gain 

V 0 = ±10V R u = 100 kn 

50k 





R l ■ 10 kH 



50k 


Output Voltage Swing 

r l = ioo kn 

112V 





R l = 10 kft 



112V 


Common Mode Rejection Ratio 

R s ^ 10 k« 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

R s <, 10 

76 dB 


76 dB 


Supply Current 



11 pA 


100 pA 

Power Consumption 



330 pW 


3 mW 


Note 1: The maximum junction temperature of the LM4250 is 150°C, while that of the LM4250C is 100°C. For operating 
at elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W junction to 
ambient, or 45°C/W junction to case. The thermal resistance of the dual-in-line package is 125 c C/W. 

Note 2: For supply voltages less than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 
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Electrical Characteristics lm 425 oc <o°c < t a < 7o°c unless otherwise specified) 


PARAMETERS 

CONDITIONS 


Vs- 

±1.5V 


•set 

IpA 

•set- 

10 pA 

MIN 

MAX 

MIN 

MAX 

Vos 

T a = 25°C R s < 100 kfi 


5 mV 

: ' 

6 mV 

•os 

T a = 25°C 


6nA 


20 nA 

l blIl 

T a ■ 25° C 


10 nA 


75 nA 

Large Signal Voltage Gain 

T a = 25°C R u = 100 kfi 

25k 





V Q = ±0.6V R L * 10 kn 



25k 


Supply Current 

T a “.25° C 


8 pA 


90 pA 

Power Consumption 

Ta - 25° C . 


24 pW 


270 pW 

v os 

R s ^ 10 kU 


6.5 mV 


7.5 mV 

•os 



8 nA 


25 nA 

•bus 



10 nA 


80 nA 

Input Voltage Range 


±0.6V 


±0.6V 


Large Signal Voltage Gain 

V 0 = ± 0.5V, R l = 100 k«, 

25k 





r l = io kn 



25k 


Output Voltage Swing 

R l = 100 kn 

±0.6V 





R l = 10 k£7 



±0.6V 


Common Mode Rejection Ratio 

R s £10kfi 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

R s £ 10 kn 

74 dB 


74 dB 


Supply Current 



8 pA 


90 uA 

Power Consumption 



24 pW 


270 uW 



Vs- 

±15V 

PARAMETERS 

CONDITIONS 

•set 

1 p A 

•set- 

10 pA 

1 


MIN 

MAX 

MIN 

MAX 

Vos 

T a = 25°C R s £ 100 k£2 


5 mV 


6 mV 

•os 

T a - 25° C 


6 nA 


20 nA 

•but 

T a = 25°C 


10 nA 


75 nA 

Large Signal Voltage Gain 

T A = 25°C R l = 100 kn 

60k 





V o = ±10V R l = 10 kfi 



60k 


Supply Current 

T a - 25°C 


11 pA 


100 pA 

Power Consumption 

T a - 25°C 


330 pW 


3 mW 

Vos. 

R s ^ lOkft 


6.5 mV 


7.5 mV 

•os 



8 nA 


25 nA 

•bi«* 



10 nA 


80 nA 

Input Voltage Range 


±13.5V 


± 13.5 V 


Large Signal Voltage Gain 

V o »±l0V R l = 100 kn 

50k 





R l = 10 k£l 



50k 


Output Voltage Swing 

r l = ioo kn 

±12V 





R l = 10 kfl 



±12V 


Common Mode Rejection Ratio 

R s £ lOkft 

70 dB 


70 dB 


Supply Voltage Rejection Ratio 

R s £ 10kJ2 

74 dB 


74 dB 


Supply Current 



11 uA 


100 uA 

Power Consumption 



300 uW 


3 mW 


Resistor Biasing 

Set Current Setting Resistor to V 



•set | 

mm 

0.1 pA 

WEBM 

BQEB 

5 pA 

10 pA | 

HPI1V1 

EgjJJJSi 

IEE3SS1 


KE3SBR 

ESEJHI 

KEKIQi 

HSSXiSI 

HD3SSI 


HDSS1 

E23359H 

utia 

BES2&9I1 

ESX2E9I 


besebi 

WKEEEBM 

KEOI 

HBS9I 

(E33E3I 

EESZZ3 

HEEEEB1 

HBEEEB1 

EQ3SI 

EIXSSfli 

KSQSSI 

ESSJjjj 

MDSES! 

HB2E51 

ESSI 

ES3ZZ9I 

EZ2S9 

[23221 

webeem 
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LM4250/LM4250C 


Typical Performance Characteristics 


Input Bias Current vs IsET 



Input Bias Current vs 
Temperature 





■■■■ 

■a 

SEE! 



K3QS2I 

E 


■ 

■ 



■i 

iiia 

■ 

■ 

■ 

■ 



mrmmmi 

!■ 

■ 

■ 

■ 



■i 

ia 

■ 

■ 


■ 

■ 



■i 

n 

a 

m 

m 

3X3 



K 

m 

a 

b 

■i 

■1 



■1 


a 

■ 

■ 

■ 

■ 


■mm: 

■ 

■ 

■ 

■ 

■ 


■■■■ 

■ 


-60 -20 20 60 100 140 

TEMPERATURE (°C) 


Input Offset Current vs 
Temperature 



-60 -20 20 60 100 140 

TEMPERATURE (°C) 


Unnulled Input Offset Voltage 
Change vs IgET 



.1 1.0 10 100 


•set 0*A) 


Unnulled Input Offset Voltage 



Peak to Peak Output Voltage 
Swing vs Load Resistance 



Ik 10k 100k 1M 

r l m 


Peak to Peak Output Voltage 



0 ±2 ±4 ±6 ±8 ±10 ±12 ±14 ±16 

SUPPLY VOLTAGE (V) 


Quiescent Current (lq> vs 
Temperature 



-60 -20 20 60 1 00 140 


TEMPERATURE (°C) 


Quiescent Current (lq) vs IsET 



•set OiA) 
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Typical Performance Characteristics (Continued) 
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LM13080 


PJ3J1 National Operational Amplifiers/ Buffers 

mm Semiconductor 

LM13080 Programmable Power Op Amp 

General Description 


The LM13080 is an internally compensated medium 
power operational amplifier designed for use in those 
applications requiring load currents of several hundred 
milliamperes. This amplifier has the added advantage 
of having an input stage programmed with an external 
resistor. The user is able to optimize the amplifier 
performance for each individual application with this 
feature. Applications include servo amplifiers and 
drivers, high input impedance audio amplifiers, DC- 
to-DC converters, precision power comparators which 
can either sink or source current and motor speed 
controls. 

The LM 13080 may be powered, from either single or 
dual power supplies, and will operate from as little 
as 3V. 

As a power operational amplifier, the LM 13080 is 
capable of delivering 0.25A to a load. This feature 
allows the system designer to fulfill his medium power 
circuit requirements without having to add external 


Schematic and Connection Diagrams 

DuaMn-Line Package (LM13080N) 


7 INPUT BIAS 

(Rset) 



Order Number LM13080N 
See NS Package N08A 

Single-In-Line Package (LM13080P) 



current boost transistors to the output of a standard 
operational amplifier. 

By selecting the proper input stage bias resistor it is 
possible to tailor the performance of the input stage 
to meet the needs of any particular system. Trade-offs 
between input offset voltage, input bias current and 
gain bandwidth are easily made. 

An unusual feature of the LM 13080 is an electronic 
shut-down capability. 

Features 

■ High output current— 250 mA 

■ Externally programmable input stage 

■ Low power supply operation— 3V 

■ Electronic shut-down capability 

■ Internally compensated for unity gain 

■ Low input bias current 




Numbers in parentheses show LM13080P connections 


JT V + IN NC -IN GND* OUT +IN NC SIGNAL PWR 
BIAS BIAS GND GND 

< r set> 

TOP VIEW 

Pin 6 can be connected to pin 10, if not, pin 6 must 
be left with no connection. 

Order Number LM13080P 
See NS Package P11A 





Absolute Maximum Ratings 

Supply Voltage Operation Range 


3V to 15V or 
±1.5V to ±7.5V 

Power Dissipation, (Note 1) 

Molded Dual-ln-Line Package (LM13080N) 1000 mW 

Molded Single-ln-Line Package (LM13080P) 1900 mW 

Differential Input Voltage, (Note 2) 15V 

Electrical Characteristics (Vs = 12V, RsET = 680k, unless otherwise specified) 


Input Voltage Range, (Note 3) -0.3V to +15V 

Input Current (V|[\j < —0.3V), (Note 4) 20 mA 

Operating Temperature Range 0°C to +70° C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


PARAMETER 

CONDITIONS 

mmm 

TYP 


UNITS 

Input Offset Voltage 

T A = 25°C, (Note 5) 


±3 

±7 

mV 

Input Bias Current 

l|N(+) or I|N(-),Ta = 25°C 


100 

400 

nA 

Input Offset Current 

•lN(+) -l|N(-),T A = 25°C 


±30 

±75 

nA 

Supply Current 

Rl = °°, T A = 25°C, (Note 6) 


3 

6 

mA 

Output Voltage Swing 

Vs = ±6V,T A =25°C, (Note 1) 





VOH 

Rl=5012 

4.5 

5 


V 


a 

00 

ii 

_i 

£T 

2 



V 

VOL 

R l_ = 5012 


-5 

-4.5 

V 


Rl = 812 



-2 

V 

Large Signal Voltage Gain 

V S = ±6V, Rj_ = 5012, f = 100 Hz, 

T A = 25° C 

3 

10 


V/mV 

Input Common-Mode Voltage 

Range 

V S <15V,T A = 25°C, (Note 3) 

1 


Vs-1.5 

V 

Input Offset Voltage 

(Note 5) 



±10 

mV 

Input Offset Voltage Drift 



5 


AiV/°C 

Input Bias Current 

l|N(+) or 1 1 N ( — ) 



600 

nA 

Input Offset Current 

l|N{+) ~ l|N(— ) 



±150 

nA 

Input Offset Current Drift 



50 


pA/°C 

Supply Current 

R L = °°, (Note 6) 



8 

mA 

A 

Output Voltage Swing 

Vs = ±6V, (Note 1) 





VOH 

R|_ = 5012 



4 

V 


RL = 812 



1.6 

V 

VOL 

Rj_ = 5012 

-4 



V 


Rl = 812 

-1.6 



V 

Large Signal Voltage Gain 

Vs = ±6V, R L = 5012,f= 100 Hz 

1 



V/mV 

Input Common-Mode Voltage 

Range 

Vs < 15V, (Note 3) 

1.25 


Vs-1.75 

V 

Common-Mode Rejection Ratio 


63 

85 

•s 


dB 

Total Harmonic Distortion 

R L = 812, Vq = 2 Vrms, 
f = 1 kHz 

i 

0.5 

5 

i 

% 


Note 1: For operation at high temperatures, the LM13080 must be derated based upon a maximum junction temperature of 150°C and a thermal 
resistance of 120°C/W for the miniDIP package (LM13080N) or a thermal resistance as given by the curves for the single-in-line power package 
(LM13080P). The thermal resistance values given are for a still air ambient with the package soldered into a printed circuit board. 

Note 2: Differential input voltages up to the magnitude of the power supply voltage will not damage the input circuitry. However, input voltages 
outside the input common-mode voltage range will not be able to properly control the output of the amplifier. 

Note 3: The input voltage applied to either input should not be allowed to go more than 0.3V below the potential applied to pin 4; however, 
either input can be taken as high as 15V without causing damage to the circuit. Input voltages below the minimum common-mode voltage range 
may cause a phase reversal in the output. 

Note 4: This input current will exist only when the voltage at either input lead is driven negative. It is due to the base-isolation junction of the 
PNP transistor tub becoming forward biased and thereby acting as an input diode clamp. In addition to this diode action, there is also lateral NPN 
parasitic action on the 1C chip. This transistor action can cause the output to take an undefined state for the time duration that an input is driven 
negative. 

Note 5: Vq = 6V, Rg = On, and over the full input common-mode voltage range. 

Note 6: Supply current is measured with the amplifier connected in a unity gain follower configuration and the positive input set to one-half 
of the supply voltage. 
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Typical Performance Characteristics (Continued) 


Slew Rate as Function of 


Rset 



10k 100k 1M 10M 

Rset -SET resistance (n) 


Offset Voltage Change vs 
Power Dissipation Due to 
Thermal Feedback 



AP d (mW) SINKING APq (mW) SOURCING 



-25 0 25 50 75 100 


Supply Current 


r set 
r l = 

= 680k 































2 4 6 8 10 12 14 


T a - AMBIENT TEMPERATURE (°C) 


Vs - POWER SUPPLY VOLTAGE (V) 


Thermal Feedback Time 


Device Dissipation vs 



0 10 20 30 40 50 60 70 80 90 100 


Ambient Temperature 



TIME (ms) 


Ta - AMBIENT TEMPERATURE ( 3 C) 


Application Hints 

The LM 13080 is a power op amp capable of sourcing or 
sinking more than 250 mA and does not include internal 
current limit or thermal shut-down. Therefore, the user 
must make sure that his application will not cause the 
power dissipation rating of the package to be exceeded. 
In the plastic miniDIP package the LM13080N is rated 
at a maximum dissipation of 1000 mW at 25°C; whereas 
the metal tab single-in-line (SIP) package (LM13080P) 
will handle 1900 mW in free air, also at 25°C. For 
operation at temperatures above 25°C, the maximum 
dissipation must be derated using the equation: 


If the inputs of the LM 13080 are driven below the input 
common-mode voltage range, it is possible that the 
output will experience a phase reversal. This is parti- 
cularly true for the non-inverting input (V||\|(+)). 
If either input is driven to a voltage level 0.3V below 
the substrate (pin 4) a parasitic NPN transistor will be 
turned ON.. The emitter of this parasitic transistor is 
the normal input transistor epi (N-type, base) region, 
the base is the substrate (P-type) and the collector is 
every other epi region on the die. Circuit operation in 
this mode is unpredictable. If an input is forced below 
the substrate, the current flowing out of that input 
should be limited to 20 mA to insure that the amplifier 
will not be destroyed. 


where Pq is the maximum allowable power dissipation, 
Tj is the maximum junction temperature (150°C), Tj\ 
is the ambient temperature and 0ja is the thermal 
resistance of the package operated in a still air environ- 
,ment. 0ja for the LM13080N is 120°C/W, whereas the 
0jA of the LM13080P depends upon the heat sink 
used (see curve). For example, if the LM13080P is 
used in free air in a 70°C ambient, the maximum power 
that can be dissipated is: 

150°C — 70°C 

PD = o = 1230 mW. 

65 C/W 

The LM13080 derives its ability to sink current through 
the use of a composite NPN/PNP output configuration. 
This local loop must be compensated by the series 
connection of a 0.05 [JiF capacitor and a 1012 resistor 
between the output of the op amp (pin 5) and the 
negative power supply (pin 4). The RC does not just 
filter out the oscillation from the output waveform 
but actually stabilizes the loop. 


Programming the LM13080 is accomplished by selecting 
the value of RsET» the input stage bias resistor, to 
optimize the amplifier for each particular application. 
An example would be an application with low source 
resistance which requires a low offset voltage to make a 
precise DC measurement. By selecting an RsET °f 
100 k£2, the normal offset voltage would be reduced to 
approximately one-fourth the value it would be if a 
680k resistor was used. By studying the curves, it can be 
seen that the bias current will increase but an increase 
here has very little effect due to the small source imped- 
ance. It should also be noted that with a 100k input set 
resistor the gain bandwidth product will also increase, 
and in fact, the amplifier must be operated with a closed 
loop voltage gain of 6 to assure stability. 

The effect of RSET on the total quiescent supply current 
will be very small (Al$ < 5% Is) as long as RsET ls 100k 
or greater. 


Em 
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Application Hints (Continued) 

To employ electronic shut-down the output bias pin, 
pin 2, and the negative end of the input bias resistor, 
RSETi are connected to the negative power supply 
(or ground in a single power system) through a sat- 
urated NPN transistor (or other electronic switch). When 
the transistor is turned OFF, all of the bias currents 
inside the op amp are turned OFF and all input and out- 
put terminals will float. When first turned ON, the out- 
put will take about 5 jus to reach the correct level. To 
insure that the LM13080 is OFF, leakage in the control 
device must be below the level that will allow pins 2 and 
7 to fall to 0.4V below V + . 

Power supply rejection is a function of the change 
in voltage across the input bias resistor, RsET- To 
improve the PSRR of the LM 13080, the user must 
be careful to bypass pin 7 to pin 6 or to establish a 
floating voltage referenced to the positive power sup- 
ply to. serve as a connection point for RSET- l n applica- 
tions where PSRR is important, it is imperative that a 
supply bypass capacitor(s) be used. 


Typical Applications 


LINE DRIVER 

The line driver circuit in Figure 1 is able to accept an 
unbalanced, high impedance input and convert it to a 
balanced output suitable for driving a low impedance 
line. This is particularly useful in an environment where 
magnetically induced hum or noise pickup is a problem. 

The outputs of the 2 LM 1 3080's are of opposite polarity; 
therefore, terminating the line with a balanced load 


(i.e., a differential amplifier or a transformer) will cause 
common-mode interference pickup to be cancelled. 

This circuit will drive a 20 Vp-p signal into a 50£2 load 
for frequencies up to 10 kHz. Above 10 kHz the output 
signal is slew rate limited, but the line driver will still 
supply a 13 Vp-p signal at 20 kHz. The voltage gain of 
the network is 2, and the low frequency roll-off is 
determined by: 


It can be seen that if the load is connected directly 
between the outputs of the amplifiers, the line driver 
becomes a simple bridge amplifier capable of delivering 
2W into a 16S7 load. 

PIEZOELECTRIC ALARM 

The piezoelectric alarm shown in Figure 2 uses a 3- 
terminal transducer (Gulton 101 FB or equivalent) to 
produce an 80 dB SPL alarm. 

The transducer has a feedback terminal which is con- 
nected to the non-inverting input of the LM13080, 
causing oscillation at the resonant frequency of the 
piezoelectric crystal. The alarm can be controlled 
through the use of the electronic shut-down feature of 
the amplifier. The 100k resistor and 0.1 juF capacitor 
are used to provide a reference voltage at the inverting 
input and to keep the duty cycle of the crystal oscilla- 
tion close to 50%. The RC time constant of this feed- 
back network should be much ’greater than the time 
constant of the transducer. 



I OUTPUT (TO 
f TWISTEDPAIR) 


9V \ 100k 



^IT-L 

x XTAI 


FIGURE 2. Piezoelectric Alarm 


FIGURE 1. Line Driver — Unbalanced Input to Balanced Output 


Note: Pin numbers apply to miniDIP. 
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Typical Applications (Continued) 

MOTOR SPEED CONTROL 


The LM 13080 can be used to construct a very simple 
speed control for small motors requiring less than 0.5A 
start current. This circuit operates by impressing the 
multiple of a reference voltage across the motor, and 
then varying the reference by means of quasi-positive 
feedback to change the voltage across the motor any 
time the load on the motor changes. 

To understand the circuit operation, it is easiest to let 
the voltage at the cathode of diode D1, Figure 6, be the 
input voltage, V||\j, to the system. Diode D1 is actually 
a level shift diode to bring Vji\| into the common-mode 
range of the amplifier. A reference voltage is established 
by the combined voltage drop through the 1012 poten- 
tiometer, R3 and the reference diode, D2 and is applied 
to the non-inverting input of the LM 13080. Resistor 
R4 is a bias resistor used to keep D2 active. The 10k 
speed adjust potentiometer is 2 resistors in 1, where 
section R1 is the input resistance and section R2 is the 
negative feedback resistance. It can be seen that the 
voltage impressed across the motor is equal to: 
w (V BE 2 + l3R3)R2 

v MOTOR : + V BE 


The positive feedback is developed as a change in the 
voltage across R3 due to the change in the motor current 
caused by a variation in the motor's load. Resistor R3 
is shown as a potentiometer so that the amount of posi- 
tive feedback can be adjusted for smooth operation of 
the motor. Capacitor Cl and resistor R5 serve as a filter 
for the reference voltage at the non-inverting input of 
the amplifier. 

VOLTAGE REGULATORS 

In normal, positive or negative regulator application 
such as those shown in Figure 7 and Figure 8, the 
LM 13080 has 2 major advantages over standard opera- 
tional amplifiers. The LM 13080 has its own on-chip pass 
device and in addition can either sink or source 250 mA 
of load current. 




Note: Pin numbers apply to miniDIP. 
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Semiconductor 


LH0002/LH0002C Current Amplifier 


General Description 


The LH0002/LH0002C is a general purpose thick 
film hybrid current amplifier that is built on a 
single substrate. The circuit features: 

■ High Input Impedance 400 k£2 

■ Low Output Impedance 6£2 

■ High Power Efficiency 

■ Low Harmonic Distortion 

■ DC to 30 MHz Bandwidth 

■ Output Voltage Swing that Approaches Supply 
Voltage 

■ 400 mA Pulsed Output Current 

■ Slew rate is typically 200V/p«s 

■ Operation from ±5V to ±20V 

These features make it ideal to integrate with an 
operational amplifier inside a closed loop configu- 
ration to increase current output. The symmetrical 


output portion of the circuit also provides a low 
output impedance for both the positive and nega- 
tive slopes of output pulses. 

The LH0002 is available in an 8-lead low-profile 
TO-5 header; the LH0002C is also available in an 
8-lead TO-5, and a 10-pin molded dual-in-line 
package. 

The LH0002 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH0002C is specified for operation over the 0°C 
to +85°C temperature range. 

Applications 

■ Line driver 

■ 30 MHz buffer 

■ High speed D/A conversion 

■ Instrumentation buffer 

■ Precision current source 


Schematic and Connection Diagrams 



Pin numbers in parentheses denote pm 
connections for dual-in line package. 


Dual-1 n-Line Package Metal Can Package 



TOPVItW 


Order Number LH0002CN Order Number LH0002H or LH0002CH 
See Package N10B See Package H08A 


Typical Applications 

High Current Operational Amplifier 



Line Driver 


SELECT CAPACITOR TO ADJUST 
TIME RESPONSE OF PULSE. 



•Previously called NH0002/NH0002C 
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Absolute Maximum Ratings 


±22 V 
600 mW 


Supply Voltage 
Power Dissipation Ambient 
Input Voltage (Equal to Power Supply Voltage) 

Storage Temperature Range -65°C to +150°C 

Operating Temperature Range 
LH0002 
LH0002C 

Steady State Output Current 
Pulsed Output Current (50 ms On/1 sec. Off) 


-55°C to +125°C 
0°C to +85°C 
±100mA 
±400 m A 


Electrical Characteristics (Note i) 


Parameter 

Conditions 

Min. 

Typ. 

Max. 

Units 

Voltage Gain 

R s = 10kQ, R L = I.OkQ, V, N =±10V 

0.95 

0.97 



AC Current Gain 

V| N = 1.0V rms> f = 1.0kHz 


40 


A/m a 

Input Impedance 

R s = 200kQ, V IN = ±1.0V, R L = I.OkQ 

180 

400 

- 

kQ 

Output Impedance 

V| N =±1.0V, R L = 50Q, R s = 10 kQ 

- 

6.0 

10 

Q 

Output Voltage Swing 

R L = I.OkQ, V, n =±12V 

±10 

±11 

- 

V 

Output Voltage Swing 

V s = ±15V, V,n =±12V, R s = 50 Q, R L = 100Q, T A = 25°C 

±10 



V 

DC Output Offset Voltage 

R s = 300 Q, R L = I.OkQ 

— 

±10 

±30 

mV 

DC Input Offset Current 

R s = 10kQ, R L = I.OkQ 

— 

±6.0 

±10 

pA 

Harmonic Distortion 

V| N = 5.0 V rms , f = 1.0 kHz 

— 

0.1 

— 

% 

Rise Time 

R L = 50Q, AV, N = 100mV 


7.0 

12 

ns 

Positive Supply Current 

R s = 10kQ, R l = I.OkQ 

— 

+6.0 

+10 

mA 

Negative Supply Current 

R s = 10kQ, R l = I.OkQ 

- 

-6.0 

-10 

mA 


Note 1: Specification applies for T A = 25°C with +12 V on Pins 1 and 2; -12V on Pins 6 and 7 for the metal can package and +12V on Pins 
1 and 2; -12V on Pins 4 and 5 for the dual-in-line package unless otherwise specified. The parameter guarantees for LH0002C apply 
over the temperature range of 0°C to +85°C, while parameters for the LH0002 are guaranteed over the temperature range -55°C to 125°C 
unless otherwise specified. 
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National 

Semiconductor 


Operational Amplifiers/ Buffers 


LH0003/LH0003C Wide Bandwidth Operational 
Amplifier 


General Description 

The LH0003/LH0003C is a general purpose opera- 
tional amplifier which features: slewing rate up to 
70 volts/jisec, a gain bandwidth of up to 30 MHz, 
and high output currents. Other feature^are: 

■ Very low offset voltage Typically 0.4 mV 

■ Large output swing > ± 10V into lOOfll 

load 


■ High CMRR Typically > 90 dB 

■ Good large signal - 50 kHz to 400 kHz de- 

frequency response pending on compensa- 
tion 

The LH0003 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH0003C is specified for operation over the 0°C 
to +85°C temperature range. 


Schematic and Connection Diagrams 




TOP VIEW 


Order Number LH0Q03H or LH0003CH 
See Package HI 0B 


Circuit Gam 

c, 

pF 

Cj 

pF 

Slew Rate 

R u > 200H. V/psee 

Full Output Frequency 

R u 2001! V OUT MOV 

i.- 40 

to 

1 * s 

> 2 

' > 1 

0 

s 

15 

60 

90 

0 

30 

30 

50 

90 

70 

30 

15 

5 

2 

400 . 

350 I 

250 V kHz 

100 ( 

50 ' 


Typical Applications 


Typical Compensation 


High Slew Rate Unity Gain Inverting Amplifier 


Unity Gain Follower 
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PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage 

R s <ioon 


04 

3 0 

mV 

Input Offset Current 



0 02 

0 2 

pA 

Input Bias Current 



04 

20 

PA 

Supply Current 

V s ±20V 


1 2 

3 

mA 

Voltage Gain 

R l -- 100k, V s 115V, V OUT - ± 10V 

20 

70 


V/mV 

Voltage Gam 

R l = 2k, V s 115V, V QUT - ±10V 

15 

40 


V/m V 

Output Voltage Swing 

V s = 115, R l » 100S2 

±10 

±12 


V 

Input Resistance 

Average Temperature 



100 


k£ 2 

Coefficient of Offset 
Voltage 

R s < 100 £2 


4 


pV/°C 

Average Temperature 






Coefficient of Bias 

Current 



8 


nA/ c C 

CMRR 

r s < ioon, v s = ±v, v 1N ±iov 

70 

90 


dB 

PSRR 

R s < 100 £2, V s -- 115V, AV = 5V to 20V 

70 

90 


dB 

Equivalent Input 

R s - 100a f- 10 kHz to 100 kHz 


1.8 


pVrms 

Noise Voltage . 

V s -= ±15V dc 




Absolute Maximum Ratings 

Supply Voltage 120 V 

Power Dissipation See curve 

Differential Input Voltage ±7V 

Input Voltage Equal to supply 

Load Current 120 mA 

Operating Temperature Range LH0003 -55°C to +1 25°C 

LH0003C 0°C to+85°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


Electrical Characteristics 


(Notes 1 & 2) 


Note 1. These specifications apply for Pm 7 grounded, for ±5V < V s < ±20V, with capacitor 
C-| u 90 pF from Pin 1 to Pin 10 and C 2 - 90 pF from Pin 5 to ground, over 
the specified operating temperature range, unless otherwise specified 
Note 2. Typical values are for t AMB(ENT = 25°C unless otherwise specified. 


Typical Performance 

Maximum Power Dissipation 


Large Signal Frequency Response 


Open Loop Frequency Response 





FREQUENCY (Hz) 


10° 10’ 10 2 10 3 10 4 10 5 10 6 10 7 10 8 
FREQUENCY (Hz) 


3-295 


LH0003/LH0003C 



LH0004/LH0004C 


National Operational Amplifiers/Buffers 

Semiconductor 

LH0004/LH0004C High Voltage Operational 
Amplifier 

General Description 

The LH0004/LH0004C is a general purpose opera- 
tional amplifier designed to operate from supply 
voltages up to ±40V. The device dissipates ex- 
tremely low quiescent power, typically 8 mW at 
25°C and V s = ±40V. Additional features include: 

■ Capable of operation over the range of ±5V to 
±40V 

■ Large output voltage typically ±35V for the 
LH0004 and ±33V for the LH0004C into a 
2 K12 load with ±40V supplies 

■ Low input offset current typically 20 nA for 
the LH0004 aVid 45 nA for the LH0004C 

■ Low input offset voltage typically 0.3 mV 

■ Frequency compensation with 2 small capacitors 

■ Low power consumption 8 mW at ±40V 


The LH0004's high gain and wide range of oper- 
ating voltages make it ideal for applications 
requiring large output swing and low power 
dissipation. 

The LH0004 is. specified for operation over the 
-55°C to +125°C military temperature range. The 
LH0004C is specified for operation over the 0°C 
to +85°C temperature range. 

Applications 

■ Precision high voltage power supply 

■ Resolver excitation 

■ Wideband high voltage amplifier 

■ Transducer power supply 



Schematic and Connection Diagrams 


Typical Applications 




Note: Pin 7 must be grounded or connected to a voltage 
at least 5V more negative than the positive supply (Pin 9). 
Pin 7 may be connected to the negative supply; however, 
the standby current will be increased. A resistor may be 
inserted in series with Pin 7 to Pin 9. The value of the 
resistor should be a maximum of 100 Kfl per volt of 
potential between Pin 3 and Pin 9. 

Order Number LH0004H or LH0004CH 
See Package HI OB 


Voltage Follower 


R1* 



Input Offset 
Voltage Adjust 



♦Previously called NH0004/NH0004C 


External Current High Compliance Current Source 

Limiting Method 
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Absolute Maximum Ratings 

Supply Voltage, Continuous 

Power Dissipation (See curve) 
Differential Input Voltage 
Input Voltage 
Short Circuit Duration 
Operating Temperature Range LH0004 
LH0004C 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


400 mW 
±7V 

Equal to supply 
3 sec 

-55°C to +125°C 
0°C to 85° C 
-65°C to +1 50°C 
300°C 


Electrical Characteristics (Note i) 


PARAMETER 

Input Offset Voltage 
Input Bias Current 
Input Offset Current 
Positive Supply Current 
Negative Supply Current 
Voltage Gain 

Output Voltage 
CMRR 

PSRR 


CONDITIONS 

i 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

UNITS 

« 

R s < 10012, T a = 25°C 


0.3 

1.0 


0.3 

1.5 

mV 

R s < 10012 



2.0 



3.0 

mV 

T a = 25°C 


20 

100 


30 

120 

nA 




300 



300 

nA 

T a = 25° C 


3 

20 


10 

45 

nA 




100 



150 

nA 

V s = ±40V, T a = 25°C 


110 

150 


110 

150 

ma 

V s = ±40V 



175 



175 

ma 

V s = ±40V, T a = 25°C 


80 

100 


80 

100 

AiA 

V s = ±40V 



135 



135 

/iA 

V s = ±40V, R l = 100k, T a = 25° C 
V OUT =±30V 

30 

i 

60 


30 

60 


V/mV 

V s = ±40V, R l = 100k 

Vqut = —30V 

10 



10 



V/mV 


V s = ±40V, R L = 10k 

V s = ±40V, R s <5k 
V IN =±33V 

V s = ±40V, R s < 5k 
AV = 20V to 40V 


±30 ±33 

70 90 


Average Temperature . 

Coefficient Offset Voltage s — 

Average Temperature 
Coefficient of 
Offset Current 

Equivalent Input R s = 10012, ' 

Noise Voltage f = 500 Hz to 


R s = 10012, V s = ±40 V 
f = 500 Hz to 5 kHz, T a = 25°C 


Note 1: These specifications apply for ±5V < Vg < ±40V, Pin 7 grounded, with capacitors Cl = 39 pF between Pin 1 and 
Pin 10, C2 = 22 pF between Pin 5 and ground, -55°C to +125°C for the LH0004, and 0°C to +85°C for the LH0004C unless 
otherwise specified. 
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Typical Performance 



Input Voltage Range 

Input Bias Current 

Voltage Gai 




H 





a 80 

y— 



Ta 

125°C 

1 





B 

a 

— 


o 

> 70 





= 

P 

P 


P 



_ 

_ 


0 5 15 25 35 45 

SUPPtY VOLTAGE (±V) 


10 20 30 40 

SUPPLY VOLTAGE (±V) 


_R l = 100k TO 

MINUS SOURCE 


10 20 30 40 

SUPPLY VOLTAGE (±V) 


Negative Supply Current 


Positive Supply Current 
I T a = -55C I I T 


Output Voltage 





SUPPLY VOLTAGE (±V) 

SUPPLY VOLTAGE (±V) 

SUPPLY VOLTAGE (±V) 

Open Loop Frequency 

Response 

Large Signal 

Frequency Response 

Package Power Dissipation 



1 case! 



600 









V 

400 

AMBIENT 


\ 










's 
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National 

Semiconductor 


Operational Amplifiers/ Buffers 


LH0005/LH0005A Operational Amplifier 


General Description 

The LH0005/LH0005A is a hybrid integrated cir- 
cuit operational amplifier employing thick film 
resistors and discrete silicon semiconductors in its 
design. The select matching of the input pairs of 
transistors results in low input bias currents and a 
very low input offset current, both of which ex- 
hibit excellent temperature tracking. In addition, 
the device features: 

■ Very high output current capability: ±50 mA 
into a 100 ohm load 

■ Low standby power dissipation: typically 
60 mW at ±12V 

■ High input resistance: typically 2M at 25°C 


■ Full operating range: -55°C to +125°C 

■ Good high frequency response: unity gain at 
30 MHz 


With no external roll-off network, the amplifier is 
stable with a feedback ratio of 10 or greater. By 
adding a 200 pF capacitor between pins 9 and 10, 
and a 200 ohm resistor in series with a 75 pF 
capacitor from pin 4 to ground, the amplifier is 
stable to unity gain. The unity gain loop phase 
margin with the above compensation is typically 
70 degrees. With a gain of 10 and no compensation 
the loop phase margin is typically 50 degrees. 


Schematic and Connection Diagrams 

INPUT FREQUENCY OUTPUT FREQUENCY 

COMPENSATION COMPENSATION ' 




TOP VIEW 

Order Number LH0005H or LH0005AH 
See Package H10D 


Typical Applications 


Voltage Follower 




'May be zero or equal to the 
input resistance for minimum 
offset. 

To minimize crossover distortion 
at higher frequencies. May be 
omitted for low frequency 
application or selected to suit 
design requirements 


Offset Balancing Circuit 


•Typical value, R B = 100K. 

R b may be increased for greater 
sensitivity with reduction in 
range. 


•Previously called NH0005/NH0005A 


External Current Limiting 


R. 

■VAr 


01 D2 





= Average forward voltage drop 
of diodes D! to D 4 at approx. 
1 mA. 

For continuous short circuit 
protection (V s = +12V, 
-55 °C<T a <+ 100°C) 
R L .M>50fi 


Integrator with Bias Current Compensation 
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Absolute Maximum Ratings 








Supply Voltage 

±20V 







Power Dissipation (see Curve) 

400 mW 







Differential Input Voltage 

±15V 







Input Voltage 

Equal to supply voltages 







Peak Load Current 

±100 mA 







Storage Temperature Range 

-65°C to +150°C 







Operating Temperature Range 

-55°C to +125°C 







Lead Temperature (Soldering, 10 sec) 300 C 







Electrical Characteristics 

(Note 1) 










LH0005 

LH0005A 


PARAMETER 

CONDITIONS 

MIN 

mi 

MAX 



MAX 

UNITS 

Input Offset Voltage 





■ 

■ 



25°C 

R s < lOOfi 





1 

3 

mV 

-55°C, 125°C 

R s < 100 a 



10 



4 

mV 

Input Offset Current 









25°C to 125°C 



10 

20 


2 

5 

nA 

-55°C 



25 

75 


10 

25 

nA 

Input Bias Current 









25°C to 125°C 



15 

50 


8 

25 

nA 

-55°C 



100 

250 


60 

125 

nA 

Large Signal Voltage Gain 









-55°C to 25° C 

R L = 10K, R2= 3K, V out = ±5V 

2 

4 


4 

5.5 


V/mV 

1 25°C 


1.5 

3 


3 

5 


V/mV 

Output Voltage Swing 









-55° C to 125°C 

R L = 10k£2 

-10 


+6 

-10 


+6 

V 

25°C to 125°C 

R l = 100H 

-5 


+5 

-5 


+5 

1 V 

-55°C 

R L = 1 0012 

-4 


+4 

-4 


+4 

V 

Input Resistance 









25°C 


1 

2 


1 

2 


MO 

Common Mode Rejection Ratio 









25°C 

V IN = ±4V, RS< 100^ 

55 

60 


60 

66 


dB 

Power Supply Rejection Ratio 









25°C 


55 

60 


60 

66 


dB 

Supply Current (+) 









-55° C to 125°C 



3 

5 


3 

5 

mA 

Supply Current (-) 









-55° C to 125°C 



2 

4 


2 

4 

mA 

Average Temperature Coefficient 









of Input Offset Voltage 









-55°C to 125°C 

R s <ioon 


20 



10 


uV/°C 

Output Resistance 









25°C 



70 



70 


n 

Note 1: These specifications apply for pin 6 grounded, Vc = ±12V, with Resistor R-i 

= 200fi in series 




with Capacitor C-| = 75 pF from pin 4 to ground, and Co = 200 pF between pins 9 and 10 unless 




otherwise specified. 
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GAIN (dB) OUTPUT VOLTAGE SWING (V) INPUT BIAS CURRENT (n A) 



FREQUENCY (Hi) 








LH0005C 



National 

Semiconductor 


Operational Amplifiers/Buffers 


LH0005C Operational Amplifier 


General Description 

The LH0005C is -a hybrid integrated circuit opera- 
tional amplifier employing thick film resistors 
and discrete silicon semiconductors in its design. 
The select matching of the input pairs of transis- 
tors results in low input bias currents and a very 
low input offset current both of which exhibit 
excellent temperature tracking. In addition, the 
device features: 

■ Very high output current capability: ±40 mA 
into a 100 ohm load 

■ Low standby power dissipation: typically 
60 mW at ±12V 

■ High input resistance: typically 2M at 25° C 


■ Operating range: 0° to 85°C 

■ Good high frequency response: unity gain at 
30 MHz 

With no external roll-off network, the amplifier is 
stable with a feedback ratio of 10 or greater. By 
adding a 200 pF capacitor between pins 9 and 10, 
and a 200 ohm resistor in series with a 75 pF 
capacitor from pin 4 to ground, the amplifier is 
stable to unity gain. The unity gain loop phase 
margin with the above compensation is typically 
70 degrees. With a gain of 10 and no compensation 
the loop phase margin is typically 50 degrees. 


Schematic and Connection Diagrams 

INPUT FREQUENCY OUTPUT FREQUENCY 

COMPENSATION COMPENSATION 




TOP VIEW 

Order Number LH0005CH 
See Package HI 00 


Typical Applications 


Voltage Follower 



Offset Balancing Circuit 



* Typical value. R„ = 100K, 
R b may. be increased lor gr> 
sensitivity with reduction in 


"Previously called NH0005C 


External Current Limiting 



protection (V s * +12V, of diodes 0, to D« at approx. 

0“C £ T a £ 70“ C 1 mA 

Rl.m £ 50S2 

Integrator With Bias Current Compensation 
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Absolute Maximum Ratings 


Supply Voltage 

Power Dissipation (see Curve) 

Differential Input Voltage 

Input Voltage 

Peak Load Current 

Storage Temperature Range 

Operating Temperature Range 

Lead Temperature (soldering, 10 sec) 


±20V 
400 mW 
±15V 

Equal to supply voltages 
±100 mA 
-55°C to +125°C 
0°C to 85°C 
300° C 


Electrical Characteristics 


PARAMETER 

CONDITIONS . 

LH0005C 

UNITS 

MIN 

TYP 

MAX 


(Note 2) 


Input Offset Voltage 

r s < iocm 


3 

10 

mV 

Input Offset Current 



5 

25 

nA 

Input Bias Current 

• 


20 

100 

nA 

Large Signal Voltage Gain 

R l = 1 0K, R2 = 3K, Vqut = ±5V 

2 

5 


V/mV 

Output Voltage Swing 

R L = 10 k£2 

-10 


+6 

V 


o 

o 

ii 

_i 

00 

-4 

±6 

+4 

V 

Input Resistance 

T a = 25° C 

0.5 

2 


M£2 

Common Mode Rejection Ratio 

V IN = ±4V, R s <1000, T a = 25°C 

50 

60 


dB 

Power Supply Rejection Ratio 

T a = 25°C 

50 

60 


dB 

Supply Current (+) 



3 

5 

mA 

Supply Current (-) 



2 

4 

mA 


Note 1: These specifications apply for pin 6 grounded, V$ = ±12V, with Resistor R1 = 200f2 in series 
with Capacitor Cl = 75 pF from pin 4 to ground, and C2 = 200 pF between pins 9 and 10, over the 
temperature range of 0°C to +85° C unless otherwise specified. 

Note 2: Typical values are for 25°C only. 



0 25 50 75 100 125 


TEMPERATURE ( C) 

Maximum Power Dissipation 
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LH0005C 




LH0021/LH0021 C, 
LH0041/LH0041 C 



National 

Semiconductor 


Operational Amplifiers/Buffers 


LH0021/LH0021C 1.0 Amp Power Operational Amplifier 
LH0041/LH0041C 0.2 Amp Power Operational Amplifier 


General Description 

The LH0021/LH0021C and LH0041/LH0041C are 
general purpose operational amplifiers capable of 
delivering large Output currents not usually asso- 
ciated with conventional 1C Op Amps. The LH0021 
will provide output currents in excess of one 
ampere at voltage levels of ±12V; the LH0041 
delivers currents of 200 mA at voltage levels 
closely approaching the available power supplies. 
In addition, both the inputs and outputs are pro- 
tected against overload. The devices are compen- 
sated with a single external capacitor and are free 
of any unusual oscillation or latch-up problems. 

Features 

■ Output current 1.0 Amp (LH0021) 

0.2 Amp (LH0041) 

■ Output voltage swing ±1 2V into 10L2 (LH0021 ) 

±14V into lOOfi (LH0041) 

■ Wide full power bandwidth 15 kHz 

■ Low standby power 100mWat±15V 

■ Low input offset 

voltage and current 1 mV and 20 nA 


o High slew rate 3.0 V/ms 

■ High open loop gain 100 dB 


The excellent input characteristics and high out- 
put capability of the LH0021 make it an ideal 
choice for power applications such as DC servos, 
capstan drivers, deflection yoke drivers, and pro- 
grammable power supplies. 

The LH0041 is particularly suited for applications 
such as torque driver for inertial guidance systems, 
diddle yoke driver for alpha-numeric CRT displays, 
cable drivers, and programmable power supplies 
for automatic test equipment. 

The LH0021 is supplied in a 8 pin TO-3 package 
rated at 20 watts with suitable heatsink. The 
LH0041 is supplied in both 12 pin TO-8 (2.5 
watts with clip on heatsink) and a power 8 pin 
ceramic DIP (2 watts with suitable heatsink). The 
LH0021 and LH0041 are guaranteed over the 
temperature range of -55°C to +125°C while the 
LH0021C and LH0041C are guaranteed from -25°C 
to +85 U C 


Schematic and Connection Diagrams 


V+ lsc+ 



‘Rsc external on "G" and "K" packages. Rsc internal 
on "J" package. Offset Null connections available 
only on "G" package. 



Order Number 
LH0021K or LH0021CK 
See Package K08A 



LH0041G or LH0041CG 
See Package H12B 





■V- 


TOP VIEW 

Order Number 
LH0041CJ 


See Package HY08A 
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Absolute Maximum Ratings 

Supply Voltage ±18V 

Power Dissipation See curves 

Differential Input Voltage ±30V 

Input Voltage (Note 1) ±15V 

Peak Output Current (Note 2) LH0021/LH0021C 2.0 Amps 

LH0041/LH0041C 0.5 Amps 

Output Short Circuit Duration (Note 3) Continuous 

Operating Temperature Range LH0021/LH0041 -55°C to +1 25°C 

LH0021C/LH0041C -25°C to +85°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 

DC Electrical Characteristics for lhoo 2 i/lhoo 2 ic (Note 4) 

PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

LH0021 

LH0021C 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

R s < 100S2, T c - 25X 


1 0 

30 


30 

60 

mV 


R s < 100S2 



50 



7 5 

mV 

Voltage Drift with Temperature 

R s < 100S2 


3 

25 


5 

30 

pV' C 

Offset Voltage Drift with Time 



5 



5 


£iV/ week 

Offset Voltage Change with Output Power 



5 

15 


5 

20 

/jV watt 

Input Offset Current 

T c - 25 ' C 


30 

100 


50 

200 

nA 





300 



500 

nA 

Offset Current Drift with Temperature 



0 1 

1 0 


0 2 

1 0 

nA/ C 

Offset Current Drift with Time 



2 



2 


nA/week 

Input Bias Current 

T c = 25 C 


100 

300 


200 

500 

nA 





1 0 



1 0 

pA 

Input Resistance 

T c = 25 C 

03 

1 0 


0 3 

1 0 


Mft 

Input Capacitance 



3 - 



3 


pF 

Common Mode Rejection Ratio 

R s < 100 n, av cm = *iov 

70 

90 


70 

90 


dB 

Input Voltage Range 

V s = * 1 5V 

*12 



* 12 



V 

Power Supply Rejection Ratio 

R s < 10012, A V s = H0V , 

80 

96 


70 

90 


dB 

Voltage Gain 

V s = 1 15V, V 0 = ±10V 









R L = 1 kS2,T c = 25'C, 

100 

200 


100 

200 


V 'mV 


V s - 115V, V Q = 110V 









R u = 100S2, 

25 



20 



V/mV 

Output Voltage Swing 

V S =±15V, R l = ioon 

*13.5 

14 


* 13 

*14 


V 


V s = ±15V, R l = 1012, T c = 25°C 

*110 

*12 


* 10 

112 


V 

Output Short Circuit Current 

V s -- 115V, T c = 25 'C,R sc = 0 5S2 

0 8 

1 2 

1 6 

0.8 

1 2 

1 6 

Amps 

Power Supply Current 

V s - ±15V, V OU t = 0 


25 

3.5 


30 

40 

mA 

Power Consumption 

V s = 115V, V OUT =*0 


75 

105 


90, 

120 

mW 

AC Electrical Characteristics tor lhoo 2 -i/lhoo 2 ic (t a = 25 °c, v s =d 

:15V, C c = 3000 p F) 



Slew Rate 

a v = +i. r l = ioon 

0.8 

30 


1 0 

30 


V/ps 

Power Bandwidth 

R L = 100.Q 


20 



20 


kHz 

Small Signal Transient Response 



0.3 

1 0 


0 3 

1 5 

PS 

Small Signal Overshoot 



5 

20 


10 

30 

% 

Settling Time (0.1%) 

AV in = 10V, A v = +1 


4 



4 


PS 

Overload Recovery Time 



3 



3 


Ats 

Harmonic Distortion 

f = 1 kHz. P 0 = 0.5W 


02 



0.2 


% 

Input Noise Voltage 

R s = 50ft, B.W. = 10 Hz to 10 kHz 


5 



5 


pV rms 

Input Noise Current 

B.W. = 10 Hz to 10 kHz 


0.05 



0.05 


nA rms 
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LH0021/LH0021 C, 
LH0041/LH0041 C 




LH0021/LH0021C, 

LH0041/LH0041C 


DC Electrical Characteristics for lhoo4i/lhoo4ic (Note 4) 



LIM 

ITS 


PARAMETER 

CONDITIONS 

LH0041 

LH0041C 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Offset Voltage 

R s < 100 a T a - 25 C 


1 0 

30 


30 

60 

mV 


R s < 100 £2 



50 



7 5 

mV 

Voltage Drift with Temperature 

R s < 100£2 


3 



5 


/iV/°C 

Offset Voltage Drift with Time 



5 



5 


pV/ week 

Offset Voltage Change with Output Power 



15 



15 


pV/watt 

Offset Voltage Adjustment Range 

(Note 5) 


20 



20 


mV 

Input Offset Current 

T a - 25 C 


30 

100 


50 

200 

nA 





300 



500 

nA 

Offset Cuirent Drift with Temperature 



0 1 

1 0 


0.2 

1.0 

nA/°C 

Offset Current Drift with Time 



2 



2 


nA/week 

Input Bias Current 

T a - 25 C 


100 

300 


200 

500 

nA 





1 0 



1 0 

pA 

Input Resistance 

T a - 25 C 

03 

1 0 


0.3 

1.0 


Mf2 

Input Capacitance 



3 



3 


PF 

Common Mode Rejection Ratio 

R s <. 100 £2, AV cm = +10V 

70 

90 


70 

90 


dB 

Input Voltage Range 

V s - 115V 

M2 



f 12 



V 

Power Supply Rejection Ratio 

R s < 100J2, AV S = ±10V 

80 

96 


70 

90 


dB 

Voltage Gam 

V s = t15V. V 0 - + 10V 

R L = 1 k£2, T a - 25 C 

V s = ±15V. V 0 =- ±10V 

100 

200 


100 

200 


V/ mV 


R l = 100£2 

25 



20 



V/mV 

Output Voltage Swing 

V s - 1 15V, R L = 100£2 

1 13 0 

14.0 


113.0 

±140 


V 

Output Short Circuit Current 

V s = ± 15V, T a 25 C 


200 

300 


200 

300 

mA 


(Note 6) 








Power Supply Current 

V 5 = ±15V. V OUT “ 0 


2.5 

3 5 


30 

4 0. 

mA 

Power Consumption 

V G = ±15V. V OUT = 0 


75 

105 


90 

120 

mW 


AC Electrical Characteristics tor lhckmi/lhocmic (t a =25°c, v s =±i5v, c c =3ooopF) 


Slew Rate 

A v - +1, R l = 100S2 

1.5 

30 


1 0 

30 


V/ps 

• Power Bandwidth 

R l - 100£2 


20 



20 


kHz 

Small Signal Transient Response 



0.3 

1 0 


0.3 

1.5 

PS 

Small Signal Overshoot 



5 

20 


10 

30 

% 

Settling T ime (0 1%) 

AV in ■= 10V, A v = +1 

, 

4 



4 


PS 

Overload Recovery Time 



3 



3 


VS 

Harmonic Distortion 

f = 1 kHz, P Q = 0.5W 


02 



02 


% 

Input Noise Voltage 

R s = 50S2, B W = 10 Hz to 10 kHz 


5 



5 


pV/rms 

Input Noise Current 

B.W = 10 Hz to 10 kHz 


0 05 



0.05 


nA/rms 


Note 1 : Rating applies for supply voltages above ±1 5V. For supplies less than ±1 5V, rating is equal to supply voltage. 

Note 2: Rating applies for LH0041 G and LH0021 K with R$c = 012. 

Note 3: Rating applies as long as package power rating is not exceeded. 

Note 4: Specifications apply for ±5V < Vs ±18V, and -55°C < Tc = < 125°C for LH0021Kand LH0041G, and -25°C < 
T C < +85°C for LH0021CK, LH0041CG and LH0041CJ unless otherwise specified. Typical values are for 25° C only. 

Note 5: TO-8 "G" packages only. 

Note 6: Rating applies for "J" DIP package and for TO-8 "G” package with RgQ = 3.3 ohms. 
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Typical Performance Characteristics 


Power Derating-LH0021 



0 25 50 75 100 125 


TEMPERATURE TC) 


Safe Operating Area — LH0021 



-15 -10 -5 0 5 10 15 

OUTPUT VOLTAGE (V) 


Package Power Dissipation 
LH0041/LH0041C 



0 25 50 75 100 125 150 


TEMPERATURE (°C) 


Output Voltage Swing 

18 
16 

> 14 

S 12 

o 10 

> 

3 8 

£ 

o 6 
4 
2 

4 6 8 10 12 14 16 18 20 

SUPPLY VOLTAGE LV) 



Open Loop Frequency 
Response 



1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Large Signal Frequency 
Response 



Ik 10k 100k 1M 


FREQUENCY (Hz) 


Voltage Follower Pulse 
Response 



0 5 10 15 20 25 30 35 

TIME (ns) 


No Load Supply Current 



Short Circuit Current vs 
Temperature LH0021/LH0021C 



-75 -50 -25 0 25 50 75 100 125 150 
CASE TEMPERATURE (°C) 


Short Circuit Current vs 
Temperature LH0041/LH0041C 



-50 -25 0 25 50 75 100 125 

CASE TEMPERATURE (°C) 


Input Bias Current 



- 





■ 

B 

H5 


■ 


m 

He 

■jj* 




m 

■ 



■ 


m 




■ 


i 

mi 

E5 











n 

B 











■■ 

■■ 

■■ 

■■ 




5 10 15 20 


SUPPLY VOLTAGE (±V) 


SUPPLY VOLTAGE (±V) 



3-307 


LH0021/LH0021C, 
LH0041/LH0041 C 





LH0021/LH0021C, 

LH0041/LH0041C 










LH0021/LH0021 C, 
LH0041/LH0041C 


Auxiliary Circuits 




LH0021 Unity Gain Circuit with LH0041G Unity Gain with 

Short Circuit Limiting Short Circuit Limiting 


R2 



LH0041/LH0021 Offset Voltage Null Circuit 
(LH0041CJ Pin Connections Shown)* 



LH0041G Offset Voltage Null Circuit * 



Operation from Non-Symmetrical Supplies 


*For additional offset null circuit techniques see National Linear Applications Handbook. 
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Egl National 
mi Semiconductor 
LH0022/LH0022C High Performance FET Op Amp 
LH0042/LH0042C Low Cost FET Op Amp 
LH0052/LH0052C Precision FET 


General Description 

The LH0022/LH0042/LH0052 are a family of 
FET input operational amplifiers with very closely 
matched input characteristics, very high input 
impedance, and Ultra-low input currents with no 
compromise in noise, common mode rejection 
ratio, open loop gain, or slew rate. The internally 
laser nulled LH0052 offers 500 microvolts maxi- 
mum offset and 5/iV/°C offset drift. Input offset 
current is less than 500 femtoamps at room tem- 
perature and 500 pA maximum at 125°C. The 
LH0022 and LH0042 are not internally nulled but 
offer comparable matching characteristics. All de- 
vices in the family are internally compensated and 
are free of latch-up and unusual oscillation prob- 
lems. The devices may be offset nulled with a 
single 10k trimpot with neglible effect in CMRR 

The LH0022, LH0042 and LH0052 are specified 
for operation over the -55°C to +125°C military 
temperature range. The LH0022C, LH0042C and 
LH0052C are specified for operation over the 
-25°C to +85°C temperature range. 

Features 

n Low input offset current — 500 femtoamps max. 
(LH0052) 


a Low input offset drift- 5/uV/°C max (LH0052) 
□ Low input offset voltage — 100 microvolts-typ. 
n High open loop gain — 100 dB typ. 
s Excellent slew rate — 3.0 V//is typ. 
a Internal 6 dB/octave frequency compensation 
a Pin compatible with standard 1C op amps (TO-5 
package) 

The LH0022/LH0042/LH0052 family of 1C op 
amps are intended to fulfill a wide variety of appli- 
cations for process control, medical instrumenta- 
tion, and other systems requiring very low input 
currents and tightly matched 1 input offsets. The 
LH0052 is particularly suited for long term high 
accuracy integrators and high accuracy sample 
and hold buffer amplifiers. The LH0022 and 
LH0042 provide low cost high performance for 
such applications as electrometer and photocell 
amplification, pico-ammeters, and high input im- 
pedance buffers. 

Special electrical parameter selection and custom 
built circuits are available on special request. 

For additional application information and infor- 
mation on other National operational amplifiers, 
see Available Linear Applications Literature. 


Schematic and Connection Diagrams 


Duai-in-Line Package 




Order Number LH0022D, 
LH0022CD, LH0042D, LH0042CD, 
LH0052D or LH0052CD 
See Package D14E 

Metal Can Package 



TOP VIEW 

Order Number LH0022H, LH0022CH, 
LH0042H, LH0042CH, 
LH0052H or LH0052CH 
See Package H08A 


•Previously Called NH0022/NH0022C 
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LH0022/C, LH0G42/C, LH0052/C 



LH0022/C, LH0042/C, LH0052/C 


Absolute Maximum Ratings 


±22V 
500 mW 
±15V 
±30V 
±0.5V 
Continuous 
I 

-55°C to +125°C 
-25°C to +85° C 
-65°C to +1 50° C 
300°C 


DC Electrical Characteristics for LH 0022 /LH 0022 C (Note 3) 




LIMITS 


PARAMETER 

CONDITIONS 

LH0022 

LH0022C 

UNITS 





MAX 

Kil 

TYP 

MAX 


Input Offset Voltage 

R s <; 100 kS2; T A = 25°C, 

V s = ±1 5V 


2.0 


■ 

3.5 

6.0 

mV 





,5.0 



70 

mV 

Temperature Coefficient of 



5 

10 


5 

15 

pV/° C 

Input Offset Voltage 









Offset Voltage Drift with Time 



3 



4 


/iV/week 

Input Offset Current 

(Note 4) 


0.2 

2.0 


1.0 

50 

pA 





2.0 



0.5 

nA 

Temperature Coefficient of 


Doubles every 

10°C 

Doubles every 

10°C 


Input Offset Current 









Offset Current Drift with Time 



0.1 



0.1 


pA/week 

Input Bias Current 

(Note 4) 


5 

10 


10 

25 

pA 





10 



2.5 

nA 

Temperature Coefficient of 


Doubles every 

10°C 

Doubles every 10°C 


Input Bias Current 









Differential Input Resistance 



10 12 



10 12 


il 

Common Mode Input Resistance 



10 12 



10 12 


n 

Input Capacitance 



4 0 



4.0 


pF 

Input Voltage Range 

V s = ±15V 

±12 

±13.5 


±12 

±13 5 


V 

Common Mode Rejection Ratio 

R s <, 10 kS2, V tN = 110V 

80 

90 


70 

90 


dB 

Supply Voltage Rejection Ratio 

Rs^lOktt, ±5V^V S ^±15V 

80 

90 



90 


dB 

Large Signal Voltage Gam 

R l = 2ktt, V OUT = ±10V, 

T a = 25°C, V s = ±15V 




75 

160 


V/mV 


R l = 2kf2, V OUT "= +10V, 

V s = ±15V 

50 



50 



V/mV 

Output Voltage Swing 

R L = 1 kU, T a = 25°C, 

V s = ±15V 

±10 

±125 


±10 

±12 


V 


R L = 2 kn. v s = ±15V 

±10 



±10 



V 

Output Current Swing 

Vout = ±10V, T a = 25°C 

±10 

±15 


±10 

±15 


mA 

Output Resistance 



7S 



75 



Output Short Circuit Current 



25 



25 


mA 

Supply Current 

V s = ±15V 


2.0 

2.5 


2.4 

2.8 

mA 

Power Consumption 

V S = ±15V 



75 



85 

mW 


Supply Voltage 

Power Dissipation (see graph) 

Input Voltage (Note 1) 

Differential Input Voltage (Note 2) 
Voltage Between Offset Null and V~ 
Short Circuit Duration 
Operating Temperature Range 
LH0022, LH0042, LH0052 
LH0022C, LH0042C, LH0052C 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 
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DC Electrical Characteristics forLH0042/LH0042c (Note 3) 



Limits 


Parameter 

Conditions 

LH0042 

LH0042C 

Units 



Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Input Offset Voltage 

R s < 100 kQ 


5.6 

20 


6.0 

20 

mV 

Temperature Coefficient of 

Input Offset Voltage 

R s < 100 kQ 


5.0 



10 


M v/°c 

Offset Voltage Drift with Time 



7.0 



10 


\Nl week 

Input Offset Current 

(Note 4) 


1.0 

5.0 


2.0 

10 

pA 

Temperature Coefficient of 


Doubles every 10°C 

Doubles every 10°C 


Input Offset Current 

Offset Current Drift with Time 



0.1 



0.1 


pA/week 

Input Bias Current 

(Note 4) 


10 

25 


15 

50 

pA 

Temperature Coeffieient of 


Doubles every 10°C 

Doubles every 19°C 


Input Bias Current 

Differential Input Resistance 



1012 



1012 


Q 

Common Mode Input Resistance 



1012 



1012 


Q 

Input Capacitance 



4.0 



4.0 


PF 

Input Voltage Range 


±12 

±13.5 


±12 

±13.5 


V 

Common Mode Rejection Ratio 

R s < 10kQ, V, N = ±10V 

70 

86 


70 

80 


dB 

Supply Voltage Rejection Ratio 

R s < 10 kQ, ±5V < V s ±15 V 

70 

86 


70 

80 


dB 

Large Signal Voltage Gain 

Rs < 2kQ, Vout = ±10 V 

50 

150 


25 

100 


V/mV 

Output Voltage Swing 

R L = 1kQ, T a = 25°C 

±10 

±12.5 


±10 

±12 


V 


R L = 2kQ 

±10 



±10 



V 

Output Current Swing 

Vqut = ±10V 

±10 

±15 


±10 

±15 


mA 

Output Resistance 



75 



75 


Q 

Output Short Circuit Current 



20 



20 


mA 

Supply Current 



2.5 

3.5 


2.8 

4.0 

mA 

' Power Consumption 




105 



120 

mW 

- DC Electrical Characteristics For lhoo52/lhoo52c (Note 3) 



Limits 


Parameter 

Conditions 

LH0052 

LH0Q52C 

Units 



Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Input Offset Voltage 

R s < 100 kQ, V s = +15 V 

T a = 25°C 


0.1 

0.5 


0.2 

1.0 

mV 


R s < 100 kQ, V S = ±15V 



1.0 



1.5 

mV 

Temperature Coefficient of 

Input Offset Voltage 

R s < 100 kQ, V s = ±15 V 


2.0 

5.0 


5.0 

10 

M v/°c 

Offset Voltage Drift with Time 



2.0 



4.0 


\N \ week 

Input Offset Current 

(Note 4) 


0.01 

5.0 


0.02 

1.0 

pA 





500 



100 

pA 

Temperature Coefficient of 


Doubles every 10°C 

Doubles every 10°C 


Input Offset Current 









Offset Current Drift with Time 


<0.1 



<0.1 



pA/week 

Input Bias Current 

(Note 4) 


0.5 

2.5 


1.0 

5.0 

pA 





2.5 



0.5 

nA 

Temperature Coefficient of 


Doubles every 10°C 

Doubles every 10°C 


Input Bias Current 

Differential Input Resistance 



1012 



1012 


Q 

Common Mode Input Resistance 



1012 



1012 


Q 

Input Capacitance 



4.0 



4.0 


PF 

Input Voltage Range 

V s = ±15V • 

±12 

±13.5 


±12 

±13.5 


V 

Common Mode Rejection Ratio 

R s < 10 kQ, V )N = ±10 V 

74 

90 


70 

90 


dB 

Supply Voltage Rejection Ratio 

R s < 10 kQ, ±5V< V S <±15V 

74 

90 


70 

90 


dB 

Large Signal Voltage Gain 

R l = 2KQ, V 0 ut = ±10' V 

V s = ±15 V, T a = 25°C 

100 

200 


75 

160 


V/mV 


R L = 2kQ, Vout = ±10 V 

V s = ±15 V 

50 



50 



V/mV 

Output Voltage Swing 

R L = 1 kQ, T a = 25°C 

V S = ±15V 

±10 

±12.5 


±10 

±12 


V , 


R L = 2 kQ, V S = ±15V 

±10 



±10 



V 

Output Current Swing 

Vqut = ±10 V, t A = 25°C 

±10 

±15 


±10 

±15 


mA 

Output Resistance 



.75 



75 


Q 

Output Short Circuit Current 



25 



25 


mA 

Supply Current 

V s = ±15V 


3.0 

3.5 


3.0 

3.8 

mA 

Power Consumption 

Vs = ±15 V 



105 



114 

mW 
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LH0022/C, LH0042/C, 


AC Electrical Characteristics For all amplifiers (T A = 25°C, Vs = 




LIMITS 


PARAMETER 

CONDITIONS 

LH0022/ 42/52 

LH0022C/42C/52C 

UNITS 




TYP 



122011 


Slew Rate 

Voltage Follower 

1.5 

3.0 


1.0 

3.0 


V/ps 

Large Signal Bandwidth 

Voltage Follower 


40 



40 


kHz 

Small Signal Bandwidth 



1.0 



1.0 


MHz 

Rise Time 



0.3 

1.5 


0.3 

1.5 


Overshoot 



10 

30 


15 

40 

% 

Settling Time (0.1 %) 

AV in = 10V 


4.5 



4.5 


MS 

Overload Recovery 



4.0 



4.0 


MS 

Input Noise Voltage 

R s = 10kS7, f c = 10 Hz 


150 



150 


nVA/Hl 

Input Noise Voltage 

R s = 10 kS2, f G = 100 Hz 


55 



55 


nV/\/Hz 

Input Noise Voltage 

R s = 10 kft, f D = 1 kHz 


35 



35 


nV/v/Hl 

Input Noise Voltage 

R s = 10 kfi, f 0 = 10 kHz 


30 



30 


nV/v/Hz 

Input Noise Voltage 

BW = 10 Hz to 10 kHz, R s = 10 kft 


12 



12 


pVrms 

Input Noise Current 

BW = 10 Hz to 10 kHz 


<.1 



<.1 


pArms 


Note 1: For supply voltages less than + 15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 2: Rating applies for minimum source resistance of 10 kfi, for source resistances less than 10 kLZ, maximum differential 
input voltage is t5V. 

Note 3: Unless otherwise specified, these specifications apply for *.5V < Vs < ±20V and -55° C < < ±125°C for the? 

LH0022 and LH0052 and -25°C < T A < +85° C for the LH0022C and LH0052C Typical values are given for T/\ 25° C. 

Note 4: Input currents are a strong function of temperature. Due to high speed testing they are specified a junction temperature 
T; = 25° C, self heating will cause an increase in current in manual tests. 


Auxiliary Circuits (Shown for TO-5 pin out) 




Protecting Inputs From ±150V Transients 



H0002 -O OUTPUT 


Typical Applications 


Boosting Output Drive to ± 100 mA 


CUARO^ | 

n 

i 

2 

r 


_ J z 

ZZ o o’ 



|~ F01YSTYRENE 

Low Drift Sample and Hold 


Precision Voltage Comparator 
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LH0022/C, LH0042/C, LH0052/C 


Typical Performance Characteristics 



0 50 100 150 200 


Input Offset Current 
vs Temperature 



25 45 65 85 105 125 


Input Bias Current vs 
Temperature 



25 45 65 85 105 125 


TEMPERATURE ( C) 


T- TEMPERATURE (°C) 


T - TEMPERATURE (°C) 


Input Bias Current vs Input 
Voltage 



-10 -6 -2 2 6 10 
COMMON MODE INPUT VOLTAGE (V) 


Input Offset Voltage 
vs Temperature 



-60 -20 20 60 100 140 

TEMPERATURE TC) 


Offset Error (Without 
Vos Null) .. 


1 

■■■ 

\m 

■■ijjjjj 

ill 

iiiijili 

■siiiu 

■ 

1!1III!!IIH(|! 

■11111111 

ilium 



I 

LH002Z -'MAXIMUM ■ 

■iiniiii 

— iaiiiiii 

_ 

LH0022 - TYPICAL W\ 

!!!!■!!!!!)!! 

— 

^^^LH0052 -MAXIMUM^Uff 
LH0052 TYPICALl3#Jfl|p 


mini n nil Thill Tftffi 


100K 1M 10M 100M 1000M 

INPUT SOURCE RESISTANCE (S2) 


Offset Error (Without 
Vos Null) 



INPUT SOURCE RESISTANCE (U) 


Total Input Noise Voltage* 
vs Source Resistance 



Ik 10k 100k 1M 10M 

SOURCE RESISTANCE (ft) 


Total Input Noise Voltage* 
vs Frequency 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Common Mode Input Voltage 



SUPPLY VOLTAGE (iV) 


Stabilization Time of Input 
Offset Voltage from Power 
Turn-On 






— i — i — i — i — i — 
T a = 25°C 

V s = t15 









PR 

EVIC 

JUS 

Vos 

£1 

^v 


L_ 










V 










A 























5s»« 






Ion 









_L 










0 12 3 4 


TIME FROM POWER APPLICATION (MIN) 


Change in Input Offset 
Voltage Due to Thermal 
Shock vs Time 


i 

I 

I 

i 

g 

■ 







1 

II 

1 

C 










1 

ft 














PREVIOUS QUIESCENT] 






u 

Vo 

M 

Ifi 

V 

u 









A 








-t, 

UPP 

-V 









_ 


_ 

_ 








-20 0 20 40 60 80 100 

TIME FROM HEAT APPLICATION (sac) 


•Noise Voltage Includes Contribution from Source Resistance 
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Typical Performance Characteristics (cont-dy 


Supply Voltage vs 
Supply Current 



4 6 8 10 12 14 16 18 

SUPPLY VOLTAGE ( V| 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Output Swing vs Supply 
Voltage 



5 10 15 20 

SUPPLY VOLTAGE {-V) 


Output Voltage Swing 
vs Load Resistance 



0.1 0.2 0.5 1.0 2.0 5.0 10 

LOAD RESISTANCE (kn) 


Current Limiting 



Output Voltage Swing vs 
Frequency 



Ik 10k 100k 1M 10M 


FREQUENCY (Hi) 


Voltage Follower Large 
Signal Response 



0 2 4 6 8 10 

TIME U) 


Transient Response 



T (ms) 


Frequency Characteristics vs 
Ambient Temperature 



-60 -20 20 60 100 140 


TEMPERATURE (°C) 


Frequency Characteristics vs 
Supply Voltage 



Output Resistance vs 
Frequency 



100 Ik 10k 100k 1M 


FREQUENCY (Hz) 


Open Loop Transfer 
Characteristics vs Frequency 



0 

-* 5 t 

-90 i 
-135 ■ 
-180 


1 10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 
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LH0024/LH0024C 



JOT National Operational Amplifiers/Buffers 

mjA Semiconductor 

LH0024/LH0024C High Slew Rate Operational 
Amplifier 


General Description 

The LH0024/ LH0024C is a very wide bandwidth, 
high slew rate operational amplifier intended to 
fulfill a wide variety of high speed applications 
such as buffers to A to D and D to A converters 
and high speed comparators. The device exhibits 
useful gain in excess of 50 MHz making it possible 
to use in video applications requiring higher gain 
accuracy than is usually associated with such 
amplifiers. 

Features 

■ Very high slew rate — 500 V//us at Av = +1 

■ Wide small signal bandwidth — 70 MHz 

■ Wide large signal bandwidth - 15 MHz 

■ High output swing -±12V into IK 


■ Offset null with single pot 

■ Low input offset - 2 mV 

■ Pin compatible with standard iC op amps 


The LH0024/LH0024C's combination of wide 
bandwidth and high slew rate make it an ideal 
choice for a variety of high speed applications 
including active filters, oscillators, and compara- 
tors as well as many high speed general purpose 
applications. 

The LH0024 is guaranteed, over the temperature 
range -55°C to +125°C, whereas the LH0024C 
is guaranteed -25°C to +85°C. 


Schematic and Connection Diagrams 


COMP/NULL 



Typical Applications 


Metal Can Package 


COMP NUll 



TOP VIEW 

Note. For heat (ink uie 
Thermalloy 2230- S (tries. 

Order Number LH0024H or LH0024CH 
See Package H08B 


\A 

'Hi 


TTL Compatible Comparator 


Offset Null 


Video Amplifier 




Absolute Maximum Ratings 

Supply Voltage 
Input Voltage 
Differential Input Voltage 
Power Dissipation 

Operating Temperature Range LH0024 
LH0024C 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


DC Electrical Characteristics (Note v 


PARAMETER 

CONDITIONS 

LH0024 

LH0024C 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

R s = 50H, T A = 25°C 


2.0 

4.0 


5.0 

8.0 

mV 


R s = 50Q 



6.0 



10.0 

mV 

Average T emperature 

V s = ±15V, R s = 50H 


-20 



-25 


juV/°C 

Coefficient of Input 
Offset Voltage 

-55°C to 125°C 








Input Offset Current 

T a - 25°C 


2.0 

5.0 


4.0 

15.0 

fiA 





10.0 



20.0 

fdA 

Input Bias Current 

T a = 25° C 


15 

30 


18 

40 

ma 





40 



50 

juA 

Supply Current 



12.5 

15 


12.5 

15 

mA 

Large Signal Voltage 

V s = ±15V, R L = 1 k, T a - 25° C 

4 

5 


3 

4 


V/mV 

Gain 

V s * ±15V, R l = Ik 

3 



2.5 



V/mV 

Input Voltage Range 

V s = ±15V 

±12 

±13 


±12 

±13 


V 

Output Voltage 

V s = ±1 5 V, R l = Ik, T a = 25°C 

±12 

±13 


±10 

±13 


V 

Swing 

V s = ±15V, R l = Ik 

±10 



±10 



V 

Slew Rate 

V s = ±15V, R L = Ik, 

C-j = C 2 = 30 pF 

A v = +1,T A = 25°C 

400 

500 


250 

400 


V/m s 

Common Mode 

V s = ±15V, AV in = ±10V 


60 



60 


dB 

Rejection Ratio 

R s = 50ft 








Power Supply 

±5V ^.V S <±18V 


60 



60 


dB 

Rejection Ratio 

R s = son 









Note 1 : These specifications apply for V$ = ± 1 5V and -55°C to +1 25°C for the LH0024 and -25°C to +85°C for the LH0024C. 


Frequency Compensation 

TABLE I Frequency Compensation Circuit 


Cl 



CLOSED 

LOOP GAIN 

Cl 

c 2 

C 3 

100 

0 

0 

0 

20 

0 

0 

0 

10 

0 

20 pF 

1 pF 

1 

30 pF 

30 pF 

3 pF 


±18V 

Equal to Supply 
±5V 
600 mW 
-55°C to + 125°C 
-25° C to +85° C 
-65°C to +150°C 
300°C 
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LH0024/LH0024C 


Typical Performance Characteristics 


Maximum Power Dissipation 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Large Signal Frequency 
Response . 



10K 100K 1M 10M 100M 


Open Loop Frequency 
Response 



10h 100k 1M 10M 100M 


Voltage Follower Pulse 
Response 


Cl = C2 = 30pF 
_R l = 1K I 
A V = +1| I 1 


100 200 300 400 500 


Input Voltage vs Supply 
Voltage 



10 15 20 


Output Voltage Swing 



10 15 20 


SUPPLY VOLTAGE (tV) 


SUPPLY VOLTAGE ( V) 


Supply Current vs Supply 
Voltage 



8 10 12 14 16 18 

SUPPLY VOLTAGE (tV) 


Input Bias Current vs Voltage 



46 8 10 12 14 16 18 

SUPPLY VOLTAGE (?V) 


Applications information 

1. Layout Considerations 

The LH0024/LH0024C, like most high speed cir- 
cuitry, is sensitive to layout and stray capacitance. 
Power supplies should be by-passed as near the 
device as is practicable with at least .01 /iF disc 
type capacitors. Compensating capacitors should 
also be placed as close to device as possible. 

2. Compensation Recommendations 

Compensation schemes recommended in Table 1 
work well under typical conditions. However, poor 
layout and long lead lengths can degrade the per- 
formance of the LH0024 or cause the device to 
oscillate. Slight adjustments in the values for 
Cl, C2, and C3 may be necessary for a given 
layout. In particular, when operating at a gain of 


-1, C3 may require adjustment in order to per- 
fectly cancel the input capacitance of the device. 

When operating the LH0024/LH0024C at a gain 
of +1; the value of R1 should be at least IK ohm. 

The case of the LH0024 is electrically isolated from 
the circuit; hence, it may be advantageous to drive 
the case in order to minimize stray capacitances. 

3. Heat Sinking 

The LH0024/LH0024C is specified for operation 
without the use of an explicit heat sink. However, 
internal power dissipation does cause a significant 
temperature rise. Improved offset voltage drift 
can be obtained by limiting the temperature rise 
with a clip-on heat sink such as the Thermalloy 
2228B or equivalent. 
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National 

Semiconductor 


Operational Amplifiers/Buffers 


LH0032/LH0032C Ultra Fast FET 
Operational Amplifier 


General Description 

The LH0032/LH0032C is a high slew rate, high input im- 
pedance differential operational amplifier suitable for 
diverse application in fast signal handling. The high al- 
lowable differential input voltage, ease of output clamp- 
ing, and high output drive capability particularly suit it 
for comparator applications. It may be used in applica- 
tions normally reserved for video amplifiers allowing the 
use of operational gain setting and frequency response 
shaping into the megahertz region. 

Features 

■ 500V/^s slew rate 

■ 70MHz bandwidth 

■ 10 12 Q input impedance 


■ 5 mV max. input offset voltage 

■ FET input 

■ Offset null with single pot 

■ No compensation for gains above 50 

■ Peak output current to 100 mA 

The LH0032’s wide bandwidth, high input impedance 
and high output capacity make it an ideal choice for ap- 
plications such as summing amplifiers in high speed D 
to A’s, buffers in data acquisition systems, and sample 
and hold circuits. Additional applications include high 
speed integrators and video amplifiers. The LH0032 is 
guaranteed over the temperature range -55°C to +125°C 
and the LH0032C is guaranteed from -25°C to +85°C. 


Schematic and Connection Diagrams 



TOP VIEW 
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LH0032/LH0032C 


Absolute Maximum Ratings 

Supply Voltage, V s ±18V 

Input Voltage, V| N ±V S 

Differential Input Voltage ±30V or ±2V S \ 

Power Dissipation, P D 

T a = 25°C 1.5W, derate 100°C/W to 125°C (Note 1) 

T c = 25°C 2.2W, derate 70°C/W to 125°C (Note 1) 

Operating Temperature Range, T A 
LH0032G - -55°C to +125°C 

LH0032CG -25°C to +85°C 

Operating Junction Temperature, Tj 175°C 

Storage Temperature Range -65°Cto +150°C 

Lead Temperature (soldering, 10 seconds) 300°C 


DC Electrical Characteristics V S = ±15V, T MiN < T a < T max unless otherwise noted 


Parameter 

Test Conditions 

LH0032G 

LH0032CG 

Units 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Vos 

Input Offset Voltage 


T a = Tj = 25°C (Note 2) 


2 

5 


2 

15 

mV 







10 



20 


AV 0S /AT 

Average Offset 











Voltage Drift 




25 



25 


/iV/°C 

los 

Input Offset Current 


Tj =25°C (Note 2) 



25 



50 

pA 



V|N=0 

T a = 25°C (Note 3) 



250 



500 

pA 




Tj =T a = T M ax 



25 



5 

nA 

Ib 

Input Bias Current 


Tj = 25°C (Note 2) 



100 



500 

PA 




T a = 25 °C (Note 3) 



1 



5 

nA 




Tj ="r A = T MAX 



50 



15 

nA 

Vincm 

Input Voltage Range 


±10 

±12 


±10 

±12 


V 

CMRR 

Common Mode 











Rejection Ratio 

AV| N = 10V 

50 

60 


50 

60 


dB 

a vol 

Open-Loop Voltage 

V o = ±10V, f = 1kHz 1 Tj = 25 °C 

60 

70 


60 

70 


dB 


Gain 

R L =1kQ 


57 



57 




V 0 

Output Voltage Swing 

R L = 1kQ 

±10 

±13.5 


±10 

±13 


V 

Is 

Power Supply Current 

Tj = 25°C, l o = 0 


18 

20 


20 

22 

mA 

PSRR 

Power Supply 











Rejection Ratio 

II 

o 

< 


50 

60 


50 

60 


dB 


AC Electrical Characteristics v s =±i5v, R L =ikQ,T J =25 ,> c 


Parameter 

Conditions 

Min. 

Typ. 

Max. 

Units 

Sr 

Slew Rate ! 

A v = +1 

AV, n = 20V 

350 

500 


V/ms 

*s 

Settling Time to 1% of Final Value 

Ay = “1, 


100 



ts 

Settling Time to 0.1% of Final Value 


300 


ns 

tR 

Small Signal Rise Time 

A v = +1; AV| N = IV 


8 

20 


to 

Small Signal Delay time 


10 

25 



Note 1: In order to limit maximum junction temperature to +175°C, it may be necessary to operate with V§ < ±15V when T A or Tc 
exceeds specific values depending on the Pp within the device package. Total Pp is the sum of quiescent and load-related dissipation. 
See Applications Notes AN277, “Applications of Wide-Band Buffer Amplifiers” and AN253, “High-Speed Operational-Amplifier 
Applications” for a discussion of load-related power dissipation. 

Note 2: Specification is at 25°C junction temperature due to requirements of high-speed automatic testing. Actual values at operating 
temperature will exceed the value at Tj = 25°C. When supply voltages are ±15V, no-load operating junction temperature may rise 
40-60°C above ambient and more under load conditions. Accordingly, Vqs may change one to several mV, and Ib and Iqs will change 
significantly during warm-up. Refer to Ib and los vs. temperature graph for expected values. 

Note 3: Measured in still air 7 minutes after application of power. i 
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Typical Performance Characteristics 


Maximum Power 
Dissipation 


Supply Current vs. 
Supply Voltage 


Input Voltage Range and 
Output Voltage vs. 
Supply Voltage 





SUPPLY VOLTAGE (±V) 


Bode Plot 
(Uncompensated) 


Bode Plot (Unity Gain 
Compensation) 




FREQUENCY (Hz) 


FREQUENCY (Hz) 


Large Signal Frequency 
Response 



10 100 1M 10M 100M 

FREQUENCY (Hz) 


Common Mode Rejection 
Ratio vs. Frequency 


Large Signal Pulse 
Response 


Large Signal Pulse 
Response 



10k 100k 1M 10M 100M 

FREQUENCY (Hz) 


Normalized Input Bias 
and Offset Current vs. 
Junction Temperature 




0 100 200 300 400 500 

. TIME (ns) 


Normalized Input Bias 
Current During Warm-Up 








— 

V S -±15V_ 
A v * +10 








f 





«L = 

IK 


' 


















1 









t 









1 


J 







_L 




_ ^ 







□ 




J 




0 100 200 300 400 500 

TIME (ns) 


Input Bias Current vs. 
Input Voltage 



JUNCTION TEMPERATURE (°C) 


TIME FROM POWER TURN-ON (MINUTES) 


POSITIVE SUPPLY VOLTAGE MINUS 
INPUT VOLTAGE [Vs + -V|N] (VOLTS) 
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TOTAL INPUT NOISE VOLTAGE (nV/v/Hz) 


Auxiliary Circuits 


Total Input Noise 
Voltage vs. Frequency* 


Offset Null 


Output Short Circuit Protection 
v + 

I LM113 


INPUTS . LH0032 OUTPUT 

- ^Tio 


10 100 Ik 10k 

FREQUENCY (Hi) 

* Noise voltage includes contribution from source resistance. 

Typical Applications 

Unity Gain Amplifier 


V* 

' 

V 


8-10 pF 



H h 

12 

l 2 


er 



. TYP. BW3dB = 45MHz 

100X Buffer Amplifier 


V 


d'N. 

12 • 

1.80032 ^11—" fl 


10 

PI 

10K 

5 100 V 

. 


10X Buffer Amplifier 
v + 

i I I 'Pf 


INPUT - - I + 


TYP. BW 3 dB = 10MHz 


Non-Compensated Unity Gain Inverter 


,,T 


270 ft I LH0032 


TYP. BW3dB = 5 MHz 


TYP. BW3dB=70MHz 







LH0032/LH0032C 


Applications Information 

Power Supply Decoupling 

The LH0032/LH0032C, like most high speed circuits, is 
sensitive to layout and stray capacitance. Power sup- 
plies should be by-passed as near to pins 10 and 12 as 
practicable with low inductance capacitors such as 
0.01 pF disc ceramics. Compensation components 
should also be located close to the appropriate pins to 
minimize stray reactances. 

Input Current 

Because the input devices are FETs, the input bias cur- 
rent may be expected to double for each 11 °C junction 
temperature rise. This characteristic is plotted in the 
typical performance characteristics graphs. The device 
will self-heat due to internal power dissipation after ap- 
plication of power thus raising the FET junction tempera- 
ture 40-60°C above free-air ambient temperature when 
supplies are ±15V. The device temperature will stabilize 
within 5-10 minutes after application of power, and the in- 
put bias currents measured at that time will be indicative 
of normal operating currents. An additional rise would 
occur as power is delivered to a load due to additional 
internal power dissipation. 

There is an additional effect on input bias current as the 
input voltage is changed. The effect, common to all 
FETs, is an avalanche-like increase in gate current as 
the FET gate-to-drain voltage is increased above a 
critical value depending on FET geometry and doping 
levels. This effect will be noted as the Input voltage of 
the LH0032 is taken below ground potential when the 
supplies are ±15V. All of the effects described here may 
be minimized by operating the device with V s < ±15V. 

These effects are indicated in the typical performance 
curves. 


Input Capacitance 

The input capacitance to the LH0032/LH0032C is typi- 
cally 5 pF and thus may form a significant time constant 
with high value resistors. For optimum performance, the 
input capacitance to the inverting input should be com- 
pensated by a small capacitor across the feedback resis- 
tor. The value is strongly dependent on layout and closed 
loop gain, but will typically be in the neighborhood of 
several picofarads. 

In the non-inverting configuration, it may be advan- 
tageous to bootstrap the case and/or a guard conductor 
to the inverting input. This serves both to divert leakage 
currents away from the non-inverting input and to reduce 
the effective input capacitance. A unity gain follower so 
treated will have an input capacitance under a picofarad. 

Heat Sinking 

While the LH0032/LH0032C is specified for operation 
without any explicit heat sink, internal power dissipation 
does cause a significant temperature rise. Improved bias 
current performance can thus be obtained by limiting 
this temperature rise with a small heat sink such as the 
Thermalloy No. 2241 or equivalent. The case of the device 
has no internal connection, so it may be electrically con- 
nected to the sink if this is advantageous.' Be aware, 
however, that this will affect the stray capacitances to 
all pins and may thus require adjustment of circuit com- 
pensation values. 

For additional applications information see Application 
Note AN-253. 
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LH0033/LH0033C, LH0063/LH0Q63C Fast and 
Damn Fast Buffer Amplifiers 

General Description 


The LH0033/LH0033C and LH0063/LH0063C are 
high speed, FET input, voltage follower/buffers 
designed to provide high current drive at fre- 
quencies from DC to over 100 MHz. The LH0033/ 
LH0033C will provide ±10 mA into 1 k!2 loads 
(±100 mA peak) at slew rates of 1500V/jus. The 
LH0063/LH0063C will provide ±250 mA into 
5012 loads (±500 mA peak) at slew rates of up to 
6000V/ps. In addition, both exhibit excellent 
phase linearity up to 20 MHz. 

B.oth are intended to fulfill a wide range of buffer 
applications such as high speed line drivers, video 
impedance transformation, nuclear instrumentation 
amplifiers, op amp isolation buffer for driving 
reactive loads and high impedance input buffers 
for high speed A to D's and comparators. In 
addition, the LH0063/LH0063C can continuously 
drive 5012 coaxial cables or be used as a diddle 
yoke driver for high resolution CRT displays. For 
additional applications information, see AN-48. 


Advantages 

a Only +10V supply needed for 5 V P . P video out 
0 Speed does not degrade system performance 
h Wide data rate range for phase encoded systems 


u Output drive adequate for most loads 
a Single pre-calibrated package 


Features 

D Damn fast (LH0063) 6000V//is 

a Wide range single or dual supply operation 

a Wide power bandwidth DC to 100 MHz 

a High output drive ±10V with 5012 load 

a Low phase non-linearity 2 degrees 

a Fast rise times ' 2 ns 

a High current gain 120 dB 

u High input resistance 10 10 12 


These devices are constructed using specially 
selected junction FET's and active laser trimming 
to, achieve guaranteed performance specifications. 
The LH0033 and LH0063 are specified for opera- 
tion from -55°C to +125°C; whereas, the LH0033C 
and LH0063C are specified from -25°C to +85°C. 
The LH0033/LH0033C is available in a 1.5W 
metal TO-8 package and a special 1/2x1 inch 8 
pin ceramic dual-in-line package while the LH0063/ 
LH0063C is available in a 5W 8-pin TO-3 package. 


Connection Diagrams 


Metal Can Package 


Dual-In-Line Package 


Metal Can Package 



TOP VIEW 

CASE IS ELECTRICALLY 
ISOLATED 


Order Number LH0033G or LH0033CG 
See Package H12B 


INPUT ■ 

OFFSET 

PRESET' 

OFFSET 

aojust' 

OUTPUT- 



TOP VIEW 

Order Number LH0033J or LH0033CJ 
See Package HY08A 



CASE IS ELECTRICALLY 
ISOLATED 


Order Number LH0063K or LH0063CK 
See Package K08A 
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LH0033/LH0033C, 

LH0063/LH0063C 




LH0033/LH0033C, 

LH0063/LH0063C 




Absolute Maximum Ratings 








Supply Voltage (V + - V") 

40V 


Peak Output Current 





Maximum Power Dissipation (See Curves) 


LH0063/LH0063C 



±500 mA 

LH0063/LH0063C 

5W 


LH0033/LH0033C 



±250 mA 

LH0033/LH0033C ' 

1.5W 


Operating Temperature Range 




Maximum Junction Temperature 175°C 


LH0033 and LH0063 


-55°C to +1 25°C 

Input Voltage 

Equal to Supplies 


LH0033C and LH0063C 

-25° C to +85° C 

Continuous Output Current 



Storage Temperature Range 


-€5°C to +150°C 

• LH0063/LH0063C 

±250 mA 


Lead Temperature (Soldering, 10 sec) 


300° C 

LH0033/LH0033C 

±100 mA 








DC Electrical Characteristics v s =±i5v,t min * 

T a < T M ax unless otherwise specified 





Limits 


Parameter 

Conditions 

LH0033 

LH0033C 

Units 



Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Output Offset 

R s = 100 Q, Tj = 25°C, V| N = 0V 


5.0 

10 


12 

20 

mV 

Voltage 

(see note 1) 

R s = 100 Q 



15 



25 

mV 

Average Temperature 
Coefficient of 

R s = 100 Q, V| N = 0V 


50 



50 


mV/° c 

Offset Voltage 

Input Bias 

V IN = 0V Tj = 25°C (Note 1) 



250 



500 

pA 

Current 

T a = 25°C (Note 2) 



2.5 



5.0 

nA 


t j =T a =Tmax 



10 



20 

nA 

Voltage Gain 

V o = ±10V, R s = 100 Q, R L = 1.0kQ 

0.97 

0.98 

1.00 

0.96 

0.98 

1.00 

V/V 

Input Impedance 

R u = 1kQ 

1010 

1011 


10io 

ion 


Q 

Output Impedance 

V| N = ±1.0V, R l = 1.0 k 


6.0 

10 


6.0 

10 

Q 

Output Voltage 

V| = ±14 V, R L = 1.0k 

±12 



±12 



V 

Swing 

V, = ±10.5 V, R l =100&, T a = 25°C 

±9.0 



±9.0 



V 

Supply Current 

> 

o 

II 

z 

> 


20 

22 


21 

24 

mA 

Power Consumption 

V| N = 0V 


600 

660 


630 

720 

mW 

Note 1 is Note 2 of LH0032 








Note 2 is Note 3 of LH0032 








AC Electrical Characteristics t 0 =25°c, v s =±i5v, r s = 

= 50 Q, R L = 1.0 kQ 






Limits 


Parameter 

Conditions 

LH0033 

LH0033C 

Units 



Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Slew Rate 

V, N = ±10V 

1000 

1500 


1000 

1400 


V//i s 

Bandwidth 

< 

z 

II 

o 

< 

3 

CO 


100 



100 


MHz 

Phase Non-Linearity 

BW= 1.0 to 20MHz 


2.0 



2.0 


degrees 

Rise Time 

AV,n = 0.5V 


2.9 



3.2 


ns 

Propagation Delay 

AV, n = 0.5V 


1.2 



1.5 


ns 

Harmonic Distortion 

f > 1 kHz 


<0.1 



<0.1 


% 

Note 1: Specification is at 25°C junction temperature due to requirements of high-speed automatic testing. Actual values at operating 
temperature will exceed the value at Tj = 25°C. When supply voltages are ±15 V, no-load operating junction temperature may rise 
40-60°C above ambient and more under load conditions. Accordingly, V 0 s may change one to several mV, and Ib will change signifi- 

cantly during warm-up. Refer to l B vs. temperature, graph for expected values. 







Note 2: Measured in still air 7 minutes after application of power. 

\ 
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DC Electrical Characteristics v s =±i 5 v, t min < t a < t max unless otherwise specified 



Limits 


Parameter 

Conditions 

LH0063 

LH0063C 

Units 



Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Output Offset 

R s < 100KQ, Tj = 25°C 

R L = 100Q 


10 

25 

100 


10 

50 

100 

mV 

mV 

Average Temperature 
Coefficient of 

Output Offset 

Voltage 

R s < 100 kQ 


300 



300 


mV/°C 

Input Bias 

Current 

Tj = 25°C 


0.1 

10-5 


0.1 

5-5 

nA 

Voltage Gain 

V, N = ±10 V, R s < 100 kQ, R l = 1 kQ 

0.94 

0.96 

1.0 

0.94 

0.96 

1.0 

V/V 

Voltage Gain * 

V| N = ±10V, R s < 100 kQ, R L = 50 Q, 

Tj = 25°C 

0.92 

0.93 

0.98 

0.91 

0.93 

0.98 

V/V 

Input Capacitance 

Case Shorted to Output 


8.0 



8.0 


PF 

Output Impedance 

Vout = ±10V, R s < 100 kQ, R L = 50Q 


1.0 

4.0 


1.0 

4.0 

Q 

Output Current 

Swing 

V 1N = ±10V, R s < 100 kQ 

0.2 

0.25 


0.2 

0.25 


Amps 

Output Voltage 

Swing 

R L = 50Q 

±10 

±13 


±10 

±13 


V 

Output Voltage 

Swing 

V s = ±5.0 V, R l = 50 Q, Tj = 25°C 

5.0 

7.0 


5.09 

7.0 


V 

Supply Current 

Tj = 25°C, Rl = °°, V s = ±15 V 


35 

65 


35 

65 

mA 

Supply Current 

V s = ±5.0 V 


50 



50 


mA 

Power Consumption 

Tj = 25°C, R L = °°, V s = ±15V 


1.05 

1.95 


1.05 

1.95 

W 

Power Consumption 

V S = ±5.0V 


500 



500 


mW 

AC Electrical Characteristics lhoo63/lhoo63C(Tj=25°c, v s = 

±15 V, R s = 50 kQ, R l = 50 Q) 




Limits 


Parameter 

Conditions 

LH0063 

LH0063C 

Units 



Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Slew Rate 

R L = I.OkQ, V, N = ±10V 


6000 



6000 


V/ M s 

Slew Rate 

R l = 50Q, V in = ±10V, Tj = 25°C 

2000 

2400 


2000 

2400 


V/jiS 

Bandwidth 

V,N = 1.0V rms 


200 



200 


MHz 

Phase Non-Linearity 

BW= 1.0 to 20MHz 


2.0 



2.0 


degrees 

Rise Time 

AV,n = 0.5V 


1.6 



1.9 


ns 

Propagation Delay 

AV|n = 0.5V 


1.9 



2.1 


ns 

Harmonic Distortion 



< 0.1 



< 0.1 


% 

Note 1: Unless otherwise specified, these specifications apply for +15 V applied to pins 1 and 12, -15 V applied to pins 9 and 10, and pin 

6 shorted to pin 7 for the LH0033/LH0033C. For the LH0063/LH0063C, specifiications apply for +15V applied to pins 1 and 2, -15V applied 
to pins 7 and 8, and pin 5 shorted to pin 6. Unless otherwise noted, specifications apply over a temperature range of -55°C < Tj < +125°C 
for the LH0033 and LH0063; and -25°C < Tj < +85°C for the LH0033C and LH0063C. Typical values shown are for Tj = 25°C. 
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LH0033/LH0033C, 

LH0063/LH0063C 





LH0033/LH0033C, 

LH0063/LH0063C 


Typical Performance Characteristics 


LH0033 Power Dissipation 



0 25 50 75 100 125 150 

TEMPERATURE ( C) 



0 25 50 75 100 125 150 

TEMPERATURE C'C) 


LH0063 DC Safe Operating 
Area 



-15 10 -5 0 5 10 15 

OUTPUT VOLTAGE (V) 


LH0033 Supply Current vs 
Supply. Voltage 


LH0063 Supply Current vs 
Supply Voltage 


LH0033 Output Voltage vs 
Supply Voltage 



5 10 15 20 

SUPPLY VOLTAGE (‘V) 



5 10 15 20 

SUPPLY VOLTAGE (±V) 



SUPPLY VOLTAGE (±V) 


LH0063 Output Voltage vs 
Supply Voltage 


LH0033 Negative Pulse 
Response 


LH0033 Positive Pulse 
Response 


R l = 5012 

R s = Ik 
±V, N = ±V S 




y 



/ 

/ 

T c = 

25°C 



z 





Z 





z 





Z 


















5 10 15 20 

SUPPLY VOLTAGE (±V) 



0 10 20 30 40 50 60 


TIME (ns) 



0 10 20 30 40 50 60 


TIME (ns) 


LH0033 Frequency Response 


LH0033 Rise and Fall Time 
vs Temperature 


LH0063 Large Signal Pulse 
Response 



FREQUENCY (MHz) TEMPERATURE (°C) TIME (ns) 
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Typical Performance Characteristics (continued) 


LH0033 Input Bias Current 

vs Temperature LH0063 Input Current 


LH0063 Frequency Response 



LH0033 Normalized Input Bias 
Current During Warm-up 


LH0063 Small Signal Rise 
Time 


L*H0033 Input Bias Current vs 
Input Voltage 



TIME FROM POWER TURN-ON (MINUTES) 



TIME (ns) 



10 8 6 4 2 0 -2-4 -6-8-10 


INPUT VOLTAGE (V) 


Application Hints 

Recommended Layout Precautions: RF/video 
printed circuit board layout rules should be fol- 
lowed when using the LH0033 and LH0063 since 
they will provide power gain to frequencies over 
100 MHz. Ground planes are recommended and 
power supplies should be decoupled at each device 
with low inductance capacitors. In addition, ground 
plane shielding may be extended to the metal case 
of the device since it is electrically isolated from 
internal circuitry. Alternatively the case should be 
connected to the output to minimize input capaci- 
tance. 



FIGURE 1. Offset Zero Adjust for LH0033 (Pin nos. 
shown for TO-8) 


Offset Voltage Adjustment: Both the LH0033's 
and LH0063's offset voltages have been actively 
trimmed by laser to meet guaranteed specifications 
when the offset preset pin is shorted to the offset 
adjust pin. This pre-calibration allows the devices 
to be used in most DC or AC applications without 
individually offset nulling each device. If offset 
null is desirable, it is simply obtained by leaving 
the offset preset pin open and connecting a trim 
pot of 10012 for the LH0033 or 1 k!2 for the 
LH0063 between the offset adjust pin and V - 
as illustrated in Figures 1 and 2. 



FIGURE 2. Offset Zero Adjust for LH0063 
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LH0033/LH0033C, 

LH0063/LH0063C 





LH0033/LH0033C, 

LH0063/LH0063C 


Applications Hints (cont d) 

Operation from Single or Asymmetrical Power 
Supplies: Both device types may be readily used 
in applications where symmetrical supplies are 
unavailable or not desirable. A typical application 
might be an interface to a MOS shift register 
where V + = +5V and V - = -12V. In this case, 
an apparent output offset occurs due to the de- 
vice's voltage gain of less than unity. This additional 
output offset error may be predicted by: 


(V + - V ) , •_ 

AV 0 = (1-A v ) — = .005 (V + - V ) 


where: 

A v = No load voltage gain, typically .99 
V + = Positive supply voltage 
V - = Negative supply voltage 


as illustrated in Figures 3 and 4. Resistor values 
may be predicted by: 

V+ _ V_ 

Rum — “ = “ 

•sc ‘sc 

where: l sc — .100 mA for LH0033 

l sc < 250 m A for LH0063 


The inclusion of limiting resistors in the collectors 
of the output transistors reduces output voltage 
swing. Decoupling V c + and V c pins with ca- 
pacitors to ground, will retain full output swing 
for transient pulses. Alternate active current limit 
techniques that retain full DC output swing are 
shown in Figures 5, 6 and 7. In Figures 5 and 6, 
the current sources are saturated during normal 
operation thus apply full supply voltage to the 
V c pins. Under fault conditions, the voltage de- 
creases as required by the overload. For Figure 5: 


For the above example, AV 0 would be -35 mV. 
This may be adjusted to zero as described in 
Section 2. For AC coupled applications, no addi- 
tional offset occurs if the DC input is properly 
biased as illustrated in the "typical applications" 
section. 

Short Circuit Protection: In order to optimize 
transient response and output swing, output cur- 
rent limit has been omitted from the LH0033 
and LH0063. Short circuit protection may be 
added by inserting appropriate value resistors 
between V + and V c + pins and V and V c ~ pins 


V be = -6V 

Isc 60 mA 


ion 


In Figure 6, quad transistor arrays are used to 
minimize can count and: 


Rum 


Vbe 

1/3 d sc ) 


.6V 

8.2ft 

1/3 (200 mA) 




FIGURE 3. LH0033 Using Resistor Current Limiting 


FIGURE 4. LH0063 Using Resistor Current Limiting 
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Applications Hints (Cont'd) 



FIGURE 5 LH0033 Current Limiting Using Current 

Sources 



FIGURE 6. LH0063 Current Limiting Using Current 
Sources 


Capacitive Loading: Both the LH0033 and LH0063 
are designed to drive capacitive loads such as co- 
axial cables in excess of several thousand picofarads 
without susceptibility to oscillation. However, 
peak current resulting from (c Xd v /d t ) s ^ ou *d be 
limited below absolute maximum peak current 
ratings for the devices. 

Thus for the LH0033: 


and for the LH0063: 



X C 


L — *OUT 



< l OUT < ±250 mA 


3 


±500 mA 
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Applications Hints (cont d) 


In addition, power dissipation resulting from 
driving capacitative loads plus standby power 
should be kept below total package power rating: 


*diss 

— Pdc 

+ Pac 

pkg 



*diss 

IV 

< 

+ 

i 

v") X l s + P AC 

Pkg 



*AC 

= (V P _ P ) 

2 X f X C L 


where V P . P = Peak-to-peak output voltage swing 
f = frequency 
C L = Load Capacitance 

Operation Within an Op Amp Loop: Both devices 
may be used as a current booster or isolation 
buffer within a closed loop with op amps such 
as LH0032, LH0062, or LM118. An isolation 


resistor of 4712 should be used between the op 
amp output and the input of LH0033. The wide 
bandwidths and high slew rates of the LH0033 
and LH0063 assure that the loop has the charac- 
teristics of the op amp and that additional rolloff 
is not required. 

Hardware: In order to utilize the full drive 
capabilities of both devices, each should be 
mounted with a heat sink particularly for ex- 
tended temperature operation. The cases of both 
are isolated from the circuit and may be con- 
nected to system chassis. 

ACHTUNG! 

Power supply bypassing is necessary to prevent 
oscillation with both the LH0033 and LH0063 in 
all circuits. Low inductance ceramic disc capacitors 
with the shortest practical lead lengths must be 
connected from each supply lead (within < 'A to 
Vz" of the device package) to a ground plane. 
Capacitors should be one or two 0.1/iF in parallel 
for the LH0033; adding a 4.7/iF solid tantalum 
capacitor will help in troublesome instances. For 
the LH0063, two O.ljuF ceramic and one 4.7juF 
solid tantalum capacitors in parallel will be neces- 
sary on each supply lead. 


Schematic Diagrams 


LH0033/LH0033C LH0063/LH0063C 
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Typical Applications 


High Speed Automatic Test Equipment 
Forcing Function Generator 



Gamma Ray Pulse Integrator 


+15 



3-335 


LH0033/LH0033C, 

LH0063/LH0063C 











LH0033/LH0033C, 

LH0063/LH0063C 




LH0044 Series 



National 

Semiconductor 


Operational Amplifiers/ Buffers 


LH0044 Series Precision Low Noise 
Operational Amplifiers 


General Description 

The LH0044 Series is a low noise, ultra-stable, high gain, 
precision operational amplifier family intended to replace 
either chopper-stabilized monolithic or modular ampli- 
fiers. The devices are particularly suited for differential 
mode, inverting, and non-inverting mode , applications 
requiring very low initial offset, low offset drift, very 
high gain, high CMRR, and high PSRR. In addition, 
the LH0044 Series' low initial offset and offset drift 
eliminate costly and time consuming null adjustments 
at the systems level. The superior performance afforded 
by the LH0044 Series is made possible by advanced 
processing and testing techniques, as well as active 
laser trim of critical metal film resistors to minimize 
offset voltage and drift. Unique construction eliminates 
thermal feedback effects. 

The LH0044 Series is an excellent choice for a wide 
range of precision applications including strain gauge 
bridges, thermocouple amplifiers, and ultrastable refer- 
ence amplifiers. The LH0044 and LH0044A are 


guaranteed over the temperature range of -55°C to 
+125°C, and the LH0044AC, LH0044B, and LH0044C 
are guaranteed -from -25°C to +85°C. The device is 
available in standard TO-5 op amp pin out and is 
compatible with LM108A, LM725, and LM741 type 
amplifiers. 


Features 

n Low input offset voltage 25jLtV max 

b Excellent long-term stability ±1juV/month max 

* Low offset drift 0.5/uV/°C max 

b Very low noise 0,7jitVp-p max O.T Hz to 10 Hz 

■ High CMRR and PSRR 120 dB min 

h High open loop gain 120 dB min 

a Wide common-mode range ±13V min 

« Wide supply voltage range ±2V to ±20V 


Equivalent Circuit and Connection Diagram 


OVER COMP 
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Absolute Maximum Ratings 

Supply Voltage ±20 V 

Power Dissipation 600 mW 

Differential Input Voltage (Note 4) ±1V 

Input Voltage (Note 5) ±15V 

Output Short-Circuit Duration Continuous 

DC Electrical Characteristics (Note n 


Operating Temperature Range 

LH0044, LH0044A -55°C to +125°C 

LH0044AC, LH0044B, LH0044C -25°C to +85°C 

Storage Temperature Range -€5°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


LH0044A/LH0044AC 


LIMITS 

I LH0044/LH0044B/LH0044C 




MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Offset Voltage 

T a = 25°C, R s = 50ft, V CM = 0V 


8 

25 


12 

50 

MV 


LH0044C Only 






100 

mV 

Input Offset Voltage 

R s = 50ft, V cm = OV 



55 



180 

mV 


LH0044A and LH0044B Only 



75 



80 

mV 

Average Input Offset Voltage Drift 

TmiN < T a < T MAX 


0.1 

0.5 


0.2 

1.3 

MV/°c 


LH0044B Only 






0.5 

mV/°C 

Long-Term Stability 

(Note 2) 


0.2 

1 


0.3 

2 

MV/month 

Input Noise Voltage (Note 3) 

BW = 0.1 Hz to 10 Hz, R s = 50ft 


0.35 

0.7 


0.35 

0.8 

MVp-p 


R s = 10 kft Imbalance 


0.50 

0.9 


0.50 

1.0 

MVp-p 

Thermal Feedback Coefficient 



0.005 



0.005 


MV/mW 

Open Loop Voltage Gain 

R L = 10 kft 

120 

145 


114 

140 


dB 

Common-Mode Rejection Ratio 

-10V < V CM <+ 10V 

120 

145 


114 

140 


dB 

Power Supply Rejection Ratio 

±3V < V s < ±18V 

120 

145 


114 

140 • 


dB 

Input Voltage Range 


±13 

±13.8 


±12 

±13.5 


V 

Output Voltage Swing 

R l = 10 kft 

±13 

±13.7 


±12 

±13.5 


. V 

Input Offset Current 

25°C<T a <T max 


1.0 

2.5 


1.5 

5.0 

nA 


Tmin<T a <25°C 



5.0 



10.0 

nA 

Average Input Offset Current Drift 



5 

40 


15 

80 

pA/°C 

Input Bias Current 

25°C<T a <T max 


8.5 

15 


10 

30 

nA 


Tmim<T a <25°C 



50 



100 

nA 

Average Input Bias Current Drift 



50 

300 


100 

600 

pA/°C 

Differential Input Impedance 


5 

10 


2.5 

8 


Mft 

Common-Mode Input Impedance 



2 x 10 11 



2 x 10 11 


ft 

Supply Current 

Il-0 


0.9 

.3.0 


1.0 

4.0 

mA 

Power Dissipation 



27 

90 


30 

120 

mW 


AC Electrical Characteristics t a = 25°c, v s = ±i 5 v 


PARAMETER 

CONDITIONS 

TYP 

UNITS 

Input Noise Voltage 

R s = 1 kft, f Q = 10 Hz 

11 

nV/VHz 


R s = 1 kft, f D = 1 kHz 

9 

nVA/Hz 

Slew Rate 

A v =+1, R l = 10 kft, V, N =±10V 

0.06 

V/ms 

Large Signal Bandwidth 

A v = +1. R u = 10 kft, V 1N = ±10V 

1 

kHz 

Overload Recovery Time 

A v = +100, V, N = -100 mV, AV in = 200 mV 

5 

MS 

Small Signal Bandwidth 

A v =+1, R l = 10 kft 

400 

kHz • 

Small Signal Rise Time 

A v =+1, R l = 10 kft. V, N = 10 mV 

2.5 

Ms 

Overshoot 

A v = +1, R L = 10 kft, V, N = 10 mV, C L = 100 pF 

10 

% 


Note 1: All specifications apply for all device grades, at V§ = ±15V, and from T|\/]||\j to Tmax unless otherwise specified, Tmin is-55°Cand 
t MAX is +125°C for the LH0044A and LH0044. T M |n is -25°C and T MAX is +85°C for the LH0044AC, LH0044B and LH0044C. Typicals are 
given for T/^ = 25°C. 

Note 2: This parameter is not 100% tested; however, 90% of the devices are guaranteed to meet this specification after one month of operation 
and after initial turn-on stabilization. 

Note 3: Noise is 100% tested on the LH0044A, LH0044AC and LH0044B only. 90% of the LH0044 and LH0044C devices are guaranteed to meet 
this specification. 

Note 4: The inputs are shunted by back-to-back diodes for over-voltage protection. Excessive current will flow for differential input voltages in 
excess of IV. Input current should be limited to less than 1 mA. 

Note 5: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

__ 
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Typical Performance Characteristics 


Total Input Noise 
Voltage vs Frequency 


Input Bias Current 


Input Voltage Range 


SUPPLY VOLTAGE (V) 


SUPPLY VOLTAGE (V) 


Input Bias Current vs Common- 
Mode Input Voltage 


15 -10 -5 0 5 10 15 

COMMON-MODE INPUT VOLTAGE (V) 


Supply Current vs 
Supply Voltage 




±5 ±10 ±15 

SUPPLY VOLTAGE (V) 


Open Loop Frequency 
Response 



0.01 0.1 1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) \ 


Large Signal Voltage 
Response 


■i 

Mil 

Kill 


Output Swing 




illllll 

IlllliS!!! 
II Illllll 
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■ III 


ini 


Large Signal Pulse 
Response 


00 Ik 10k 

100k 

0 ±2 ±4 ±6 ±8 

0 0.2 0.4 0.6 0.8 1.0 U 

FREQUENCY (Hz) 


OUTPUT CURRENT (mA) 

TIME (ms) 

Power Supply (Rejection 




Ratio vs Frequency 


CMRR vs Frequency 

Maximum Power Dissipation 



10 100 

Ik 

0.1 1 10 100 Ik 10k 100k 1M 

0 

25 50 75 100 

FREQUENCY (Hz) 


FREQUENCY (Hz) 


TEMPERATURE (°C) 










Applications Information 


LOW DRIFT CONSIDERATIONS 

Achieving ultra-low drift in practical applications 
requires strict attention to board layout, thermocouple 
effects, and input guarding. For specific recommendations 
refer to AN-63 and AN-79. 

A point worth stressing with regard to low drift specifica- 
tions is testing of the LH0044. Simply stated-it is 
virtually impossible to test the device using a thermo- 
probe or other form of local heating. A one degree 
centigrade temperature gradient can account for tens 
of microvolts of virtual offset (or drift). The test circuit 
of Figure 1 is recommended for use in a stabilized oven 
or continuously stirred oil bath with the entire circuit 
inside the oven or bath. Isothermal layout of the resistors 
is advised in order to minimize thermocouple induced 
EMF's. 


I 



FIGURE 1. LH0044 Temperature Test Circuit 


OVER COMPENSATION 

The LH0044 may be overcompensated in order to 
minimize noise bandwidth by paralleling the internal 
100 pF capacitor with an external capacitor connected 
between pins 1 and 6. Unity gain frequency may be 
predicted by: 

4 x 10 -5 

f= (Hz) 

100 pF + C ext pF 


COMPENSATION 

For closed loop gains in excess of 10, no external com- 
ponents are required for frequency stability. However, 
for gains of 10 or less, a 0.01/uF disc capacitor is 
recommended between pin 7 (V + ) and pin 8 (Comp). 
An improvement in ac PSRR will also be realized by 
use of the 0.0l£iF capacitor. 

OFFSET NULL 

In general, further nulling of LH0044 is neither necessary 
nor recommended. For most applications the specified 
initial offset is sufficient. 

However, for those applications requiring additional 
null, an obvious temptation might be to place a pot 
between pins 1 and 8 with the wiper returned to V + . 
This technique will usually result in reduced gain and 
increased offset drift due to mismatch in the TCR of 
the pot and R1 and R2. The technique is, therefore, not 
generally recommended. 

The recommended technique for offset nulling the 
LH0044 is shown in Figure 2. Null is accomplished in 
A 2 and all errors are divided by the closed loop gain of 
the LH0044. Additional offset and drift incurred due 
to use of A 2 is less than 1/iV/V for V + and V" changes 
and 0.01/iV/°C drift for the values shown in Figure 2. 


1M 



FIGURE 2. LH0044 Null Technique 


Typical Applications 


R F 




Buffered Output for Heavy Loads 


XI 000 Instrumentation Amp 


EH 
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LH0044 Series 


Typical Applications (Continued) 



•Wire-wound for minimum drift. 
Line and load regulation < 0.005% 


Precision Dual Tracking Regulator 



All resistors are part of National's RA201 resistor array. 


OVERALL 

GAIN 

INPUT STAGE 

GAIN 

OUTPUT STAGE 

GAIN 

JUMPER PINS 

ON RA201 

XI 

XI 

XI 

- 

X2 

XI 

X2 . 

5 to 7, 12 to 10 

X5 

XI 

X5 ' 

6 to 7, 11 to 10 

X10 

X10 

XI 

2 to 15 

X20 

X10 

X2 

2 to 15, 5 to 7, 12 to 10 

X50 

X10 

X5 

2 to 15, 6 to 7, 11 to 10 

X100 

X100 

XI 

1 to 16 

X200 

X100 

X2 

1 to 16, 5 to 7, 12 to 10 

X500 

X100 

X5 

1 to 16, 6 to 7, 11 to 10 

X995 

XI 99 

X5 

1 to 14, 6 to 7, 11 to 10 


Precision Instrumentation Amplifier 

__ 








LH0045/LH0045C 



National 

Semiconductor 


Operational Amplifiers/Buffers 


LH0045/LH0045C Two Wire Transmitter 


General Description 


Features 


The LH0045/LH0045C Two Wire Transmitters 
are linear integrated circuits designed to convert 
the voltage from a sensor to a current, and send 
it through to a receiver, utilizing the same simple 
twisted pair as the supply voltage. 

The LH0045 and LH0045C contain an internal 
reference designed to power the sensor bridge, 
a sensitive input amplifier, and an output current 
source. The output current scale can be adjusted 
to match the industry standards of 4.0 mA to 
20 mA or 10 mA to 50 mA. 


■ High sensitivity 

■ Low input offset voltage . 

■ Low input bias current 

■ Single supply operation 

■ Programmable bridge reference 
(LH0045G) 


> 10 juA/juV 

1.0 mV 

2.0 nA 
10V to 50V 
5.0V to 30V 


■ ‘Non-interactive span and null adjust 

■ Over compensation capability 


Designed for use with various sensors, the LH0045/ 
LH0045C will interface with thermocouples, strain 
gauges, or thermistors. The use of the power 
supply leads as the signal output eliminates two 
or three extra wires in remote signal applications. 
Also, current output minimizes susceptibility to 
voltage noise spikes and eliminates line drop 
problems. 


■ Supply reversal protection 

The LH0045/LH0045C is intended to fulfill a wide 
variety of process control, instrumentation, and 
data acquisition applications. The LH0045 is 
guaranteed over the temperature range of -55° C to 
+ 125°C; whereas the LH0045C is guaranteed from 
-25°C to +85°C. 


Equivalent Schematic and Connection Diagrams 



12 PIN TO 8 ("G") PACKAGE. 


12 (V) 



TOP VIEW 

•NOTE PIN 5IS SHORTED TO PIN 6 TO OBTAIN A 
NOMINAL *5 IV, V ntf LEFT OPEN V BEF = <10V 
THE CASE IS ISOLATED FROM THE CIRCUIT 
FOR BOTH TO 3 AND TO 8 

Order Number LH0045G or LH0045CG 
See Package H12B 

TO-3 



See Package K08A 
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Absolute Maximum Ratings 


Supply Voltage (LI to common) 

+50V 

Input Current 

±20 mA 

Input Voltage (Either Input to Common) 

0V to V REF 

Differential Input Voltage 

±20 V 

Output Current (Either LI or L2) 

50 mA 

Reference Output Current 

5.0 mA 

Power Dissipation 


LH0045G 

1.5W 

LH0045K 

3.0W 

Operating Temperature Range 

LH0045 

-55° C to +1 25°C 

LH0045C 

-25°C to +85°C 

Storage Temperature Range 

-65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 

300°C 


Electrical Characteristics (Note d 




LIMITS 


PARAMETER 

CONDITIONS 

LH0045 

LH0045C 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Offset Voltage (V os ) 

l s = 4.0 mA, T a = 25°C 


0.7 

2.0 


2.0 

7.5 

mV 


l s = 4.0 mA 



3.0 



10 

mV 

Offset Voltage Temperature 
Coefficient (AV os /AT) 

l s = 4.0 mA 


3.0 



6.0 


MV/°C 

Input Bias Current (l B ) 

T a = 25°C 



2.0 


1.5 

7.0 

nA 





3.0 



10 

nA 

Input Offset Current ( l os ) 

T a = 25°C 


0.05 

0.2 



1.0 

nA 





0.4 



1.5 

nA 

Open Loop 

Al s = 4.0 mA to 20 mA 

10 6 

10 7 


10 6 

10 7 


MU 

Transconductance (g MOL ) 

Al s = 10 mA to 50 mA 

2x10 6 

2x10 7 


2x10 6 

2x10 7 



Supply Voltage Range (V s ) 


9.0 


50 

9.0 


50 

V 


LH0045G pins 5 and 6 open 

15 


50 

15 


50 

V 

Input Voltage Range (V, N ) 


1.0 


3.3 

1.0 



V 


LH0045G pins 5 and 6 open 

1.0 


7.6 

1.0 


mm 

V 

Open Loop Output 

V s = 10V to 45V, l s =4.0 mA. 


1.0 



1.0 



Impedance (Rout) 

T A =25°C 








Common Mode Rejection 

AVin = 1.0V to 3.3V, 

0.1 

\ 


0.1 

0.05 


mV/V 

Ratio (CMRR) 

l s = 12 mA 








Power Supply Rejection 

Ratio (PSRR) 

AV S = 10V to 45V, l s = 12 mA 

0.1 

0.01 


0.1 

0.01 


mV/V 

Open Loop Supply Current 
(■sol) 

V s = 50V 


2.0 

3.0 


2.0 

3.0 

mA 

Reference Voltage Load 

AI ref = 0 mA to 2.0 mA, 



0.2 


0.05 

0.2 

% 

Regulation (AV REF /Al nEF ) 

T A = 25° C 








Reference Voltage Line 

AV S = 10V to 45V, 


0.3 

0.5 


0.3 

0.7 

mV/V 

Regulation (AV REF /AV S ) 

T a = 25°C 








Reference Voltage Temperature 
Coefficient (AV REF /AT) 

Iref = 2.0 mA 





0.004 


%rc 

Reference Voltage (V REF ) 

l REF = 2.0 mA, T a = 25°C 

4.3 

5.1 

5.9 

4.3 

5.1 

5.9 

V 


l REF = 2.0 mA, T a = 25°C, 
LH0045G pins 5 and 6 open 

8.6 

10.3 

12 

8.6 

10.3 

12 

V 

Resistor R9 

l s = 12 mA, T A = 25° C 

95 


105 

95 

100 

105 

n 

Average Temperature 

Coefficient of R9 (TCR 9 ) 

l s = 12 mA 


50 

300 


50 

300 

PPM/°C 

Resistor R5 

l s = 1.0 mA, T a = 25°C 

950 


1050 

950 

1000 

1050 

n 

Average Temperature 

Coefficient of R5 (TCR 5 ) 

l s = 1.0 mA 


50 

300 


50 

300 

PPM/°C 

Input Resistance (R tN ) 

T a = 25°C 


50 



50 


Mtt 



Note 1: Unless otherwise specified, these specifications apply for +10V < V$.< +50V, pin 5 shorted to pin 6 on the LH0045G, 
over the temperature range -55°C to +125°C for the LH0045 and -25°C to +85°C for the LH0045C. 
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REFERENCE VOLTAGE (V) POWER SUPPLY REJECTION RATIO (dB) INPUT NOISE (nV/ \/Hi) POWER DISSIPATION (W) 


Typical Performance Characteristics 


LH0045G Maximum Power 
Dissipation 
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LH0045K Maximum Power 
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TEMPERATURE (°C) 


Safe Operating Area 


10 20 30 

SUPPLY VOLTAGE (V) 


Input Noise Voltage 
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Input Currents 


D 100 1.0k 10k 100k 

FREQUENCY (Hz) 


A Vg - 35V | | | 

- f = 120 Hz V„ EF -10V- 

T* = 25°C (LH0045G) 


0 5.0 10 15 20 25 30 35 40 45 50 
SUPPLY VOLTAGE (V) 


Open Loop 
Transconductance 
vs Frequency 


Vref = 5 . 1 V 

4.0 mA < A l s < 20 mA 


10 100 1.0k 10k 

100k 

-55 -35 -15 5 25 45 65 85 105 125 

1.0 10 100 1.0k 10k 100k 1.0M10M 100M 

FREQUENCY (Hz) 


TEMPERATURE (°C) 

FREQUENCY (Hz) 




Variation of Vref With 

Power Supply Rejection 



Temperature Normalized 

Ratio vs Frequency 


Vref Line Regulation 

to 25° C 


-75 -50 -25 0 25 50 75 100 125 
TEMPERATURE (°0 


VreF vs Resistance Between 
Pin 5 and Pin 3 



Open Loop Supply 
Current vs Temperature 


Change in R9 With Temperature 
Normalized to 25°C 


RESISTANCE BETWEEN PIN 5 AND PIN 3 (S2) 


-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE ( C) ' 


-75 -50 -25 0 25 50 75 100 125 150 

TEMPERATURE ( C) 










Typical Applications 


(S.1V) 



FOR 1nA FULL SCALE, R 1N = V, N /1(/A « SOURCE IMPEDANCE 0 PIN 11 
e 9 . V 1N (FULL SCALE) * 10 mV. R IN « 10k 
6RI0CE IMPEDANCE - 0.8k. R 1 10k - 0 Bk = 9.2k 

Thermocouple Input Transmitter 





*Pin numbers refer to 'G' package. All voltages indicated by ( ) are measured with respect to common, pin 3. 
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LH0045/LH0045C 


Typical Applications (cont d) 



Instrumentation Amplifier Transmitter 


Applications Information 

CIRCUIT DESCRIPTION AND OPERATION 

A simplified schematic of the LH0045/LH0045C 
is shown in Figure 1. Differential amplifier, A 2 
converts very low level signals to an output current 
via transistor Q1. Reference voltage diode D1 is 
used to supply voltage for operation of A 2 and 
to bias an external bridge. Current source I-, 
minimizes fluctuation in the bridge reference 
voltage due to changes in V s . 

In normal operation, the LH0045/LH0045C is 
used in conjunction with an external bridge 
comprised of R B1 through R B4 . The bridge 
resistors in conjunction with. bridge return resistor, 
R5, bias A 2 in its linear region and sense the input 
signal; e.g. R B4 might be a strain sensitive resistor 
in a strain gauge bridge. R T is adjusted to purposely 
unbalance the bridge for 4.0 mA output (null) 
for zero signal input. This is accomplished by 
forcing 2.5/iA more through R B3 than R B4 . 


The 2.5juA imbalance causes a voltage rise of 
(2.5jiiA) x (100£2) or 250 /iV at the top of R B3 . 
Terminal L2 may be viewed as the output of an 
op amp whose closed loop gain is approximately 
R F /R B3 = 1600. 

The 250/uV rise at the top of R B3 causes a 
voltage drop of (1600) x (250/tV) or -0.4V across 
R9. An output current, l s , equal to 0.4V/R9 or 
4.0 mA is thus established in Q1. If R B4 is now 
decreased by 1.0ft (due to application of a strain 
force), a -1.0 mV change ih input voltage will 
result. This causes L2 to drop to -2.0V. The 
output current would then be 2.0V/1 00£2 or 20 mA 
(Full Scale). If R B3 is a resistor of the same 
material as R B4 but not subjected to the strain, 
temperature drift effects will be equal in the two 
legs and will cancel. 

In actual practice the loading effects of R B2 on 
the gain (span) ^nd R F on output current must be 
taken into account. 


I s =4.0 mA (NULL. 0%) 

l s = 20 mA (100% FULL SCALE) 



FIGURE 1. LH0045 Simplified Schematic 
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Applications Information <cont d) 


THERMAL CONSIDERATIONS 

The power output transistor of the LH0045 is 
thermally isolated from the signal amplifier, A 2 . 
Nevertheless, a change in the power dissipation 
will cause a change in the temperature of the 
package and thus may cause amplifier drift. These 
temperature excursions may be minimized by 
careful heat sinking to hold the case temperature 
equal to the ambient. With the TO-8 (G) package 
this is best accomplished by a clip-on heat sink 
such as the Thermalloy #2240A or the Wakefield 
#21 5-CB. The 8 lead TO-3 is particularly convenient 
for heat sinking, in that it may be bolted directly 
to many commercial aluminum heat sink extru- 
sions, or to the chassis. In both packages the case 
is electrically isolated from the circuit. 

In addition, the power change can be minimized 
by operating the device from relatively high supply 
voltages in series with a relatively high load resist- 
ance. When the signal forces the supply current 
higher, the voltage across the device will be 
reduced and the internal power dissipation kept 
nearly equal to the low current, high voltage 
condition. 

For example, take the case of a 4.0 mA to 20 mA 
transmitter with a 24V supply and a 10012 load 
resistance. The power at 4.0 mA is (23.6V) x (4.0 
mA) = 94.4 mW while at full scale the power is 
(22V) x (20 mA) - 440 mW. The net change in 
power is 345 mW. This change in power will cause 
a change in temperature and thus a change in 
offset voltage of A 2 . 

If the optimum load resistance of 80012 (from 
Figure 2) is used, the power at null is [24V - 
(4.0 mA) x (80012)] (4.0 mA) = 83 mW. The 
power at full scale is [24V - (20 mA) x (80012)] 
(20 mA) = 160 mW. The net change is 77 mW. 
This change is significantly less than without the 
resistor. 

If the supply voltage is increased to 48V and the 
load resistance chosen to be the optimum value 
from Figure 2 (1.95k), then the power at null is 
[48V - (4.0 mA) x (1.95k)] (4.0 mA) i 160.8 



0 10 20 30 40 50 60 

SUPPLY VOLTAGE (V) 


FIGURE 2. Optimum Load Resistance vs Supply Voltage 


mW and the power at full scale is [48 - (20) x 
(1.95k)] (20 mA) = 180 mW for a net change of 
19.2 mW. 

Note that the optimized load resistance is actually 
the sum of the line resistance, receiver resistances 
and added external load resistance. However, in 
many applications the line resistance and receiver 
resistances are negligible compared to the added 
external load resistance and thus may be omitted 
in calculations. 

AUXILIARY PINS 

The LH0045 has several auxiliary pins designed to 
provide the user with enhanced flexibility and 
performance. The following is a discussion of pos- 
sible uses for these pins. 

Programmable Vref — Pins 5 and 6 (LH0045G 
Only) 

The LH0045G provides pins 5 and 6 to allow the 
user to program the value of the reference voltage. 
The factory trimmed 10V value is obtained by 
leaving 5 and 6 open. A short between 5 and 6 
will program the reference to a nominal 5.1V 
(equivalent to the fixed value used in the 
LH0045K). 

A resistor or pot may be placed between pin 5 
and common (pin 3) to obtain reference voltages 
between 10V and 30V or between pin 5 and pin 7 
for reference voltages below 10V. Increased ref- 
erence voltage might be useful to extend the 
positive common mode range or to accommodate 
transducers requiring higher supply voltage. A plot 
of resistance between pin 5 and pin 3 versus 
V REF is given in the typical electrical characteristics 
section. V REF may be adjusted about its nominal 
value by arranging a pot from V REF to common 
and feeding a resistor from the wiper into pin 5 
so that it may either inject or extract current. 
Lastly, pin 5 may be used as a nominal 1.7V 
reference point, if care is taken not to unduly 
load it with either dc current or capacitance. 
Obviously, higher supply voltages must be used 
to obtain the higher reference values. The minimum 
supply voltage to reference voltage differential is 
about 4.0V. 

Bridge Return 

An applications resistor is provided in the LH0045 
with a nominal value of 1.0 k!2. The primary 
application for the resistor is to maintain the 
minimum common mode input, voltage (1.0V) 
required by the signal amplifier, A 2 . A typical 
input application might utilize a strain gauge or 
thermistor bridge where the resistance of the 
sensor is 10012. Since only 1.0 mA may be drawn 
from V REF , the 1.0 k!2 bridge return resistor is 
used to bias A 2 in its linear region as shown in 
Figure 3. 
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Applications Information (cont d) 


1.0 mA 



FIGURE 3. Use of Bridge Return 

Over Compensation — Pin 8 (LH0045G), 

Pin 6 (LH0045K) 

Over compensation of the signal amplifier, A 2 may 
be desirable in dc applications where the noise- 
bandwidth must be minimized. A capacitor should 
be placed between pin 8 (pin 6 on the LH0045K) 
and pin 3, common. 

Typically, 

1 

3db " 2 )r R (Cl '+ C EXT ) 

where: 

R = 400 M12 

Cl = Internal Compensation Capacitor = lOOpF 

Cext = External (over-compensation) 

Capacitor 

Input Guard - Pins 9 and 12 (LH0045G) 

Pins 9 and 12 have no internal connection what- 
ever and thus need not be used. In some critical 
low current applications there may be an advantage 
to running a guard conductor between the inputs 
and the adjacent pins to intercept stray leakage 
currents. Pins 9 and 12 may be connected to this 
guard to simplify the PC board layout and allow 
the guard to continue under the device. (See AN -63 
for further discussion of guarding techniques.) 

NULL AND SPAN ADJUSTMENTS 

Most applications of the LH0045 will require 
potentiometers to trim the initial tolerances of the 
sensor, the external resistors and the LH0045 itself. 
The preferred adjustment procedure is to stimulate 
the sensor, alternating between two known values, 
such as zero and full scale. The span and null are 
adjusted by monitoring the output current on a 
chart recorder, meter, or oscilloscope. A full scale 
stimulus is applied to the sensor and the span 
potentiometer adjusted for the desired full scale. 
Then, to adjust the null, apply a zero percent 
signal to the sensor and adjust the null potentio- 
meter for the desired zero percent current 
indication. 

If it is impractical to cycle the sensor during the 
calibration procedure, the signal may be simulated 
electrically with two cautions: 1) the calibration 


signal must be floating and 2) the calibration thus 
achieved does not account for sensor inaccuracies 
and/or errors in the signal generator. 

SENSOR SELECTION 

Generally it is easiest to use an insulated sensor. 
If it is necessary to use a grounded sensor, the 
power supply must be isolated from chassis ground 
to avoid extraneous circulating currents. 

DESIGN EXAMPLE 

There are numerous circuit configurations that 
may be utilized with the LH0045. The following 
is intended as a general design example which 
may be extended to specific cases. 

Circuit Requirements 

Output Characteristics 

a. 0% = 4.0 mA (NULL) 

b. 100% = 20 mA (SPAN = 16 mA) 

c. Supply Voltage = 24V 

Input (Sensor) Characteristics 

a. V IN = 100 mV (Full Scale) 

b. V| N = 0 mV (Zero Scale) 

c. Source Impedance < 1.012 

General Characteristics 

a. 0°C < T a < +75°C 

b. Overall Accuracy < 0.5% 



FIGURE 4. Design Example Circuit 


Selection of Rp 

Input bias current to the LH0045C is guaranteed 
less than 10 nA. Furthermore, the change in l B 
over the temperature range 6f interest is typically 
under 1.0 nA. If l 2 span ' s selected to be I.OjuA 
(1000 A l B ) errors due to A l B /A T will be less 
than 0.1%. For SPAN = 16 mA. 

Vsran = =-(16mA)(R9) =~1.6V 
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Applications Information (cont d) 


where R9 = Internal Current Set Resistor = 1000 
For 1 2 span = 1.0/iA,* 


Vspan _ 1-6V 

h span 1.0MA 


1.6M 


R F = 1.6MO 

NOTE: For applications with DC gain (ratio of feed- 
back and input resistance) less than 8, it is recom- 
mended that a Schottky barrier diode be connected 
between pin 11 (cathode) and pin 3 (anode). This 
prevents the possibility of latch up resulting from the 
inverting input being forced beyond the amplifier 
supply voltage during power up. 


Selection of R B1 and R B2 


The minimum input common mode voltage, V M(N 
required at the pin 10 input of A 2 is 1.0V. 
Furthermore, the maximum open loop supply 
current Osol) drawn by the LH0045 is 3.0 mA. 
That leaves l MIN = 4.0 mA - 3.0 mA = 1.0 m A 
left to bias the bridge at null. Hence: 


R B2 


> 


Vmin 

Imin 


1.0V 
1.0 mA 


1.0 kO 


And, 


Vref R B2 

R B1 + R B2 

r bi 


1.0V 


Rb2 


Vref-I-OV 

1.0V 


= 1.0k (5.1 -1.0) 


Hence, the current required to generate the null 
voltage, l 2 null is: 

V MtN - V, null 

*2 NULL T 

, r f 

1.0V -(-0.4V) 

= = 0.875pA 

1.6M12 


This current must be provided by R os from 
V REF ; hence: 

„ v ref“Vmin 
R os = : 

*2 NULL 

The nominal value for V REF is 5.1V, therefore 
the nominal value for R os is: 

5.1V - 1.0V 

or 

0.875/iA 

Rqs = 4.6 MO 

It should be noted however,, that the variation of 
V REF may be as high as 5.9V or as low as 4.3V. 
Furthermore, the tolerances of R9 (1000), R b1 . 
R B2 , and the input V Q s of A 2 would predict values 
for Rqs as low as 3.98M and as high as 5.43M. The 
implication is that in the specific case, Rqs should 
be implemented with a pot, of appropriate value, 
in order to accommodate the tolerances of V REF , 
R9, Vqs» R Bi' r b 2' e * c * 


R B1 — 4.0 k!2 

Alternatively, an LM113, 1.22V reference diode, 
or an op amp such as the LM108 may be used to 
bias the signal amplifier, A 2 as shown in Figure 5. 
These techniques have the advantage of lowering 
the impedance seen at pin 10. 

Selection of Rqs 

Ros > s selected to provide the null current of 
4.0 mA, V-, null = m A x 10012 = 0.4V. 
From previous calculations we know that V M!N = 
1.0V. The voltage pin 11, V 2 is: 

v 2 = V M1N + V 0 s — V M!N 
for V IN = 0V 



Selection of R 

SPAN is required to be 16 mA. From feedback 
theory and the gain equation we know: 

R f 1 

Ispan - Vin — x — 
where: 

R = total impedance in signal path between 
pin 10 and pin 1 1 

R9 = Current setting resistor = 100H 
V 1N = Full scale input voltage = 100 mV 



FIGURE 5. Alternate Biasing Techniques 
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Applications information (cont d) 


, R= (V.n) (Rf) 

(•span) (R9) 

(100 mV) (1.6 M12) 

R 

(16 mA) (10012) 

R = 100 k!2 

As before, uncertainties in device parameters might 
dictate that R F be made a pot of appropriate 
value. 

Summary of the Steps to Determine 
External Resistor Values 

1. Select I full scale - Inull + •span for * he 
desired application. Onull is frequently 
4.0 mA and l FULL scale is frequently 
20 ,mA.) 

2. Select l 2 span so that is large compared to 
AI b . 1000 AI b is a good value. 


3. Determine V B p A N — AV 2 — (Ispan ) ( R 9) - 

4. Determine Rp = (V SPAN /I 2 span) 

5. Select 


> 


''MIN 

•min 
1 VOLT 


NULL 


' Is 


Where: 

V MIN = rninimum common mode input 
voltage. 

•min = minimum available bridge current 

•sol = maximum open loop supply 
current 

6. Determine 

n o V REF - V M!N 

R B1 “ R B2 ~ 

V MIN 


7. Determine V 2 null ~ Inull R9 

8. Determine 


9. 


•2 NULL “ 

Determine 


v min V 2 NULL 

^ : 


R OS " 


VrEF V M | N 

•2 NULL 


10. Determine 

R= (V.n) ( r f) 
(•span) (R9) 


Where: 

V| N = Sensor full scale output voltage 


ERROR BUDGET ANALYSIS 
Errors Due to Change in Vref (AVref) 

There are several factors which could cause a 
change in V REF . First, as the ambient temperature 
changes, a V REF drift of ±0.2 mV/°C might 
be expected. Secondly, supply voltage variations 
could cause a 0.5 m V/V change in V REF . Lastly, 
self-heating due to power dissipation variations 
can cause drift of the reference.. 


An overall expression for change in V REF is: 

AV hef - [<0)(AP diss ) + AT a ] AVre,: 

<, AT y 

Y 

Thermal Effects 
AV ref 


. AVe 


(A V s ) 


Supply Voltage Effects 


Where: 

9 = Thermal resistance, either 

junction-to-ambient to junction 
to case 

APdiss ~ Change in avg. power dissipation 

AT a = Change in ambient temperature 

AVref _ Reference voltage drift 
AT (' n rnV/°C) 

AV ref 

= Line regulation of V REF 

AV S 

Several steps may be taken to minimize the 
bracketed terms in the equation above. For 
example, operating the LH0045G with a heat-sink 
reduces the thermal resistance from 0 JA = 83°C/W 
to 0 JC = 60°C/W. For the LH0045K (TO-3) 
0 ja = 40°C/W may be reduced to 0 JC = 25°C/W 
by using a heat sink. The AP D | SS term may be 
significantly reduced using the power minimiza- 
tion technique described under "Thermal Con- 
siderations." For the design example, AP D | SS is 
reduced from 384 mW to 77 mW (R L = 80012.) 
Evaluating the LH0045G with a heat-sink and 
R L = 80012 yields. 

/ 60° C 0 \/0.2mV\ 

AV REF ^ — (0.077W) + 75 cH — — 1 

0.5 mV 

+ (16V) 

V 

AV ref = 24 mV 

The LH0045K (TO-3) under the same operating 
conditions would exhibit a AV REF = 23 mV. 
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An expression for error in the output current 
due to AV REF is: 

A 's , (K) (Ros)(AV ref ) - (1-K)(AV RE p)(R F ) 

(%) - 100 — 


•span 

IR9)IR 0 s)Uspan) 

Where: 


AVref = 

Total change in V REF 

K = 

R B2 

Rbi + Rb2 

R9 = 

Current set resistor 

•span = 

Change in output current from 


0% to 100% 


For example, AV REF = 24 mV, K = 0.2, R9 = 
100fi, Ispan = 16 mA. Hence, a 0.12% worst case 
error might be expected in output currents due to 
AV ref effects. 

Error Due to Vqs Drift 

One of the primary causes of error in l s is caused 
by Vqs drift. Drift may be induced either by 
self heating of the device or ambient temperature 
changes. The input offset voltage drift, AV 0 s/AT, 
is nominally 3.3/iV/°C per millivolt of initial offset. 
An expression for the total temperature dependent 
drift is: 

AV os 

AV os = [(0 )(AP D is S ) + AT a ] — 

AT 

Where: 


For the design example, AV 0 s = 0.263 mV, V iN 
(Full Scale) = 100 mV. Hence, 0.26 mV.r 100 mV 
or 0.26% worst case error could be expected in 
output current effects. 

Errors Due to Changes in R9 

The temperature coefficient of R9 (TCR) will 
produce errors in the output current. Changes in 
R9 may be caused by self-heating of the device or 
by ambient temperature changes. 

Al s AR9 

(in %) = 100 (0 P D)SS + AT a ) 

•span AT 

Where: 

6 = Thermal resistance either from 
junction-to-ambient or junction-to- 
case 

AP d iss = Change in average power dissipation 
AT a - Change in ambient temperature 
AR9 

= TCR of R9 

AT 

Using the LH0045G design example, AR9/AT = 
0.03%/°C ( hence a 3.2% worst case error in output 
current might be expected for operation without 
a heat sink over the temperature range. 

Heat sinking the device and using R L = 8000, 
reduces AI s /I span to 2.3%. Comparable error for 
the LH0045K would also be about 2.3%. 


6 = Thermal resistance either junction- 
to-ambient or junction-to-case 

AP D1SS = Change in average power dissipation 

AT a = Change in ambient temperature 

The bracketed term may be minimized by 
heat sinking and using the power minimiza- 
tion technique described under “Thermal 
Considerations." For the LH0045G design 
example, AV os = 0.352 mV under ambient 
conditions and 0.263 mV using a heat-sink 
and R L = 8000. Comparable V os for the 
LH0045K would be 0.254 mV. 


The error in output current due to AV os is: 


Ale 


(in %) = 100 x 


AV, 


os 


= 100 x 


V IN (FULLSCALE) 

Rf 


(R)(R9)0span) 


The error analysis indicates that the internal 
current set resistor, R9 is inadequate to satisfy 
high accuracy design criterion. In these instances, 
an external 1000 resistor should be substituted 
for R9. 

Obviously, the TCR of the resistor should be low. 
Metal film or wire-wound resistors are the best 
choice offering TCR's less than 10 ppm/°C versus 
50 ppm/°C typical drift for R9. 

External Causes of Error 

The components external to the LH0045 are also 
critical in determining errors. Specifically, the 
composition of resistors R B1 , Rqs. Rf. R. etc - 
in the design example will influence both drift 
and long term stability. 

In particular, resistors and potentiometers of wire 
wound construction are recommended. Also, metal- 
film resistors with low TCR (< 10 p‘pm/°C) may 
be used for fixed resistor applications. 
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Error Analysis Summary 

SOCKETS AND HEAT SINKS 

The overall errors attributable to the LH0045 
may be minimized using heat sinking, and utiliza- 
tion of an external load resistor. Although R L 
reduces the compliance of the circuit, its. use is 
generally advisable in precision applications. Ex- 
ternal components should be selected for low 

TCR and long-term stability. 

Mounting sockets, test sockets, and heat sinks 
are available for the G package and K package. 

The following or their equivalents are 
recommended: 

Sockets: 

G — 12 lead TO-8: Barnes Corp. #MGX- 12 

Textool #212-100-323 

The design example errors, using an external 

100n wire wound resistor for R9 equal: 

K - 8 lead TO-3: Robinson Nugent #000201 1 

Wells #6010-20811 


Heat Sinks 

Al s 

~ = 0.12% + 0.26% + 0.08% = 0.46% 

lsPAN AVre F AvC ARsT 

G - 12 lead TO-8: Thermalloy #2240A 

Wakefield #21 5-CB 

K - 8 lead TO-3: IERC #LAIC 3B4V 

Definition of Terms 


Input Offset' Voltage, V Q s: The voltage which 
must be applied between the input terminals 
through equal resistances to obtain 4.0 mA of 
supply (output) current. 

Common Mode Rejection Ratio, CMRR: The ratio 
of the change in input offset voltage to the peak- 
to-peak input voltage range. 

Input Bias Current, Ib^ The average of the two 
input currents. 

Power Supply Rejection Ratio, PSRR: The ratio 
of the change in input offset voltage to the change 
in supply (output) voltage producing it. 

Input Offset Current, Iqs: The difference in the 
current into the two input terminals when the 
supply (output) current is 4.0 mA. 

Input Voltage Range, Vjn : The range of voltages 
on the input terminals for which the device 
operates within specifications. 

Input Resistance, Rin: The ratio of the change 
in input voltage to the change in input current at 
either input with the other input connected to 

Open Loop Supply Current, 1$: The supply current 
required with the signal amplifier A 2 biased off 
(inverting input positive, non-inverting input nega- 
tive) and no load on the V REF terminal. 

1.0 Vdc. 

This represents a measure of the minimum low 
end signal current. 

Open Loop Transconductance, gMOL : The ratio 
of the supply (output) current SPAN to the input 
voltage required to produce that SPAN. 

Reference Voltage Line Regulation, AVref/AV$: 

The ratio of the change in V REF to the peak-to- 
peak change in supply (output) voltage producing 
it. 

Open Loop Output Resistance, Rqut : The ratio 
of a specified supply (output) voltage change to 
the resulting change in supply (output) current at 
the specified current level. 

Reference Voltage Load Regulation, . AVref/ 

Al ref * The change in V REF for a stipulated 
change in l REF . 
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National 

Semiconductor 


Operational Amplifiers/ Buffers 


LH0061/LH0061C 0.5 Amp Wide Band 
Operational Amplifier 


General Description 

The LH0061/LH0061C is a wide band, high speed, 
operational amplifier capable of supplying currents 
in excess of 0.5 ampere at voltage levels of ±12V. 
Output short circuit protection is set by external 
resistors, and compensation is accomplished with a 
single external capacitor. With a suitable heat sink 
the device is rated at 20 Watts. 

The wide bandwidth and high output power capa- 
bilities of the LH0061/LH0061C make it ideal for 
such applications as AC servos, deflection yoke 
drivers, capstan drivers, and audio amplifiers. The 


LH0061 is guaranteed over the temperature range 
-55°C to +125°C; whereas, the LH0061C is guar- 
anteed from -25°C to +85°C. 


Features 

■ Output current 0.5 Amp 

■ Wide large signal bandwidth 1 MHz 

■ High slew rate 70 V//US 

■ Low standby power 240 mW 

■ Low input current 300 nA Max 


Schematic and Connection Diagrams 



Order Numbers: 

LH0061K 1-55° C to +125°C> 
LH0061CK (-25° C to +85°C) 
See Package K08A 
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Absolute Maximum Ratings 

Supply Voltage ±18V 

Power Dissipation See Curve . 

Differential Input Current (Note 2) ±10 mA 

Input Voltage (Note 3) ±15V 

Peak Output Current 2A 

Output Short Circuit Duration (Note 4) Continuous 

Operating Temperature Range LH0061 -55°C to +125°C 

LH0061C -25°C to +85° C 

Storage Temperature Range -65° C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 

DC Electrical Characteristics (Notei) 







PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

LH0061 

LH0061C 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

R s <[ 10 kf2, T c = 25°C, V s = ± 15V 


1.0 

4.0 


3.0 

10 

mV 


R s < 10kS2, V s = ±15V 



6.0 



15 

mV 

Voltage Drift with Temperature 

R s < 10 k n 


5 



5 


pV/°C 

Offset Voltage Change with Output Power 



5 



5 


/iV/watt 

Input Offset Current 

T c = 25 C 


30 

100 


50 

200 

nA 





300 



500 

nA 

Offset Current Drift with Temperature 



1 



1 


nA/°C 

Input Bias Current 

T c = 25° C 


100 • 

300 


200 

500 

nA 





1.0 



1.0 

pA 

Input Resistance 

T c = 25 C * 

0.3 

1.0 


0.3 

1.0 


MS2 

Input Capacitance 

' ' • 


3 



3 


pF 

Common Mode Rejection Ratio 

R s <; 10 kS 2 , AV cm = tiov 

70 

90 


60 

80 


dB . 

Input Voltage Range 

V s = ± 15V . 

til 



±11 



V 

Power Supply Rejection Ratio 

R s < 10 k<2, AV S = tIOV 

70 

80 


50 

70 


dB 

Voltage Gain 

Vi - ±15V. V 0 = tIOV 









R l = 1 kS2. T c = 25°C 

50 

100 


25 

50 


V/mV- 


V s = ±15V. V 0 = ±10V 









R l = 2012 

5 



2.5 



V/mV 

Output Voltage Swing 

V s = ±15V, R L = 20S2 

±10 

±12 


±10 

±12 


V 

Output Short Circuit Current 

V s = ±15V. T c = 25 °C, R sc = 1-0S2 


600 



600 


mA 

Power Supply Current 

V s = ±15V. V OUT = 0 


7 

10 


10 

15 

mA 

Power Consumption 

V s = ± 15V, V OUT = 0 


210 

300 


300 

.450 

mW 

AC Electrical Characteristics (Tct25°c,v s =±i5v,cc=3ooopf) 

Slew Rate 

A v = +1, R l = 100H 

25 

70 


25 

70 


V//i$ 

Power Bandwidth 

r l = ioon 


1 



1 


MHz 

Small Signal Transient Response 



30 



30 


ns 

Small Signal Overshoot 



5 

20 


10 

30 

% 

Settling Time (0.1%) 

AV IN = 10V,A v = +1 


0.8 



0.8 


ps 

Overload Recovery Time 



1 



1 


PS 

Harmonic Distortion 

f = 1 kHz, P Q = 0.5W 


0.2 



0.2 


% 

Notei: Specifications apply for 

±5V < V S ± 1 8V, C C = 3000 pF, and 

-55°C < Tr <L +125°C 

for the 

LH0061K and 

-25 C £ T C < +85 C for the LH0061 CK. Typical values are for T c = 

25 C. 







j Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Excessive current will flow if a differ- 1 

ential voltage in excess of IV is applied between the inputs without limiting resistors. 






Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 


Note 4: Rating applies as long as package power rating is not exceeded. 
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Typical Performance Characteristics 



0 25 50 75 100 125 


TEMPERATURE I 0 


Safe Operating Area 



-15 -10 -5 0 5 10 15 

OUTPUT VOLTAGE IV) 


Large Signal Frequency 



0.5M 1M 2M 5M 10M 20M 50M 

FREQUENCY (Hz) 


Typical Applications 



Unity Gain Driver 
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National 

Semiconductor 


Operational Amplifiers/ Buffers 


LH0062/LH0062C High Speed FET Operational 
Amplifier 


General Description 

The LH0062/LH0062C is a precision, high speed 
FET input operational amplifier with more than 
an order of magnitude improvement in slew rate 
and bandwidth over conventional FET 1C op 
amps. In addition it features very closely matched 
input characteristics, very high input impedance, 
and ultra low input currents with no compromise 
in noise, common mode rejection ratio or open 
loop gain. The device has internal unity gain fre- 
quency compensation, thus assuring stability in all 
normal applications. This considerably simplifies 
its application,, since no external components are 
necessary for operation. However, unlike most 
internally compensated amplifiers, external fre- 
quency compensation may be added for optimum 
performance. For inverting applications, feed- 
forward compensation will boost the slew rate to 
over 120 V/jus and almost double the bandwidth. 
(See LB-2, LB-14, and LB-17 for discussions of 
the application of feed-foryvard techniques). Over- 
compensation can be used with the amplifier for 
greater stability when maximum bandwidth is not 
needed. Further, a single capacitor can be added to 
reduce the 0.1% settling time to under 1 (is. In 
addition it is free of latch-up and may be simply 
offset nulled with negligible effect on offset drift 
orCMRR. 


The LH0062 is designed for applications requiring 
wide bandwidth, high slew rate and fast settling 
time while at the same time demanding the high 
input impedance and low input currents character- 
istic of FET inputs. Thus it is particularly suited 
for such applications as video amplifiers, sample/ 
hold circuits, high speed integrators, and buffers 
for A/D conversion and multiplex system. The 
LH0062 is specified for the full military tempera- 
ture range of -55° to +125°C while the LH0062C 
is specified to operate over a -25°C to +85°C 


temperature range. 

Features 

■ High slew rate 70 V/jUs 

■ Wide bandwidth 15 MHz 

■ Settling time (0.1%) ljus 

■ Low input offset voltage 2 mV 

■ Low input offset current 1 pA 

■ Wide supply range ±5V to ±20V 


■ Internal 6 dB/octave frequency compensation 

■ Pin compatible with std 1C op amps (TO-5 pkg) 


Schematic and Connection Diagrams 

Metal Can Package 



COMP 1 



Order Number 
LH0062H or LH0062CH 
See Package H08A 


Dual-In-Line Package 



Order Number 
LH0062D or LH0062CD 
See Package D14E 
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Absolute Maximum Ratings 








Supply Voltage 

±20V 

Operating T emperature 




Power Dissipation (see graph) 

500 mW 


LH0062, 





55° C to +125°C 

Input Voltage (Note 1) 

±5V 


LH0062C, 




-25°C to +85°C 

Differential Input Voltage (Note 2) 

±30V 

Storage Temperature Range 


- 

65°C to +150°C 

Short Circuit Duration 

Continuous 

Lead Temperature (Soldering, 10 sec) 


300°C 

DC Electrical Characteristics (Note ij 










LIMITS 


PARAMETER 

CONDITIONS 

LH0062 

LH0062C 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Offset Voltage 

R 3 £100kft;T A = 25°C 


2 

5 


10 

15 

mV 


R s £ 100 kf2 



7 



20 

mV 

Temperature Coefficient of 

R s ^ 100 kfi 


5 

25 


10 

35 

pV/°C 

Input Offset Voltage 









Offset Voltage Drift with Time 



4 



5 


pV/week 

Input Offset Current 

T a - 25°C 


0.2 

2 


1 

5 

pA 





2 



0.2 

nA 

Temperature Coefficient of 


Doubles every 10°C 

Doubles every 10° C 


Input Offset Current 









Offset Current Drift with Time 



0.1 



0.1 


pA/week 

Input Bias Current 

T a = 25° C 


5 

10 


10 

65 

pA 


, 



10 



2 

nA 

Temperature Coefficient of 


Doubles every 10°C 

Doubles every 10°C 


Input Bias Current 









Differential Input Resistance 



10 ,? 



10 12 


n 

Common Mode Input Resistance 



10 12 



10 12 


a 

Input Capacitance 



4 



4 


pF 

Input Voltage Range 

V s = ±15V 

±10 

±12 


±10 

±12 


V 

Common Mode Rejection Ratio 

R s <, 10 kft, V| N = ±10V 

80 

90 


70 

90 


dB 

Supply Voltage Rejection Ratio 

R s ^10kn. ±5V^V S ^±15V 

80 

90 


70 

90 


dB 

Large Signal Voltage Gain 

R c = 2kJ2. V OU T = ± 10V, 

T a - 25°C, V s = ±15V 

50 

200 


25 

160 


V/mV 


R L = 2 kft. V OU T = ±10V, 

V s = ±15V 

25 



25 



V/mV 

Output Voltage Swing 

R l = 2 kfl, T a - 25°C, 

V s = ±15V 

±12 

±13 


±12 

±13 


V 


R l = 2kfi. V s = ±15V 

±10 



±10 



V 

Output Current Swing 

Vout = - 10V, T a = 25° C 

±10 

±15 


±10 

±15 


mA 

Output Resistance 



75 



75 


n 

Output Short Circuit Current 

T a = 25°C 


25 



25 


mA 

Supply Current 

V s = ±15V 


5 

8 


7 

12 

mA 

Power Consumption 

V s = ±15V 



240 



360 

mW 

AC Electrical Characteris 

tiCS (Ta = 25’C,V s = ±15V) 



LIMITS 


PARAMETER 

CONDITIONS 

LH0062 

LH0062C 

UNITS 



MIN 

TYP 

122391 


TYP 

MAX 


Slew Rate 

Voltage Follower 

50 

70 


50 

70 


V/ps 

Large Signal Bandwidth 

Voltage Follower 


2 



2 


MHz 

Small Signal Bandwidth 



15 



15 


MHz 

Rise Time 



25 



25 


ns 

Overshoot 



10 



15 


% 

Settling Time (0.1%) 

AV in = 10V 


1 



1 , 


ps 

Overload Recovery 



09 



0.9 


PS 

Input Noise Voltage 

Fi s = 10 kf l, 1 Q = 10 Hz 


150 



150 


nV/>/Hz 

Input Noise Voltage 

R s = 10 kSl.1 0 = 100 Hz 


55 



55 


nV/>/Hz 

Input Noise Voltage 

R s = 10kS2, f 0 = 1 kHz 


35 



35 


nV/S/Hz 

Input Noise Voltage 

R s * 10 kSl, f 0 = 10 kHz 


30 



30 


nV/>/Hz 

Input Noise Voltage 

BW = 10 Hz to 10 kHz, R s = 10 ktt 


12 



12 


pVrms 

Input Noise Current 

BW = 10 Hz to 10 kHz 


<.1 



<1 


pArms 

Not* 1: For supply voltages less than * 15V, it 

e absolute maximum input voltage is equal to the supply voltage 






Not* 2: Inputs are protected from excessive voltages by back-to-back diodes. Input currents should be limited to 1 mA, 
Not* 3: Unless otherwise specified, these specifications apply for -5V < Vg < *20V and -55” C < T A < +125°C for the 
LH0062 and -25°C < T A < «-85°C for l_H00f>2C. Typical values are given for T» = 75 J C Power supplies should be bypassed 





with 0.1 pF ceramic capacitors. 
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Typical Performance Characteristics 


Maximum Power Dissipation 



0 50 100 150 200 

TEMPERATURE { C) 


input Offset Input Bias 

Current vs Temperature Current vs Temperature 




Large Signal Frequency 
Response 


Voltage Follower 
Pulse Response 


Open Loop Frequency 
Response 



Large Signal Frequency 
Response 


Inverter Pulse Response 


Open Loop Frequency 
Response 



Inverter Settling Time 


llll 

\\\m 

i 


in 
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nil 

2 



i 

i 



a 
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i 

IMfliWi 

m 

■ 

i 


0.03 0.1 0.3 1 3 

TIME M 


Unity Gain Bandwidth 



-55 -35 -15 5 25 45 65 85 105 125 
TEMPERATURE ( C) 


Voltage Follower Slew Rate 


■ 

■Rill 

■ 

■ 

■ 

■ 


mm 

— * 

mm 


5 

1 

■ 

a 























tmmm 

__ 


N 

-GA 

IVE 

SLE 

V 


Vs 

■ - 1 

5V 


h-«=: 





Cf > 2.0 pF 
1 1 1 
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Typical Performance Characteristics <cont d) 


Input Bias Current 
vs Input Voltage 



-10 -6 -2 2 6 10 
COMMON MODE INPUT VOLTAGE (V) 


Total Input Noise 
Voltage* vs Frequency 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Total Input Noise Voltage* 
vs Source Resistance 



Ik 10k 100k 1M 10M 

SOURCE RESISTANCE (<>) 


Voltage Gain 



5 10 15 20 

SUPPLY VOLTAGE (±V) 


Common Mode Rejection 



100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Power Supply Rejection 



100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 



5 10 15 20 

SUPPLY VOLTAGE (iV) 

Auxiliary Circuits 



0 5 10 15 20 25 


OUTPUT CURRENT (mA) 


Closed Loop Output 
Impedance 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


*Noise Voltage Includes Contribution from Source Resistance 


Feedforward Compensation for Greater 
Inverting Slew Rate* 


Offset Balancing 


Compensation for Minimum Settling* Time 
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LH0062/LH0062C 




LH0062/LH0062 


Auxiliary Circuits (cont d) 



Typical Applications* 


Fast Voltage Follower 


Fast Summing Amplifier 



High Speed Subtractor 


I “I 



Fast Precision Voltage Comparator 



Video DC Restoring Amplifier 


M 

I8K 



Boosting Output Drive to ±100 mA 



Wide Range AC Voltmeter 



High Speed Positive Peak Detector 


Hh 



'Pin numbers shown for TO-5 package 



Typical Applications* (cont d) 
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LH0086/LH0086C 


VWA National 
Jut Semiconductor 


Operational Amplifiers/Buffers 


LH0086/LH0086C Digitally-Programmable-Gain Amplifier 


General Description 


The LH0086 is a self-contained, high-accuracy, digitally- 
programmable-gain amplifier. It consists of a FET-input 
operational amplifier, a precision resistor ladder, and a 
dlgitally-programmable switch network. A three-bit TTL- 
compatible digital input selects accurate gain settings 
of 1, 2, 5, 10, 20, 50, 100, or 200. 

The LH0086 exhibits low offset voltage, high input im- 
pedance, fast settling, high power supply rejection ratio, 
and excellent gain accuracy and gain non-linearity. 

The LH0086 is specified for operation from -55°C to 
+125°C. The LH0086C is specified from -25°C to +85°C. 
Both devices are hermetically sealed in a 14-lead dual- 
in-line metal package. 


Features 

■ 0.01% gain accuracy at gain = 1 

■ 0.005% gain non-linearity 

■ 1 ppm/°C typical gain drift 

■ 10 10 Q input impedance 

■ 80dB minimum PSRR. 

■ TTL-compatibie digital inputs 

■ 2^s settling to 0.01% 

Applications 

■ Data acquisition systems 

■ Auto range DVMs 

■ Adaptive servo loops 


Simplified Schematic 


Connection Diagram 



| FEED- 

BACK 



VOUT , 

° (FORCE) 1 

I 

I 


, VOUT | 

(SENSE) 



Dual-In-Line Package 



CASE IS ELECTRICALLY ISOLATED 


Top View 


Order Number LH0086D or LH0086CD 
See NS Package D14F 
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Absolute Maximum Ratings 

Vs Supply Voltage (Note 1) 

V )N Analog Input Voltage (Note 2) 
v iL(H) Digital Input Voltage 
Pd Power Dissipation 

Output Short Circuit Duration 


±18V T a Operating Temperature Range: 

±15V LH0086 -55°C to +125°C 

-4V,+V S LH0086C -25°C to +85°C 

500 mW Tstq Storage Temperature -65°Cto+150°C 

Continuous Lead Temperature (soldering, 20 seconds) +300°C 


DC Electrical Characteristics 

V S = ±15V, R L = 10kQ, T M | N < T a < T max , Pin 10 connected to Pin 11, Pin 5 connected to Pin 6 (Non-inverting) 


Parameter 

Conditions 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Units 

v os 

Input Offset Voltage 

Tj = 25°C 


0.3 

5.0 


0.3 

10 

m\/ 






7.0 



13 

III V 

V 0S /AT 

Input Offset Voltage 

Change with Temperature 

< 

2 

II 

O 

< 


10 



10 


mV/ 0 c 

•b 

Input Bias Current 

(Notes 3, 4) Tj = 25°C 


100 

500 


100 

500 

pA 






500 



100 

nA 

R.n 

Input Resistance 



10 



10 


GQ 


Input Voltage Range 
Voltage Gain 


See Table 1, p. 5, 
for Digital Gain- 
Control Codes 


Gain Error 

A v = 1 

Ay = 2,5 

Ay = 10,20 

A v = 50,100,200 


Ay = 1 

Ay = 2,5 

Ay =10,20 

A v = 50,100,200 

Gain Non-Linearity 

A v = 1 

AAy/AT Gain Temperature Coefficient 

Ay = 1 

PSRR Power Supply Rejection Ratio 

±8V < V s < ±18V 

V 0 Output Voltage Swing 

Rl> 10 kQ 


T a = 25°C 


±11.5 

1.0 

"To 

5.0 

10 

_ 

_ — 

__ 

__ 

0.003 0.01 


0.003 0.02 


±11.5 

1.0 

2.0 

~~5T) 

10 

20 

50 

100 

200 , 

0.003 0.03 
0.05 0.1 


0.003 0.06 


Note 1: Improper supply power-on sequence may damage the device. See Power Supply Connection Section under Applications 
Information. 

Note 2: For supply voltages less than ±15V the maximum input voltage is equal to the supply voltage. 

Note 3: Due to short production test time, these parameters are specified at junction temperature, Tj = 25°C. In normal operation the 
junction temperature rises above the ambient temperature, T A , as a result of the internal power dissipation, PD. Tj = T A + 0j A x PD where 
0j A is the thermal resistance from junction to ambient (typically 65°C/W). 

Note 4: The input bias currents are junction leakage currents which approximately double for every 10°C increase in junction temperature. 
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LH0086/LH0086C 


DC Electrical Characteristics (cont’d) , 

Vs = ±15V, R|_ = 10kQ, Tmin < Ta < T M ax, Pin 10 connected to Pin 11, Pin 5 connected to Pin 6 (Non-inverting). 


Parameter 

Conditions 

LH0086 

LH0086C 

Units 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Isc Output Short-Circuit Current 



m 


■a 








K3I 



Ro Output Resistance 

A V CL = 1 


0.05 



0.05 


Q 

V| L Digital “0” Input Voltage 



. 





V 

Vih Digital “1” Input Voltage 








If l Digital “0” Input Current 

V| N = 0.4V 


KE3 



m 


mA 

Iih Digital “1” Input Current 

V, N = 2.4V 







Vs Supply Voltage Range 





gijj 



V 

ls (+) Positive Supply Current 

V S = ±18V 






BH 

mA 









AC Electrical Characteristics 

V S = ±15V, T a = 25°C, R L = 10kQ, Pin ID connected to Pin 11, Pin 5 connected to Pin 6 (Non-inverting) 


Parameter 

Conditions 


■n 



BW 

Small Signal Bandwidth 


A v = 1 


3000 





-3dB 

ii 

8 


60 






A v = 200 


15 


kHz 




A v = 1 


425 




-1% 

A v = 50 


8.5 






A v = 200 


2 



PBW 

Power Bandwidth 

V o = ±10V 


159 


kHz 

SR 

Slew Rate 


10 


V/jiS 




A v = 1 


2.5 



ts 

Settling Time (Figure 7) 0.01% 

AVq = 20V 

A\y = 50 


20 


fiS 




Av = 200 


75 


M S 

*s 

Settling Time After Gain 
Change 



10 



©N 

Equivalent Input Noise 

R S = 100Q 

A v = 100 

BW=0.1-10Hz 


3 


MVp.p 


Voltage (Figure 6) 

f =1kHz 


25 

« ' 

nV/vTHz 

i N 

Equivalent Input Noise Current 

( 

0.01 


pA/v/Hz 
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SETTLING TIMERS) PSRR(dB) 
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LH0086/LH0086C 


Applications Information 

Theory of Operation 

The LH0086 is a digitally* programmable gain amplifier 
with 3-bit digital gain control. It contains a FET-input 
operational amplifier, a precision resistor ladder, and a 
digitally programmable switch network. 

The LH0086 was designed for use in a non-inverting con- 
figuration, thus the following discussion covers the 
LH0086 as used as a non-inverting amplifier. The gain of 
the LH0086 is given by the familiar gain equation of a 
non-inverting amplifier. 


Each gain step is set by the ratio of the ladder resistors. 
The resistor ladder is constructed with high stability, 
low temperature-coefficient resistors precision laser- 
trimmed to the required values. FET switches are used 
to select the desired ratio. Since the FET switches are in 
series with the operational amplifier input, their “on 
resistance” and temperature drift do not degrade ampli- 
fier accuracy. The FET switches are selected by a 1 of 8 
decoder, by applying the proper logic levels at digital in- 
puts DO, D1, and D2. The gains are set as given in Table 1. 


Table 1. Gain-Control Codes 


Gain 

D2 

D1 

DO 

1 

0 

0 

0 

2 

0 

0 

1 

5 

0 

1 

0 

10 

0 

1 

1 

20 

1 

0 

0 

50 

1 

0 

1 

100 

1 

1 

0 

200 

1 

1 

1 


Power Supply Connection 

Proper power supply connections are shown in Figure 1. 
The power supplies should be bypassed to ground as 
close as possible to device supply pins. For most appli- 
cations, the bypass capacitor should be 0.1 ^F. 


v+ 



Figure 1. Power Supply and Ground Connections 


Care must be taken in the power-on sequence. The LH0086 
may suffer irreversible damage} if the V + supply is applied 
prior to the powering on of the V~ supply. In most appli- 
cations using dual-tracking supplies and with the 
device supply pins adequately bypassed, this will not 
present a problem. If this cannot be guaranteed, a 
germanium or Schottky protection diode should be 
connected between the digital ground pin and the V~ pin 
as shown in Figure 1. 

Grounding Considerations 

Care should be taken in the connection of digital and 
analog grounds. Digital switching currents can introduce 
noise on the analog ground pin. If possible, both grounds 
should go to a ground plane beneath the device, 
otherwise each ground should be rbn separately to a 
single point ground. The idea is to keep digital current 
from passing through the analog ground line. If long 
ground leads are used, diode clamps should be placed 
as close to the device as possible (Figure 1). 

Programmable Attenuator 

The LH0086 may be used as a programmable attenuator 
when connected as in Figure 2. The accuracy of this at- 
tenuator will be typically 0.1%. 

Note: Max. V iN = ±11 Volts. 



Figure 2. Programmable Attenuator 
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Table 2. Attenuator Codes 


D2 

D1 

DO 

Attenuation 

0 

0 

0 

1 

0 

0 

1 

2 

0 

1 • 

' 0 

5 

0 

1 

1 

10 

\ 

0 

0 

20 

1 

0 

1 

50 

1 

1 

0 

100 

1 

1 

1 

200 


Table 3. Inverting Gain Chart 


D2 

D1 

DO 

Gain 

Rin ( q ) 

0 

0 

0 

A v = 0 

30k 

0 

0 

1 

A v = 1 

15k 

0 

1 

0 

A v = 4 

6k 

0 

1 

1 

A v = 9 

3k 

1 

0 

0 

Ay =19 

1.5k 

1 

0 

1 

A v = 49 

600 

1 

1 

0 

A v = 99 

300 

1 

1 

1 

A v = 1 99 

150 


Inverting Mode 

The LH0086 may be used in the inverting mode, how- 
ever, there are several design considerations. 

1. Input resistance is low at high gains (see gain chart 
for input resistance at each gain). 

2. Each gain step gets a one subtracted from the non- 
inverting gain. (See inverting gain chart for available 
gains.) 

3. The first gain step (digital code of 000) cannot be 
used because the output will remain at virtual ground 
regardless of the input. 


Remote Output Sense 

The Vqut sense pin of the LH0086 should be connected 
at the load in order to eliminate errors due to lead resist- 
ance. In any case the output sense and output force 
must be tied together at some point. See Figure 4. 





Figure 4. Remote Output Sense Figure 5. Offset Adjustment 



Figure 6. Noise Measurement Circuit 


Figure 3. LH0086 Inverting Gain Configuration 



EM 
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D9800H1/9800H1 


Definition of Terms 

Vqs Offset Voltage: The voltage that must be 
applied to force the output to 0 volts. 

I B Input Bias Current: The current into Pin 7 with 
the device connected in the non-inverting con- 
figuration. 

Rin Input Resistance: The ratio of the change in 
input voltage to the change in input current on 
either input with the other grounded. 

V|n Input Voltage Range: The voltage range for 
which the device is operational. 

PSRR Power Supply Rejection Ratio: The ratio of the 
specified change in supply voltage to the 
change in input offset voltage over this range. 

A v Voltage Gain: The ratio of output voltage 
change to the input voltage change producing it. 

Gain Error: The deviation in percent between 
the ideal voltage gain and the value obtained 
when the device is configured for that gain. 

Gain Non-Linearity: The deviation of the gain 
from a straight line drawn through the end- 
points expressed as a percent of full scale (10V 
for operation with ±15V supplies). For testing 
purposes it is the difference between positive 
swing gain (0V to 10V) and average gain (— 10V 
to 10V) or between negative swing gain (0V to 
-10V) and average gain. 

Vo Output Voltage Swing: The peak output 
voltage swing referenced to ground into speci- 
fied load. 

lo$c) Output Short-Circuit Current: The current sup- 
plied by the device with the output connected 
directly to ground. 

R 0 Closed Loop Output Resistance: The ratio of 
change in output voltage to change to output 
current at a specific gain. 

Vs Supply Voltage Range: The supply voltage 
range for which the device is operational. 

I s Supply Current: The current required from the 
supply to operate the device with no load and 
with the analog as well as the digital inputs at 0V. 


P D Power Dissipation: The power dissipated in 
the device with no load and with the analog as 
well as the digital inputs at 0V. 

V| H Digital “1” Input Voltage: Minimum voltage 
required at the digital input to guarantee a high 
logic state. 

V| L Digital “0” Input Voltage: The current into a 
digital input at specified logic level. 

AVqs/AT Average Input Offset Voltage Drift: The ratio 
of input offset voltage change from 25°C to 
either temperature extreme divided by the tem- 
perature range. 

i 

AA v /AT Average Gain Temperature Coefficient: The 

ratio in gain from 25°C to either temperature 
extreme divided by the temperature range. 

BW Bandwidth: The frequency at whjch the voltage 
gain is reduced to 3dB below the low frequency 
value. 

PBW Power Bandwidth: Maximum frequency for 
which the output swing is a large signal sine- 
wave without noticeable distortion. 

SR Slew Rate: The internally limited rate of change 
in output voltage with a large amplitude step 
function applied at the input. 

t$ Settling Time: The time between the initiation 
of an input step function and the time when the 
output voltage has settled to within a specified 
error band of the final output voltage. 

Gain Switching Time: The time between the 
initiation of a gain logic change and the time 
when the final gain switches are closed. It in- 
cludes overdrive recovery time, but not settling 
to final value. 

e N Equivalent Input Noise Voltage: The rms or 

peak noise voltage referred to the input (RTI) 
over a specified frequency band. 

i N Equivalent Input Noise Current: The rms or 

peak noise current referred to the input (RTI) 
over a specified frequency band. 
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National 

Semiconductor 


Operational Amplifiers/Buffers 


LH0101/LH0101C, LH0101A/LH0101AC 
Power Operational Amplifier 


General Description 

The LH0101 is a wideband power operational amplifier 
featuring FET inputs, internal compensation, virtually 
no crossover distortion, and rapid settling time. These 
features make the LH0101 an ideal choice for DC or AC 
servo amplifiers, deflection yoke drives, programmable 
power supplies, and disk head positioner amplifiers. 
The LH0101 is packaged in an 8 pin TO-3 hermetic pack- 
age, rated at 20 watts with a suitable heat sink. 


Features 

■ 5 Amp peak, 2 Amp continuous output current 

■ 300 kHz power bandwidth 

■ 850 mW standby power (±15V supplies) 

■ 300 pA input bias current 

■ 10 V/^S slew rate 

■ Virtually no crossover distortion 

■ 2/^S settling time to 0.01% 
h 5 MHz gain bandwidth 


Schematic and Connection Diagrams 



NOTE: ELECTRICALLY CONNECTED INTERNALLY, 

NO CONNECTION SHOULD BE MADE TO PIN. 
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LH0101/LH0101C, 

LH0101A/LH0101AC 




LH0101/LH0101C, 

L HOI 01 A/ L HOI 01 AC 


Absolute Maximum Ratings 

Supply Voltage, V s ±22 V 

Power Dissipation at T A = 25°C, P D 5W 

Derate linearly at 25°C/W to zero at 150°C, 

Power Dissipation atT c = 25°C 62W 

Derate linearly at 2°C/W to zero at 150°C 
Differential Input Voltage, V JN ±40 V but < ±V S 

Input Voltage Range, V C m ±20 V but < ±V S 

Peak Output Current (50ms pulse), 1 0 (pk) 5 A 

Output Short Circuit Duration (within rated power dissipation, 
Rsc = 0.35Q, T a = 25°C) Continuous 

Operating Temperature Range, T A 

LH0101, LH0101C — 25°C to +85°C 

LH0101A, LH0101AC -55°C to +125°C 

Storage Temperature Range, T S tg -65°C to + 150°C 

Maximum Junction Temperature, Tj 150°C 

Lead Temperature (Soldering < 10 seconds) 300°C 


DC Electrical Characteristics (see Note 1) V S = ±15V, T A = 25°C unless otherwise noted 



LH0101AC 

LH0101A 

LH0101C 

LH0101 


Symbol 

Parameter 

Conditions 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Units 

Vos 

Input Offset Voltage 





1 

3 


5 

10 

mV 


Tmin < Ta 

< t max 



7 



15 

av os /ap d 

Change in 

Input Offset Voltage 
with dissipated power 


Note 2 


150 



300 


mV/W 

AV 0S /AT 

Change in 

Input Offset Voltage 
with temperature 

VcM = 0 




10 



10 


M V/°C 








300 



1000 

pA 

Ib 

Input Bias Current 


t a <t max 

LH0101C/AC 



60 



60 

nA 




LH0101/A 



300 



1000 








75 



250 

pA 

■os 

Input Offset Current 


Ta < T max 

LH0101C/AC 



15 



15 

nA 




LH0101/A 



75 



250 

a vol 

Large Signal 

Voltage Gain 

Vo = ±10V R L = 10Q 

50 

200 


50 

200 


V/mV 



33 

w 

o 

it 

o 

R l = 100Q 

±11.7 

±12.5 


±11.7 

±12.5 



Vo 

Output Voltage Swing 

A v = +1 

R l = 10Q 

±11 

±11.6 


±11 

±11.6 


V 



Note 3 

R l = 5Q 

±10.5 

±11 


±10.5 

±11 



CMRR 

Common Mode 
Rejection Ratio 

s 

z 

II 

1+ 

o 

< 

85 

100 

- i 

85 

100 


dB 

PSRR 

Power Supply 
Rejection Ratio 

AV S = ±5V to ±15V 

85 

100 


85 

ido 


.Is 

Quiescent Supply 
Current 



28 

35 


28 

35 

mA 
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AC Electrical Characteristics see Note i, v s = ±isv, t a =25°c 



LH0101AC 

LH0101A 

LH0101C 

LH0101 

Units 

Symbol 

Parameter 

Conditions 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

e n 

Equivalent input 
noise voltage 

f =1kHz 


25 



25 


nV/VHz 

C in 

Input Capacitance 

f = 1 MHz 


3.0 



3.0 


PF 


Power Bandwidth, -3dB 

R l = 10Q 

A v =+1 


300 



300 


kHz 

SR 

Slew Rate 

7.5 

(note 4) 

10 



10 


V/m s 

tr, tf 

Small Signal Rise or 

Fall Time 


200 



200 


ns 


Small Signal Overshoot 


10 



10 


% 

GBW 

Gain-Bandwidth Product 

R l = °o 

4.0 

(note 4) 

5.0 



5.0 


MHz 


Large Signal Settling 

Time to 0.01% 


2.0 



2.0 ! 


P s 

THD 

Total Harmonic Distortion 

P o = 0.5W f = 1 kHz 

R l = 10Q 


0.008 



0.008 

1 


% 


Note 1: Specification is at T A = 25°C. Actual values at operating temperature may differ from the T A - 25°C value. When supply voltages 
are ±15V, quiescent operating junction temperature will rise approximately 20°C without heat sinking. Accordingly, V os may change 
0.5 mV and l B and l 0 s will change significantly during warm-ups. Refer to the l B vs. temperature and power dissipation graphs for expected 
values. Power supply voltage is ±15V. Temperature tests are made only at extremes. 

Note 2: Change in offset voltage with dissipated power is due entirely to average device temperature rise and not to differential thermal 
feedback effects. Test is performed without any heat sink. 

Note 3: At light loads, the output swing may be limited by the second stage rather than the output stage. See the application section 
under “Output swing enhancement” for hints on how to obtain extended operation. 

Note 4: These parameters are sample tested to 10% LTPD. 
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LH0101/LH0101C, 

LH0101A/LH0101AC 



LH0101/LH0101C, 

LH0101A/LH0101AC 


Typical Performance Characteristics 


Maximum Power Dissipation 



Safe Operating Area 


VS=±15V 

1 

H 


,A= ‘ 


mu 




m 





m 



ww 

230 

Hi 


m 


w? 











Pno 

HEAT 

SINK 








INFIN 

ITEHE 

MT SINK^tfS 



1 1 ^ 




-15 -10 -5 0 +5 +10 +15 

VQ, OUTPUT VOLTAGE (V) 


Quiescent Power Supply Current 



±5 ±10 ±15 • ±20 ±25 


Vs, POWER SUPPLY VOLTAGE (V) 


Input Bias Current 



Input Bias Current after 
Warm-up 


Input Common-Mode 
Voltage Range 



TIME FROM INITIAL TURN ON (MIN.) 


VS, SUPPLY VOLTAGE (V) 


Small Signal Frequency 
Response (open loop) 



Output Voltage Swing 
vs. Frequency 



10K 100K 1M 10M 

FREQUENCY (Hz) 


Common-Mode Rejection 
Ratio vs. Frequency 


3 100 
o 

2 80 

z 

o 

5 60 

UJ 

cc 

o 40 
s 

z 

0 

1 20 

o 

o 

EE 0 

-- 

\ 



II II 

!5°C 

±15V 


\ 

\ 






S 

\ 







\ 







\ 


10 100 IK 10K 100K 1M 10M 

FREQUENCY (Hz) 


Power Supply Rejection 



FREQUENCY (Hz) 


Settling Time 



0 1 2 3 4 5 6 7 8 


Total Harmonic 



10 100 IK 10K 100K 


CHANGE IN OUTPUT VOLTAGE FROM ZERO VOLTS 


FREQUENCY (Hz) 
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Vo, OUTPUT VOLTAGE SWING (V) THD, TOTAL HARMONIC DISTORTION (%) 
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LHOIOI/LHOIOIC, 

LH0101A/LH0101AC 











LH0101/LH0101G, 

LH0101A/LH0101AC 


Application Hints 

Input Voltages 

The LH0101 operational amplifier contains JFET input 
devices which exhibit high reverse breakdown voltages 
from gate to source or drain. This eliminates the need 
for input clamp diodes, so that high differential input 
voltages may be applied without a large increase in 
input current. However, neither input voltage should be 
allowed to exceed the negative supply as the resultant 
high current flow may destroy the unit. 

Exceeding the negative common-mode limit on either 
input will cause a reversal of the phase to the output 
and force the amplifier output to the corresponding high 
or low state. Exceeding the negative common-mode 
limit on both inputs will force the amplifier output to a 
high state. In neither case does a latch occur since 
raising the input back within the common-mode range 
again puts the input stage and thus the amplifier in a 
normal operating mode. 

Exceeding the positive common-mode limit c/, a single 
input will not change the phase of the output however, if 
both inputs exceed the limit, the output of the amplifier 
will be forced to a high state. 

These amplifiers will operate with the common-mode 
input voltage equal to the positive supply. In fact, the 
common-mode voltage may exceed the positive supply 
by approximately 100 mV, independent of supply voltage 
and over the full operating temperature range. The positive 
supply may therefore be used as a reference on an input 
as, for example, in a supply current monitor and/or limiter. 

With the LH0101 there is a temptation to remove the 
bias current compensation resistor normally used on 
the non-inverting input of a summing amplifier. Direct 
connection of the inputs to ground or a low-impedance 
voltage source is not recommended with supply volt- 
ages greater than 3V. The potential problem involves 
loss of one supply which can cause excessive current in 
the second supply. Destruction of the 1C could result if 
the current to the inputs of the device is not limited to 
less than 100 mA or if there is much more than VF 
bypass on the supply buss. 

Although difficulties can be largely avoided by 
installing clamp diodes across the supply lines on every 
PC board, a conservative design would include enough 
resistance in the input lead to limit current to 10 mA if the 
input lead is pulled to either supply by internal currents. 
This precaution is by no means limited to the LH0101. 


Layout Considerations 

When working with circuitry capable of resolving pico- 
ampere level signals, leakage currents in circuitry exter- 
nal to the op amp can significantly degrade perform- 
ance. High quality insulation Is a must (Kel-F and Teflon 
rate high). Proper cleaning of all insulating surfaces to 
remove fluxes and other residues is also required. This 
includes the 1C package as well as sockets and printed 
circuit boards. When operating in high humidity environ- 
ments or near 0°C, some form of surface coating may be 
necessary to provide a moisture barrier. 


The effects of board leakage can be minimized by encir- 
cling the input circuitry with a conductive guard ring 
operated at a potential close to that of the inputs. 

Electrostatic shielding of high impedance circuitry is 
advisable. 

Error voltages can also be generated in the external cir- 
cuitry. Thermocouples formed between dissimilar 
metals can cause hundreds of microvolts of error in the 
presence of temperature gradients. 

Since the LH0101 can deliver large output currents, 
careful attention should be paid to power supply, power 
supply bypassing and load currents. Incorrect 
grounding of signal inputs and load can cause signifi- 
cant errors. 

Every attempt should be made to achieve a single point 
ground system as shown in the figure below. 



Bypass capacitor Cbx should be used if the lead lengths 
of bypass capacitors Cb are long. If a single point ground 
system is not possible, keep signal, load, and power sup- 
ply from intermingling as much as possible. For further 
information on proper grounding techniques refer to 
“Grounding and Shielding Techniques in Instrumenta- 
tion” by Morrison, and “Noise Reduction Techniques in 
Electronic Systems” by Ott (both published by John 
Wiley and Sons). 

Leads or PC board traces to the supply pins, short-cir- 
cuit current limit pins, and the output pin must be sub- 
stantial enough to handle the high currents that the 
LH0101 is capable of producing. 


Short Circuit Current Limiting 

Should current limiting of the output not be necessary, 
SC 4- should be shorted to V+and SC- should be 
shorted to V-. Remember that the short circuit current' 
limit is dependent upon the total resistance seen 
between the supply and current limit pins. This total 
resistance includes the desired resistor plus leads, PC 
Board traces, and solder joints.* Assuming a zero TCR 
current limit resistor, typical temperature coefficient of 

the short circuit will be approximately .3%. 

• 

0.6 

•Short circuit current will be limited to approximately ^ — - 
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Thermal Resistance 

The thermal resistance between two points of a conduc- 
tive system is expressed as: 


012 = 


T 1 -T 2 

P D 


°c/w 


where subscript order indicates the direction of heat flow. 
A simplified heat transfer circuit for a cased semiconduc- 
tor and heat sink system is shown in the figure below. 

The circuit is valid only if the system is in thermal equi- 
librium (constant heat flow) and there are, indeed, single 
specific temperatures Tj, Tc, and Ts (no temperature distri- 
bution in junction, case, or heat sink). Nevertheless, this is 
a reasonable approximation of actual performance. 

1 JUNCTION TEMP., Tj 

ejc 

:ase temp., tc 
ecs 

heat since temp., Ts 

0SA 

— AMBIENT TEMP. Ta 

FIGURE 2. Semiconductor-Heat Sink Thermal Circuit 

The junction-to-case thermal resistance 0jc specified in 
the data sheet depends upon the material and size of 
the package, die size and thickness, and quality of the 
die bond to the case or lead frame. The case-to-heat 
sink thermal resistance 0cs depends on the mounting of 
the device to the heat sink and upon the area and quality 
of the contact surface. Typical 0cs tor a TO-3 package is 
0.5 to 0.7°C/W, and 0.3 to 0.5°C/W using silicone grease. 

The heat sink to ambient thermal resistance 0 SA depends 
on the quality of the heat sink and the ambient conditions 

Cooling is normally required to maintain the worst case 
operating junction temperature Tj of the device below 
the specified maximum value T J(MAX ). Tj can be calcu- 
lated from known operating conditions. Rewriting the 
above equation, we find: 


0 JA = 


Tj-T a 

Pd 


°C/W 


Tj =T a + Pd0ja°C 


Where: Pd = (Vs~Vout)Iout+ |V + — (V — )| Iq 
0ja = 0jc + Acs + 0 sa and V s = Supply Voltage 


0j C for the LH0101 is about 2°C/W. 


Stability and Compensation 

As with most amplifiers, care should be taken with lead 
dress, component placement and supply decoupling in 
order to ensure stability. For example, resistors from the 
output to an input should be placed with the body close 
to the input to minimize “pickup” and maximize the fre- 
quency of the feedback pole by minimizing the capa- 
citance from the input to ground. 


A feedback pole is created when the feedback around 
any amplifier is resistive. The parallel resistance an.d 
capacitance from the input of the device (usually the 
inverting input) to ac ground set the frequency of the 
pole. In many instances the frequency of this pole is 
much greater than the expected 3dB frequncy of the 
closed loop gain and consequently there is negligible 
effect on stability margin. However, if the feedback pole 
is less than approximately six times the expected 3dB 
frequency a lead capacitor should be placed from the 
output to the input of the op amp. The value of the 
added capacitor should be such that the RC time con- 
sistant of this capacitor and the resistance it parallels 
is greater than or equal to the original feedback pole 
time constant. 

Some inductive loads may cause output stage oscilla- 
tion. A .01 ceramic capacitor in series with a 10Q 
resistor from the output to ground will usually remedy 
this situation. 



FIGURE 3. Driving Inductive Loads 

Capacitive loads may be compensated for by traditional 
techniques. (See “Operational Amplifiers: Theory and 
Practice” by Roberge, published by Wiley): 



FIGURE 4. R c and C c Selected to Compensate for 
Capacitive Load 

A similar but alternative technique may be used for the 
LH0101: 


v + 



FIGURE 5. Alternate Compensation for Capacitive Load 
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Output Swing Enhancement 

When the feedback pin is connected directly to the out- 
put, the output voltage swing is limited by the driver 
stage and not by output saturation. Output swing can 
be increased as shown by taking gain in the output 
stage as shown in High Power Voltage Follower with 
Swing Enhancement below. Whenever gain is taken in 
the output stage, as in swing enhancement, either the 
output stage, or the entire op amp must be-appropriately 
compensated to account for the additional loop gain. 


Output Resistance 

The open loop output resistance of the LH0101 is a func- 
tion of the load current. No load output resistance is 
approximately 10Q. This decreases to under an ohm for 
load currents exceeding 100 mA. 


Typical Applications 

See AN261 for more information 




FIGURE 6. High Power Voltage Follower FIGURE 7. High Power Voltage Follower with Swing 

Enhancement 



FIGURE 6. Restricting Outputs to Positive Voltages only 
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\ 


+40 



FIGURE 12. ±5 to ±35 Power Source or Sink 


+15 



FIGURE 13. Remote Loudspeaker via Infrared Link 


+15 



FIGURE 14. CRT Deflection Yoke Driver 
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LH740A/LH740AC 


National 

Semiconductor 


Operational Amplifiers/ Buffers 


LH740A/LH740AC FET Input Operational 
Amplifier 


General Description 

The LH740A/LH740AC is a FET input, general 
purpose operational amplifier with high input 
impedance, closely matched input characteristics, 
and good slew rates. Input offset voltage is typi- 
cally 10.0 mV at 25°C, while input bias current is 
less than 100 pA at 25°C. Offset current is typi- 
cally less than 40 pA at 25°C. Other important 
design features include: 

■ Internal 6 dB/octave frequency compensation 

■ Unity gain slew rate in excess of 6 V/ji/s 

■ Unity gain bandwidth of 1 MHz 

■ Input offset is adjustable with a single 10k pot 

■ Pin compatible with LM741, LM709, LM101A. 

■ Excellent offset current match over tempera- 
ture, typically 100 pA 


Connection Diagram 


■ Output is continuously short-circuit proof 

■ Excellent open loop gain, typically in excess of 
100 dB 

■ Guaranteed over the full military temperature 
range 


The LH740A/LH740AC is intended to fulfill a 
wide variety of applications requiring extremely 
low bias currents such as integrators, sample and 
hold amplifiers, and general purpose operational 
amplifier applications. 

The LH740A is specified for operation over the 
-55 C to +125°C military temperature range. The 
LH740AC is specified for operation over the 0°C 
to +85 ’C temperature range. 



Order Number LH740AH or LH740ACH 
See Package H08A 


Typical Applications 


Transient Response 







INPUT | LH740A >- OUTPUT 



Absolute Maximum Ratings 


Supply Voltage 
Maximum Power Dissipation 
Differential Input Voltage 
Input Voltage 
Short Circuit Duration 
Operating Temperature Range LH740A 
LH740AC 

Storage Temperature Range 

Le3d Temperature (soldering, 10 sec,) 


±22V 
500 mW 
±5V 
±15V 
Continuous 
-55°C tc ±125°C 
0°C to ±85°C 
-65° C to ± 150°C 
300° C 


Electrical Characteristics (Notei) (v s =±i5v,t a =25°c unless otherwise noted) 


PARAMETER 

CONDITIONS 

| LH740A 1 

LH740AC | 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

R s < 100 k£2 


10 

15 


10 

20 

mV 

Input Offset Current 

Tj = 25° C (Note 2) 


40 

100 


60 

150 

PA 

Input Current (either input) 

Tj = 25°C (Note 2) 


too 

200 


100 

500 

pA 

Input Resistance 

Tj = 25°C (Note 2) 


1.000,000 



1,000,000 


mi 

Large Signal Voltage Gain 

R L > 2 kil, V ou T -- +10V 

50,000 

100.000 


50,000 

100,000 


V/V 

Output Resistance 



75 



75 


12 

Output Short Circuit Current 



20 



20 


mA 

Common Mode Rejection Ratio 


80 



80 



dB 

Supply Voltage Rejection Ratio 


80 



80 



dB 

Supply Current 



30 

4 0 


30 

40 

mA 

Slew Rate 



60 



6.0 


V/p s 

Unity Gain Bandwidth 



1 0 



1 0 


MHz 

Transient Response (Unity Gam) 

C L < 100 pF. R L - 2 k£2. V IN -- 100 mV 

! 







Risetime 



110 



300 


ns 

Overshoot 



10 

20 


10 


% 

(These specifications apply for -55' C < T A £ 12b C for the LH740A and O'C <* 

T A < 85 J C for the LH74QAC unless otherwise noted.) 

Input Voltage Ranqe 


±12 



' ±12 



V 

Common Mode Rejection Ratio 


80 



80 



dS 

Supply Voltage Rejection Ratio 


80 



80 



dB 

Large Signal Voltage Gam 


40,000 i 



40,000 



V/V 

Output Voltage Swing 

R L > 10 k£2 

±12 j 

±14 


±12 

± 14 


V 


R l > 2kS2 

±10 

±13 


±10 

±13 


V 

Input Offset Voltage 



15 

20 


30 


mV 

Input Offset Current 



100 

500 


60 

500 

pA 

Input Current (either input) 



2.5 

4.0 


1 1 

50 

nA 

Oftset Voltage Drift 

R s < 1 00K 


50 



50 


pV/"C 


Notei: For supply voltages less than ±10V, the absolute maximum input voltage is equal to the 
supply voltage. 

Note 2: Due to high speed automatic testing, these parameters are correlated to junction temperature. 


Typical Performance Characteristics 


Maximum Power 
Dissipation 



0 50 100 150 200 


Open Loop Frequency 
Response 



1 100 10k 1M tOOM 


TEMPERATURF fC> 


FREQUENCY (Hi) 
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National 

Semiconductor 


Operational Amplifiers/Buffers 


LH2011/LH2011B/LH2011C Dual Operational Amplifiers 


General Description 

The LH2011 series of dual operational amplifiers contain a 
pair of LM11 op amps in a single hermetic package, com- 
bining the best features of existing bipolar and FET op 
amps. The LH2011 is similar to the LH2108A, except that 
input currents have been reduced by more than a factor of 
ten. Offset voltage and drift have also been improved. 

Compared to FETs, the device provides inherently lower 
offset voltage and offset voltage drift, along with at least 
an order of magnitude better long-term stability. Low fre- 
quency noise is also somewhat reduced. Bias current is 
significantly lower even under laboratory conditions, and 
the low drift makes compensation practical. Offset cur- 
rent is almost unmeasurable. Although not as fast as 
FETs, it does have a much lower power drain. This low 
dissipation has the added advantage of eliminating warm 
up time in critical applications. 

Typical characteristics for 25°C ( - 55°C to 125°C) are: 

• Offset voltage: 1 00 /*V (200 pV) 

• Bias current: 25 pA (65 pA) 

• Offset current: 0.5 pA (3 pA) 

• Temperature drift: 1 fA/l ° C 

• Long-term stability: 10/iV/year 


The LH2011 is internally compensated, but external com- 
pensation may be added for improved frequency stability, 
particularly with capacitive loads. Offset voltage bal- 
ancing is also provided, with the balance range determined 
by a low-resistance potentiometer. 

Otherwise, the device is the electrical equivalent of the 
LH2108, except that the negative common-mode limit is 
0.6V less, performance is specified down to ±2.5V 
and the guaranteed output drive has been increased to 
± 2 mA. The input noise is somewhat higher, but amplifier 
noise is obscured by resistor noise with higher source 
resistances. 

The LH2011 has applications as electrometer amplifiers, 
charge integrators, analog memories, low frequency ac- 
tive filters or for frequency shaping in slow servo loops. It 
can be substituted for existing circuits to provide im- 
proved performance or eliminate trimming operations. 
The greater precision can also be used to extend the 
dynamic range of logarithmic amplifiers, light meters and 
solid-state particle detectors. 

The LH2011 is manufactured with standard bipolar proc- 
essing using.super-gain transistors. 


Connection Diagrams 


DuaMn-Line Package 


Flat Package 




Order Number LH2011D, LH2011BD, 
or LH2011CD 
See Package D16C 


Order Number LH2011F 
or LH2011BF 
See Package F16B 
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Absolute Maximum Ratings 


Vs 

Total Supply Voltage 

40V 

•in 

Input Current (Note 1) 

± 10mA 

Pd 

Power Dissipation at 25°C 

Derate Linearly above 100°C at 100°C/W 

500 mW 

•sc 

Output Short-Circuit Duration (Note 2) 

Indefinite 

Tj 

Junction Temperature 

150°C 

^stg 

Storage Temperature Range 

-65°Cto + 150°C 

Ta 

Operating Temperature Range 



LH2011CD 

- 25°Cto + 85°C 


LH2011D, LH2011F 

- 55°C to +125°C 


LH2011BD, LH2011BF 

— 55°C to +125°C 


Lead Temperature (Soldering, 10 seconds) 

300°C 


Electrical Characteristics v s = ± i5v, T M | N <Tj<T MAX unless noted. 


Parameter 

1 ! 

LH2011 | 

LH2011B | 

LH2011C i 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

v os 

Input Offset 


Tj = 25°C 


0.1 

0.3 


0.2 

0.6 


0.5 

1 

mV 


Voltage 





0.6 



1.1 



1.3 

•os 

Input Offset 

Note 3 

Tj =25°C 


0.5 

10 


1 

10 


4 

25 

pA 


Current 




30 



30 



50 

•b 

Input Bias 


Tj = 25°C 


25 

50 


40 

100 


70 

180 

pA 


Current 





150 



300 



400 

P|N 

Input Resistance 



10 11 



10 11 



10 11 


n 

A V 0S /AT 

Offset Voltage 
Drift 




1 

3 


2 

5 


3 


M v/°c 

A 1 3/AT 

Bias Current Drift 

Note 4 



0.5 

' 1.5 


0.8 

3 


1.4 


pA/°C 

A 1 os /AT 

Offset Current 

Drift 




20 



20 



50 


fA/°C 

A v 

Large Signal 
Voltage Gain 

V S =±15V 
l 0 = ±2mA 

Tj = 25°C 

V 0 = ± 12V ' 

100 

300 


400 

300 


50 

300 





V 0 = ± 11.5 V 


50 



50 



15 



V/mV 



V s = ± 15V 
l 0 = ±0.5 mA 

Tj =25°C 

V 0 = ± 12V 

250 

1200 


250 

1200 


90 

800 



- 

V 0 = ± 11.5V 


100 



100 



30 




CMRR 

Common-Mode 


| Tj = 25°C 

110 

130 


110 

130 


96 

110 


dB 


Rejection 

V CM = -13V, +14V 

o 

o 



100 



90 



PSRR 

Power Supply 


| Tj = 25°C 

100 

118 


100 

118 


84 

100 


dB 


Rejection Ratio 

V s = ± 2.5V to ±20V j 

96 



96 



80 



•s 

Supply Current 


| Tj = 25°C 


0.3 

0.6 


0.3 

0.8 


0.3 

0.8 

mA 







0.8 



1 



1 

•sc 

Output Short 
Circuit Current 

Tj = T max 


±15 



±15 



±15 


mA 


Note 1: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage in ex- 
cess of IV is applied between the inputs unless some limiting resistance is used. In addition, a 2 kU minimum resistance in each input is advised to avoid 
possible latch-up initiated by supply reversals. 

Note 2: Current limiting protects the output when it is shorted to ground or any voltage less than the supplies. With continuous overloads, package dissipa- 
tion must be taken into account and heat sinking provided when necessary. 

Note 3: These specifications apply for test at Vg = ± 15V and Vqm = ~ 12.5V ( - 13V at 25°C), 14V; Vs = ± 20V and Vcm = °V; in addition, Vqs is also tested at 
V S = ± 2.5V and V C M=0V. 

Note 4: Drift parameters are sample tested to 5% LTPD at the same conditions as Note 3. The values are average-calculated from measurements at 25 °C and 
125°C. 
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Typical Characteristics (for single device) 


Input Bias Current 



50 0 50 100 150 

TEMPERATURE (°C) 


input Offset Current 




0 50 100 150 

TEMPERATURE (°C) 


Offset: Single Source 
Resistor (Unbalanced) 



o 1.0 LHZ011B- 

= 0.5 - - 

0.2 LH2011_ r 

0.1 L 


SOURCE RESISTANCE (ft) 


Drift: Single Source 
Resistor (Unbalanced) 


t MIN <Tj<T max 


TYPICAL / 

7 / 


7 / 

7 


// 

/ 

L H201 1 B> 

'/ / 


/y 




/ 


— ^ s 

LH2011/ 








) 5 10 6 10 7 10 8 10 9 
SOURCE RESISTANCE (ft) 


Equivalent Input Noise 


Tj = 25°C 








\ «. 




V 

s 

1 

CURRENT 



1 




VULTAGE 



1=] 




10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Input Noise 

f MAX = 1 Hz 

- R s = 100 kft 

Tj = 25°C 




0 100 200 300 41 

TIME (s) 


Input Common-Mode Limits 


— - 

B 


□ 


♦ i i. 

POSITIVE 





a 

1 1 


- ±2.5V<V S <±20V 
AV 0 s<10^V 



50 0 50 100 150 

TEMPERATURE (°C) 


Common-Mode Rejection 




' 


v s = ± 

— 

15V 



> 


kax 



cMri 

X 

\ AV 0S <100 mV | 





A 






s 






T 




Z 





1 10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Large Signal Voltage Gain 


f < 0.1 Hz 
V S at= 1-5V — 
R L >2V S (kft) 

— 












/ 

7 



IT 

/ 


3 - 


T 


4* * 

r 125°C 






0 4 8 12 

SUPPLY VOLTAGE (+V) 


Output Saturation 
Threshold 


±Z.5V < Vg < ±15V _ 

AV O s = 10^V 

2 AVqs “ 20 n\f (125°C) 

/till 


0 12 3 

LOAD CURRENT (+mA) 


Supply Rejection 



10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Supply Current (Each 
Amplifier) 



ifSBSiiin 



SUPPLY VOLTAGE (±V) 






Typical Characteristics (Continued) (for single device) 


Open Loop Response 



Follower Settling Time 



0 10 20 30 40 50 


inverter Settling Time 



0 2 4 6 8 10 


FREQUENCY (Hz) 


TIME (ms) 


TIME (ms) 


Slew Rate 



Stability with Over- 
Compensation 



CAPACITIVE LOAD (F) 


Closed Loop Output 
Impedance 



10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 


Application Hints 

When working with circuitry capable of resolving pico- 
ampere level signals, leakage currents in circuitry external 
to the op amp can significantly degrade performance. 
High quality insulation is a must (Kel-F and Teflon rate 
high). Proper cleaning of all insulating surfaces to remove 
fluxes and other residues is also required. This includes 
the 1C package as well as sockets and printed circuit 
boards. When operating in high humidity environments or 
near 0°C, some form of surface coating may be necessary 
to provide a moisture barrier. 

The effects of board leakage can be minimized by encir- 
cling the input circuitry with a conductive guard ring 
operated at a potential close to that of the inputs. For 
critical applications, the floating metal lid is best con- 
nected to the guard. This might be accomplished with a 
dab of conductive paint connecting the metal lid to the 
“no-connection” pin 14. 

Electrostatic shielding of high impedance circuitry is 
advisable. 

Error voltages can also be generated in the external cir- 
cuitry. Thermocouples formed between dissimilar metals 
can cause hundreds of microvolts of error in the presence 
of temperature gradients. The most troublesome thermo- 


couples are the junction of the 1C package and the printed 
circuit board (35 /iV/°C for copper-kovar) and internal 
resistor connections. Problems can be avoided by keeping 
low level circuitry away from heat generating elements. 
Mounting the 1C directly to the PC board while keeping 
package leads short and the input leads close together 
can also help. 

With the LH2011 there is a temptation to remove the bias- 
current-compensation resistor normally used on the non- 
inverting input of a summing amplifier. Direct connection 
of the inputs to ground or a low-impedance voltage source 
is not recommended with supply voltages greater than 
about 3V. The potential problem involves the loss of one 
supply which can cause excessive current in the second 
supply. Destruction of the 1C could result if the current to 
the input of the device is not limited to less than 100 mA or 
if there is much more than 1 /iF bypass on the supply buss. 

Although these difficulties can be largely avoided by in- 
stalling clamp diodes across the supply lines on every PC 
board, a conservative design would include enough resist- 
ance in the input lead to limit current to 10 mA if the input 
lead is pulled to either supply by internal currents. This 
precaution is by no means limited to the LH2011. 
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Input Guarding 


Input Protection 


Input guarding can drastically reduce surface leakage. 
Layout for the LH2011 is shown here. Guarding both sides 
of board is required. Bulk leakage reduction is less and 
depends on guard ring width. 


Current is limited by R2 even when input is connected to 
voltage source outside common-mode range. If one supply 
reverses, current is limited by R1. These resistors do not 
affect normal operation. 


OUTPUT COMP INPUT 


1 1 if III 1 1 

16 15 14^^13 12 Jj 11 10 9 

i 2 3 ^ni Tm 6 7 B 

1 1 IMAM 1 1 


INPUT fV' COMP OUTPUT 



1/2 LH2011 > n ♦ OUTPUT 


Input resistor limits current when input exceeds supply 
voltages, when power for op amp is turned off or when out- 
put is shorted. 


Guard ring is connected to low impedance point at same 
potential as sensitive input leads. Connections for various 
op amp configurations are shown here. 




4 


R1 


1/2 LH2011^^H| 

10k 

5 


— Wv 




Balancing and Over-Compensation 

Over-compensation will improve stability with capacitive 
loading (see curves). Offset voltage adjustment range is 
determined by balance potentiometer resistance as indi- 
cated in the table. 



n 4 




i r U 


s. 16 t 

►—OUTPUT 


±5 mV 100 kn 


& 
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Resistance Multiplication 


Equivalent feedback resistance is 10 GO, but only stand- 
ard resistors are used. Even though the offset voltage is 
multiplied by 100, output offset is actually reduced 
because error is dependent on offset current rather than 
bias current. Voltage on summing junction is less than 
5 mV. 


R2 R4* 

100M 9.9k 

1 % 1 % 



Follower input resistance is 1 GO. With the input open, off- 
set voltage is multiplied by 100, but the added error is not 
significant because the op amp offset is low. 


A high-input-impedance ac amplifier for a piezoelectric 
transducer. Input resistance of 880 MO and gain of 10 is 
obtained. 



Cable Bootstrapping 

Bootstrapping input shield for a follower reduces cable 
capacitance, leakage, and spurious voltages from cable 
flexing. Instability can be avoided with small capacitor on 
. input. 




grgund so input shield is best grounded. Small feedback 
capacitor insures stability. 


This circuit multiplies RC time constant to 1000 seconds 
and provides low output impedance. 



AVouT = — — — 3 ( , B R2+ v OS) 
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Bias Current Compensation 


Precise bias current compensation for use with unreg- 
ulated supplies. Reference voltage is available for other 
circuitry. 

v f 

R1 

10k R2 R3 


88k 30k 



This circuit shows how bias current compensation can be 
used on a voltage follower. 



Voltmeter 

High-input-impedance millivoltmeter. Input current is proportional to input voltage, about 10 pA at full-scale. Reference could 
be used to make direct reading linear ohmmeter. 

R1 

20k 
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Ammeter 


Current meter ranges from 100 pA to 3 mA full-scale. Voltage across input is 100 pN at lower ranges rising to 3 mV at 3 mA. Buf- 
fers on op amp are to remove ambiguity with high-current overload. Output can also drive DVM or DPM. 



Current Source 


Precision current source has 10 pA to 10 mA ranges with output compliance of 30V to - 5V. Output current is fully adjustable 
on each range with a calibrated, ten-turn potentiometer. Error light indicates saturation. 



OUTPUT 


* calibrate range 
tselect for lcBO s 100 P A 





LH2011/LH2011B/LH2011C 



Leakage Isolation 


Switch leakage in this sample and hold does not reach storage capacitor. 


v* HI 



Polystyrene or Teflon 
required if protected- 
gate switch is used 


A peak detector designed for extended hold. Leakage currents of peak-detecting diodes and reset switch are absorbed before 
reaching storage capacitor. 

R1 

20k 



Reset is provided for this integrator and switch leakage is 
isolated from the summing junction. Greater precision 
can be provided if bias-current compensation is included. 


ci 



Battery powered buffer amplifier for standard cell has 
negligible loading and disconnects cell for low supply 
voltage or overload on output. Indicator diode extin- 
guishes as disconnect circuitry is activated. 



IT 


Polystyrene or Teflon 
t required if protected- 
gate switch is used 


cannot have gate protection diode; Vth> Vqut 
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LH2011/LH2011B/LH2011C 






LH2011/ LH2011 B/ LH2011 C 


Schematic Diagram (for single device) 



Definition of Terms 

Input offset voltage: That voltage which must be applied 
between the input terminals to bias the unloaded output in 
the linear region. 

Input offset current: The difference in the currents at the 
input terminals when the output is unloaded in the linear 
region. 

Input bias current: The absolute value of the average of 
the two input currents. 

jnput resistance: The ratio of the change in input voltage 
to the change in input current on either input with the other 
grounded. 

Large signal voltage gain: The ratio of the specified out- 
put voltage swing to the change in differential input 
voltage required to produce it. 


Common-mode rejection: The ratio of the input voltage 
range to the change in offset voltage between the 
extremes. 

Temperature drift: The change of a parameter measured 
at 25°C and either temperature extreme divided by the 
temperature change. 

Supply-voltage rejection: The ratio of the specified 
supply-voltage change (either or both supplies) to the 
change in offset voltage between the extremes. 

Supply current: The current required from the power 
source to operate the amplifier with the output unloaded 
and operating in the linear range. 
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5JI National Operations 

£m Semiconductor 

LH21 01 A/LH2201 A/LH 2301 A Dual High 
Performance Op Amp 

General Description 


Operational Amplifiers/Buffers 


The LH2101 A series of dual operational amplifiers 
are two LM101A type op amps in a single hermetic 
package. Featuring all the same performance char- 
acteristics of the single, these duals offer in addition 
closer thermal tracking, lower weight, reduced 
insertion cost, and smaller size than two singles. 
For additional information, see the LM101A data 
sheet and National's Linear Application Handbook. 

The LH2101A is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH2201A is specified for operation over the 


Connection Diagram 


-25 C to +85 C temperature range. The LH2301A 
is specified for operation over the 0°C to +70°C 
temperature range. 

Features 

■ Low offset voltage 

■ Low offset current 

■ Guaranteed drift characteristics 

■ Offsets guaranteed over entire common mode 
and supply voltage ranges 

■ Slew rate of lOW/us as a summing amplifier 



8ALANCE 
2 — OUTPUT 

COMPENSATION 


— -O BALANCE 
iJL-, OUTPUT 

COMPENSATION 


Order Number LH2101AD or LH2201AD or LH2301AD, see Package DISC 
LH2101AF, LH2201AF, LH2301AF, see Package F16B 
LH2101AJ, LH2201AJ, LH2301AJ, see Package J16A 


Auxiliary Circuits 


Inverting Amplifier with Balancing Circuit Alternate Balancing Circuit 


^ #■- OUTPUT 

-VArrr + l s.im 



Single Pole Compensation 



Two Pole Compensation 


Feedforward Compensation 




LH2101A/LH2201A/LH2301A 





LH2101A/LH2201A/LH2301A 


Absolute Maximum Ratings 





Supply Voltage 

Power Dissipation (Note 1) 
Differential Input Voltage 

Input Voltage (Note 2) 

Output Short-Circuit Duration 

±22V 

500 mW 

±30V 

±15V 

Continuous 

Operating Temperature Range LH2101A 

LH2201A 

LH2301A 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 

-55 C to 1 25°C 
-25 C to 85°C 

0 : C to 70°C 
-65 C to ISO^C 

300° C 

Electrical Characteristics Each side (Note 3) 




PARAMETER 

CONDITIONS 

LIMITS 

UNITS 

LH2101A 

LH2201A 

LH2301A 

Input Offset Voltage 

T a = 25°C, R s < 50 kS2 

2.0 

2.0 

7.5 

mV Max 

Input Offset Current 

T A ,= 25°C 

10 

10 

50 

nA Max 

Input Bias Current 

T a = 25° C 

75 

75 

250 

nA Max 

Input Resistance 

T a = 25°C 

1.5 

1.5 

0.5 

Mf2 Min 

Supply Current 

T a = 25°C, V s = ±20V 

3.0 

3.3 

30 

mA Max 

Large Signal Voltage Gam 

T a = 25°C, V s = ±15V 

Vout = ±10V. R L > 2 k£2 

50 

50 

25 

V/mV Min 

Input Offset Voltage 

R s £ 50 k!2 

3.0 

3.0 

10 

mV Max 

Average Temperature 

Coefficient of Input 

Offset Voltage 


15 

15 

30 

pV/°C Max 

Input Offset Current 


20 

20 

70 

nA Max 

Average T emperature 

Coefficient of Input 

Offset Current 

25°C<T A < 125°C 
-55°C ^ T A < 25°C 

0 1 

0.2 

0.1 

0.2 

0.3 

0.6 

nA/°C Max 
nA/°C Max 

Input Bias Current 


100 

100 

300 

nA Max 

Supply Current 

T a = +125°C, V s = ±20V 

2.5 

2.5 


mA Max 

Large Signal Voltage Gain 

V s = ±15V, V OUT = ± 10V 

R u > 2 k£2 

25 

25 

15 

V/mVMin ' 

Output Voltage Swing 

V s = ,± 15V, R L = 10 kS2 

R L = 2k£2 

±12 

±10 

±12 

±10 

±12 

±10 

V Min * 

V Min 

Input Voltage Range 

V s = ±20V 

±15 

. ±15 

±12 

V Min 

Common Mode 

Rejection Ratio 

R s £ 50 k£2 

80 

80 

70 

dB Min 

Supply Voltage 

Rejection Ratio 

R s < 50 k£2 

80 

80 

70 



dB Min 

Note t: The maximum junction temperature of the LH2101A is 150° C, while that of the LH2201A is 100°C. For operating tem- 
peratures of devices in the flat package, the derating is based on a thermal resistance of 185° C/W when mounted on a 1 /16-inch-thick 
epoxy glass board with 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is 100° C/W, 
junction to ambient. 

Note 2: For supply voltages lens than ±15 V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: These specifications apply for ±5 V Vs < ±20V and -55° C < T^ < 125° C, unless otherwise specified. With the LH2201 A, 
however, all temperature specifications are limited to -25°C < T^ < 85° C. For the LH2301 A these specifications apply for 0°C < T^ < 

70° C, and ±5V < Vs < ±15V. Supply current and input voltage range are specified as Vg = ±15V for the LH2301 A. Ci = 30pF unless 
otherwise specified. 
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National 

Semiconductor 


Operational AmpHfiers/Buffers 


LH21 08/LH 2208/L H 2308, 

LH21 08A/LH2208A/LH2308A Dual Super Beta 
Op Amp 


General Description 

The LH2108A/LH2208A/LH2308A and LH2108/ 
LH2208/LH2308 series of dual operational amp- 
lifiers are two LM108A or LM108 type op amps 
in a single hermetic package. Featuring all the 
same performance characteristics of the single 
device, these duals also offer closer thermal track- 
ing, lower weight, reduced insertion cost, and 
smaller size than two single devices. For additional 
information see the LM108A or LM108 data sheet 
and National's Linear Application Handbook. 

The LH2108A/LH2108 is specified for operation 
over the -55°C to +125°C military temperature 
range. The LH2208A/LH2208 is specified for 
operation over the -25°C to +85°C temperature 


range. The l H 2 308 A/ LH 2303 is specified for 
operation over the 0°C to t-70°C temperature 
range. 

Features 

Low offset current 50 pA 

u Low of fset voltage 0.7 mV 

a Low offset voltage LH2108A 0.3 mV 

LH2108 0.7 mV 

a Wide input voltage range ±15V 

a Wide operating supply range ±3V to ±20V 


Connection Diagram 



Order Number LH2108AD, LH2208AD, 
LH23GBAD, LH2108D, LH2208D, 
or LH2308D 
See Package D16C 
Order Number LH2108AF, LH2208AF, 
LH2308AF, LH2108F, LH2208F, 
or LH2308F 
See Package F16B 
Order Number LH21Q8AJ, LH2208AJ, 
LH2308AJ, LH2108J, LH2208J, 
or LH23Q8J 
See Package J16A 


Auxiliary Circuits 

Standard Compensation Circuit 


ill R2 



Alternate* Frequency Compensation 

Rl F.2 



Feedforward Compensation 



3-399 


LH2108/LH2208/LH2308, 

LH2108A/LH2208A/LH2308A 



LH2108/LH2208/LH2308, 

L H 21 08 A/ L H 2208 A/ L H 2308 A 


Absolute Maximum Ratings 





Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Current (Note 2) 
Input Voltage (Note 3) 

Output Short Circuit Duration 

±20V 

500 mW 
±10 mA 
±15V 
Continuous 

Operating Temperature Range 
LH2108A/LH2108 
LH2208A/LH2208 
LH2308A/LH2308 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 

~55°C to +125°C 
-25°C to +85°C 

0°C to +70° C 
-65°Cto+150°C 

300°C 

Electrical Characteristics each side (Note 4) 




PARAMETER 

CONDITIONS 

j LIMITS 


LH2108 

LH2208 

LH2308 


Input Offset Voltage 

T a = 25° C 

2.0 

2.0 

7.5 

mV Max 

Input Offset Current 

T a = 25 C 

0.2 

02 

1.0 

nA Max 

Input Bias Current 

T a -- 25°C 

2.0 

20 

7.0 

nA Max 

Input Resistance 

T a = 25°C 

30 

30 

10 

Mf2Mm 

Supply Current 

T a = 25" C 

06 

0.6 

08 

mA Max 

Large Signal Voltage Gain 

T a = 25 C V s - 4 15V 

V OU T = ilOV, R L > 10 k U 

50 

' 50 

25 

V/mV.Min 

Input Offset Voltage 


30 

30 

10 

mV Max 

Average Temperature Coefficient 
of Input Offset Voltage 


15 

1 5, 

30 

pV/°C Max 

Input Offset Current 


04 

04 

1.5 

nA Max 

Average Temperature Coefficient 
of Input Offset Current 


2 5 

2 5 

10 

pA/°C Max 

Input Bias Current 


30 

30 

10 

nA Max 

Supply Current 

T A = 4 125C 

04 

0 4 

- 

mA Max 

Large Signal Voltage Gam 

V s = 4 1 5V , V OUT = ‘10V 

R l > 10 kfi 

25 

25 

15 

V/m V Min 

Output Voltage Swing 

V s = 4 15V, R l = 10 kS2 

*13 

4 13 

±13 

V Min 

Input Voltage Range 

V s - 4 15V 

4 13 5 

.‘13 5 

4 14 

V Min 

Common Mode Rejection Ratio 


85 

85 

80 

dB Mm 

Supply Voltage Rejection Ratio 


80 

80 

80 

dB Mm 

Electrical Characteristics each side (Note 4) 

PARAMETER 

- 

LIMITS | 

UNITS 

CONDITIONS 

LH2108A 

LH2208A 

LH2308A 

Input Offset Voltage 

T a = 25 C 

05 

0 5 

0 5 

mV Max 

Input Offset Current 

T A = 25 C 

0 2 

0 2 

1 0 

nA Max ^ 

Input Bias Current 

T a = 25 C 

2 0 

2 0 

70 

nA Max 

Input Resistance 

T a = 25 °C 

30 

30 

10 

Mft Min 

Supply Current 

T A - 25 C 

06 

06 

08 

mA Max 

Large Signal Voltage Gain 

T a = 25 C V s - 4 15V 

V ou t = ‘10V. R l > 10kS2 

80 

80 

80 

V/mV Mm 

Input Offset Voltage 


1 0 

1 0 

0.73 

mV Max 

Average Temperature Coefficient 
of Input Offset Voltage 


5 

5 

5 

pV/°C Max 

Input Offset Current 


0 4 

0 4 

- 1.5 

nA Max 

Average Temperature Coefficient 
of Input Offset Current 


2 5 

2 5 

10 

pA/°C Max 

Input Bias Current 


30 

30 

10 

nA Max 

Supply Current 

T a - *125 C 

04 

04 

- 

mA Max 

Large Signal Voltage Gam 

V s ^ 4 15V. V OUT = ‘10V 

R l > 10 kS 2 

40 

40 

60 

V/ mV Mm 

Output Voltage Swing 

V s = 4 15 V, R l = 10 kU 

‘13 

4 13 

±13 

V Mm 

Input Voltage Range 

V s - 4 15V 

‘135 

‘13 5 

i 14 

V Min 

Common Mode Rejection Ratio 


96 

96 

96 

dB Min 

Supply Voltage Rejection Ratio 

4 

96 

96 

96 

dB Mm 

' Note 1: The maximum junction temperature of the LH2108A/LH2108 is 150°C, while that of the LH2208A/LH2208 is 100°C and that of the 
LH2308A/LH2308 is 85° C For operating devices in the flat package at elevated temperatures, the derating is based on a thermal resistance of 
185°C/W when mounted on a 1/16-mch-thick epoxy glass board with 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the 
, dual-in-line package is 1 00° C/W, junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input 
voltage in excess of 1 V is applied between the inputs unless some limiting resistance is used. 

Note 3: For supply voltages less than 4 15 V, the absolute maximum input voltage is equal to the supply voltage. 

■ 

Note 4: These specifications apply for 
however, all temperature specification 
0°C < T A < 70° C. 

5V < Vs i20V and -55°C < T A < 125°C, unless otherwise specified. With the LH2208A/LH2208, 
are limited to — 25° C < T A < 85°C and with the LH2308A/LH2308 for ±5V < V s < 15V and 
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National 

Semiconductor 


Operational Amplifiers/Buffers 


LH21 1 0/LH221 0/LH231 0 Dual Voltage Follower 


General Description 


The LH2110 series of dual voltage followers are 
two LM110 type followers in a single hermetic 
package. Featuring all the same performance char- 
acteristics of the single, these duals offer in addi- 
tion closer thermal tracking, Idwer weight, reduced 
insertion cost and smaller size than two singles. 
For additional information, see the LM110 data 
sheet and National's Linear Application Notebook. 

The LH2110 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH2210 is specified for operation over the -25°C 
to +85°C temperature range. The LH2310 is speci- 


fied for operation over the 0°C to +70° C temper- 
ature range. 

Features 

■ Low input current 1 nA 

■ High input resistance 10 10 ohms 

■ High slew rate 30V/ps 

■ Wide bandwidth 20 MHz 

■ Wide operating supply range ±5Vto±18V 

■ Output short circuit proof 


Connection Diagram 


Auxiliary Circuits 




Order Number LH2110F, LH2210F or LH2310F, See Package F16B 
Order Number LH2110J, LH2210J or LH2310J, See Package J16A 



Offset Balancing Circuit 
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LH2110/LH2210/LH2310 




LH2110/LH2210/LH2310 





LIMITS 





LH2110 

LH2210 

LH2310 


Input Offset Voltage 

T a ='25°C 

4.0 

4.0 

7.5 

mV Max 

Input Bias Current 

T a = 25°C 

3.0 

3.0 

7.0 

nA Max 

Input Resistance 

T a =25°C 

10 10 

10 10 

10 10 

£2 Min 

Input Capacitance 


1.5 

1.5 

1.5 

pF Typ 

Large Signal Voltage Gain 

T A = 25°C, V s = ±15V 

V OUT = ±10V, R l = 8k£2 

.999 ' 

.999 

.999 

V/V Min 

Output Resistance 

T a = 25°C 

2.5 

2.5 

2.5 

£2 Max 

Supply Current (Each Amplifier) 

T a = 25°C 

5.5 

5.5 

5.5 

mA Max 

Input Offset Voltage 


6.0 

6.0 

10 

mV Max 

Offset Voltage 

-55°C^T a ^85°C 

6 

6 

10 

, pV/ c C Typ 

Temperature Drift 

T A = 1 25°C 

12 

12 

- 

pV/ c C Typ 

Input Bias Current 


10 

10 

10 

nA Max 

Large Signal Voltage Gain 

V s = ±15V, V OUT = ±10V 

R l = 10 kH 

.999 

.999 

.999 

V/V Min 

Output Voltage Swing (Note 5) 

V s = ±15V, R l = 10 k n 

±10 

±10 

±10 

V Mm 

Supply Current (Each Amplifier) 

T a = 125°C 

4.0 

4.0 

- 

mA Max 

Supply Voltage Rejection Ratio 

±5V < V s < +18V 

70 

70 

70 

dB Min 


Absolute Maximum Ratings 

Supply Voltage ±18V 

Power Dissipation (Note 1) 500 mW 

Input Voltage (Note 2) ±15V 

Output Short Circuit Duration (Note 3) Continuous 


Electrical Characteristics Each side (Note 4) 


Operating Temperature Range LH2110 -55°Cto125C 

LH2210 -25 c C to 85°C 

LH2310 0 c C to 70° C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) . 300°C 


Note 1 : The maximum junction temperature of the LH2110 is 150°C, while that of the LH2210 is 100°C and that of the LH2310 is 85° C. For 
operating devices in the flat package at elevated temperatures, the derating is based on a thermal resistance of 185°C/W when mounted on a 
1/1 6-inch-thick epoxy glass board with 0.03-inch-wide, 2-ounce copper conductors. The thermal resistance of the dual-in-line package is 100°C/W, 
junction to ambient. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 3: Continuous short circuit is allowed for case temperatures to 125°C and ambient temperatures to 70° C. It is necessary to insert a resistor 
greater than 2 kf2 in series with the input when the amplifier is driven from tow impedance sources to prevent damage when the output is shorted. 
Note 4: These specifications apply for ±5V < Vg < ±18V and -55° C < T/^ < 125°C, unless otherwise specified. With the LM210, however, all 
temperature specifications are limited to -25° C < T^ < 85° C, and for the LH2310, all temperature specifications are limited to 0°C < T& < 70° C. 
Note 5: Increased output swing under load can be obtained by connecting an external resistor between the booster and V~ terminals. 
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National 

Semiconductor 


Operational Amplifiers/Buffers 


LH24250/LH24250C Dual Programmable 
Micropower Op Amp 


General Description 

The LH24250/LH24250C series of dual programmable 
micropower operational amplifiers are two LM4250 type 
op amps in a single hermetic package. Featuring all the 
same performance characteristics of the LM4250, the 
LH24250/LH24250C duals also offer closer thermal 
tracking, lower weight, reduced insertion cost and 
smaller size than two single devices. For additional in- 
formation, see the LM4250 data sheet and National’s 
Linear Application Handbook. 


Features 

■ ±1V to ±18V power supply operation 

■ Standby power consumption as low as 20 juW 

■ Offset current programmable from less than 0.5 nA 
to 30 nA 

■ Programmable slew rate 

■ May be shut-down using standard open collector TTL 

■ Internally compensated and short circuit proof 


Connection Diagram and Auxiliary Circuit 


Offset Null Circuit 




Ordering Information 

Order Number LH24250D or LH24250CD, See Package D16C 
LH24250F or LH24250CF, See Package F16B 
LH24250J or LH24250CJ, See Package J16A 

Typical Quiescent Current Setting Resistor 


Quiescent Current (l q ) 
vs Iset 



l SET M) 


Set Current Setting Resistor to V- 


'SET _ 1 

v s 

0.1 pA 

0.5 pA 

1.0 pA 

5 pA 

10 pA 

±1.5V 

25.6 Mf2 

5.04 Mft 

2.5 Mf2 

492 kfl 

244 kft 

±3.0V 


moss! 

5.5 MS2 

1 .09 

544 kfi 

+6.0V 



mm 

2.29 


±9.0V 

176 

35.0 Mft 

1 7.5 MSI 

3.49 

BDB1ZI9 

MSBEK8 



20201 



IEEE3I 
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LH24250/LH24250C 






LH24250/LH24250C 


Absolute Maximum Ratings 




Supply Voltage 

±18V 

Output Short-Circuit Duration 

Continuous 

Power Dissipation (Note 1) 

500 mW 

Operating Temperature Range LH24250 

-55°Cto 125°C 

Differential Input Voltage 

±15V 

LH24250C 

0°Cto 70°C 

Input Voltage (Note 2) 

±15V 

Storage Temperature Range 

-65°Cto 150°C 

Iset Current 

150 /uA 

Lead Temperature (Soldering, 10 sec) 

300°C 

Electrical Characteristics LH24250, each amplifier (-55°C < T A <125°C unless otherwise specified) 


Parameters 

Conditions 


V S — : 

tl.5 V 


Units 

•set = 

= 1^A 

•set = 

lO/JV 

Min. 

Max. 

Min. 

Max. 

Vos 

T A = 25°C, R s < 100kQ 


3 


5 

mV 

•os 

T A = 25°C 


3 


10 

nA 

•bias 

T a = 25°C 


7.5 


50 

nA 

Large Signal Voltage Gain 

T a = 25°C, R l = lOOkQ 

40 




k 


V 0 = ±0.6V, R l = 10kQ 



50 


k 

Supply Current 

T a = 25°C 


7.5 


80 

mA 

Power Consumption 

T a = 25°C 


23 


240 


v os 

R s <10kQ 


4 


6 

mV 

•os 

T a = 25°C 


5 


10 

nA 


T a = 25°C 


3 


10 

nA ‘ 

•bias 



7.5 


50 

nA 

Input Voltage Range 


±0.7 


±0.7 


V 

Large Signal Voltage Gain 

V 0 = ±0.6V, R L = lOOkQ • 

30 




k 


R L = 10kQ 



30 


k 

Output Voltage Swing 

R L = lOOkQ 

±0.6 




V 


10 kS 



±0.6 

V 


Common Mode Rejection Ratio 

R s <10kQ 

70 


70 


dB 

Supply Voltage Rejection Ration 

R s <10kQ 

76 


76 


dB 

Supply Current 



8 


90 

mA 

Power Consumption 



24 


270 





V S = 

±15V 



Parameters 

Conditions 

•set = 

= 1^<A 

•set = 

10^A 

Units 



Min. 

Max. 

Min. 

Max. 


CO 

O 

> 

T a = 25°C, Rs^lOkQ 


3 


5 

mV 

•os 

T a = 25°C 


3 


10 

na 

•bias 

T a = 25° C 


7.5 


50 

nA 

Large Signal Voltage Gain 

T a = 25°C, R l = lOOkQ 

100 




k 


V 0 = ±10V, R l = 10kQ 



100 


k 

Supply Current 

T a = 25°C 


10 


90 

mA 

Power Consumption 

T a = 25°C 


300 ! 


2.7 

M W/mW 

Vos 

R s <10kQ 


4 


6 

mV 

•os 

T a = 25°C 


25 


25 

nA 


T a = 25°C 


3 


10 

nA 

•bias 



7.5 


50 

nA 

Input Voltage Range 


±13.5 


±13.5 


V 

Large Signal Voltage Gain 

V 0 = ±15V, R l = 100Q 

50 




k 


R l = 10 kQ 



50 


k 

Output Voltage Swing 

R L = lOOkQ 

±12 




V 


R L = 10kQ 



±12 


V 

Common Mode Rejection Ratio 

R s <10kQ 

70 


70 


dB 

Supply Voltage Rejection ratio 

R s <10kQ 

76 


76 


dB 

Supply Current 


11 


100 


M A 

Power Consumption 



330 ' 


3 

MW/mW 


Note 1: The maximum junction temperature of the LH24250 is 150°C, while that of the LH24250C is 100°C. The thermal resistance of the 
dual-in-line package is 100°C/W junction to ambient. For the flat package, the derating is based on a thermal resistance of 185°C/W 
when mounted on a 1/16 inch thick epoxy glass board with ten, 0.03 inch wide, 2 ounce copper conductors. 

Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 
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Electrical Characteristics LH24250C, each amplifier (0°C < T A <70°C unless otherwise specified) 


Parameters 

Conditions 

V s = ±1.5V 

Units 

•set = 

= 1 

•set = 

10mA 

Min. 

Max. 

Min. 

Max. 

Vos 

T a = 25°C, R s < lOOkQ 


5 


6 

mV 

•os 

T a = 25°C 


6 


20 

nA 

•bias 

T a = 25°C 


10 


75 

nA 

Large Signal Voltage Gain 

T a = 25°C, R l = 100 kQ 

25 




k 


V 0 = ±0.6V, R l = 10kQ 



25 


k 

Supply Current 

T a = 25°C 


8 


90 

mA 

Power Consumption 

T a = 25 ? C 


24 


270 


v os 

R s <10kQ 


6.5 


7.5 

mV 

•os 



8 


25 

nA 

•bias 



10 


80 

nA 

Input Voltage Range 


±0.6 


±0.6 


V 

Large Signal Voltage Gain 

V 0 = ±0.6V, R l = 100 kQ 

25 




k 


Rj_ = 10 kQ 



25 


k 

Output Voltage Swing 

R l = 100 kQ 

±0.6 




V 


R|_ = 10kQ 



±0.6 

V 


Common Mode Rejection Ratio 

R s <10kQ 

70 


70 

dB 


Supply Voltage Rejection Ratio 

R s <10kQ 

74 


74 

dB 


Supply Current 



8 


90 

mA 

Power Consumption 



24 


270 

mW 



V s = ±15V 


Parameters 

Conditions 

•set = 

= i m a 

•set = 

iohA 

Units 



Min. 

Max. 

Min. 

Max. 


v os 

T a = 25°C, R s <10kQ 


5 


6 

mV 

•os 

T a = 25°C 


6 


20 

na 

•bias 

T a = 25°C 


10 


75 

nA 

Large Signal Voltage Gain 

T a = 25°C, R L = 100 kQ 

60 




k 


V 0 = ±10V, R L = 10 kQ 



60 


k 

Supply Current 

T a = 25°C 


11 


100 

mA 

Power Consumption 

T a = 25°C 


330 


3 

pcW/mW 

< 

o 

CO 

R s <10kQ 


6.5 


7.5 

mV 

•os 

R s <10kQ 


8 


25 

nA 

•bias 



10 


80 

nA 

Input Voltage Range 


±13.5 


±13.5 


V 

Large Signal Voltage Gain 

V 0 = ±15V, R L = 100Q 

50 




k 


R l = 10kQ 



50 


k 

Output Voltage Swing 

R l = 100 kQ 

±12 




V 


R L = 10 kQ 



±12 


V 

Common Mode Rejection Ratio ^ 

R s <10kQ 

70 


70 


dB 

Supply Voltage Rejection ratio 

R s <10kQ 

74 


74 


dB 

Supply Current 

, 

ii 


100 


M A 

Power Consumption 



300 


3 

M W/mW 
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* Dependent upon external resistors. 

* * Refers to Hybrid Products Databook, 1982 edition 
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Definition of Terms 


National 
Semiconductor 

Definition of Terms 

Bandwidth: That frequency at which the voltage gain 
is reduced to 1A/2 times the low frequency value. 

Common-Mode Rejection Ratio: The ratio of the input 
common-mode voltage range to the peak-to-peak change 
in input offset voltage over this range. 

Harmonic Distortion: That percentage of harmonic 
distortion being defined as one-hundred times the ratio 
of the root-mean-square (rms) sum of the harmonics to 
the fundamental. % harmonic distortion = 

(V2 2 + V3 2 + V4 2 + . . .) 1/2 (100%) 

vT~ 

where VI is the rms amplitude of the fundamental and 
V2, V3 r \/4, ... are the rms amplitudes of Ihe individual 
harmonics. 

Input Bias Current: The average of the two input 
currents. 

Input Common-Mode Voltage Range: The range of 
voltages on the input terminals for which the amplifier 
is operational. Note that the specifications are not 
guaranteed over the full common-mode voltage range 
unless specifically stated. 

Input Impedance: The ratio of input voltage to input 
current under the stated conditions for source resistance 
(R$) and load resistance (R|_). 

Input Offset Current: The difference in the currents 
into the two input terminals when the output is at zero. 

Input Offset Voltage: That voltage which must be 
applied between the input terminals through two equal 
resistances to obtain zero output voltage. 

Input Resistance: The ratio of the change in input 
voltage to the change in input current on either input 
with the other grounded. 

Input Voltage Range: The range of voltages on the 
input terminals for which the amplifier operates within 
specifications. 


Instrumentation Amplifiers 


Large-Signal Voltage Gain: The ratio of the output 
voitage swing to the change in input voltage required 
to drive the output from zero to this voltage. 

Output impedance: The ratio of output voltage to 
output current under the stated conditions for source 
resistance (Rg) and load resistance (R|_). 

Output Resistance: The small signal resistance seen at 
the output with the output voltage near zero. 

Output Voltage Swing: The peak output voltage swing, 
referred to zero, that can be obtained without clipping. 

Offset Voltage Temperature Drift: The average drift 
rate of offset voltage for a thermal variation from room 
temperature to the indicated temperature extreme. 

Power Supply Rejection: The ratio of the change in 
input offset voltage to the change in power supply 
voltages producing it. 

Settling Time: The time between the initiation of the 
input step function and the time when the output 
voltage has settled to within a specified error band of 
the final output voltage. 

Slew Rate: The internally-limited rate of change in 
output voltage with a large-amplitude step function 
applied to the input. 

Supply Current: The current required from the power 
supply to operate the amplifier with no load and the 
output midway between the supplies.. 

Transient Response: The closed-loop step-function 
response of the amplifier under small-signal conditions. 

Unity Gain Bandwidth: The frequency range from dc to 
the frequency where the amplifier open loop gain rolls 
off to one. 

Voltage Gain: The ratio of output voltage to input 
voltage under the stated conditions for source resis- 
tance (Rg) and load resistance (R[_K 
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National Instrumentation Amplifiers 

Semiconductor 


LM121/LM221/LM321, 

LM121A/LM221A/LM321A Precision Preamplifiers 


General Description 

The LM121 series are precision preamplifiers designed 
to operate with general purpose operational amplifiers to 
drastically decrease dc errors. Drift, bias current, common 
mode and supply rejection are more than a factor of 50 
better than standard op amps alone. Further, the added 
dc gain of the LM121 decreases the closed loop gain 
error. 

The LM121 series operates with supply voltages from 
±3V to ±20V and has sufficient supply rejection to 
operate from unregulated supplies. The operating 
current is programmable from 5^iA to 200juA so bias 
current, offset current, gain and noise can be optimized 
for the particular application while still realizing very 
low drift. Super-gain transistors are used for the input 
stage so input error currents are lower than conventional 
amplifiers at the same operating current. Further, the 
initial offset voltage is easily nulled to zero. 

Features 

■ Guaranteed drift of LM121A series — 0.2juV/°C 

■ Guaranteed drift of LM121 series - 1/xV/°C 


Typical Applications 



■ Offset voltage less than 0.4 mV 

■ Bias current less than 10 nA at 10juA operating current 

■ CMRR 126 dB minimum 

■ 120 dB supply rejection 

■ Easily nulled offset voltage 

The extremely low drift of the LM121 will improve 
accuracy on almost any precision dc circuit. For example, 
instrumentation amplifier, strain gauge amplifiers and 
thermocouple amplifiers now using chopper amplifiers 
can be made with the LM121. The full differential in- 
put and high common-mode rejection are another 
advantage over choppers. For applications where low bias 
current is more important than drift, the operating cur- 
rent can be reduced to low values. High operating cur- 
rents can be used for low voltage noise with low source 
resistance. The programmable operating current of the 
LM121 allows tailoring the input characteristics to 
match those of specialized op amps. 

The LM121 is specified over a -55°C to +125°C tem- 
perature range, the LM221 over a -25°C to +85°C range 
and the LM321 over a 0°C to +70°C temperature range. 
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LM121/LM221/LM321, 

LM121A/LM221A/LM321A 




LM121/LM221/LM321, 

LM121A/LM221A/LM321A 


Absolute Maximum Ratings 

Supply Voltage ±20V 

Power Dissipation (Note 1) 500 mW 

Differential Input Voltage (Notes 2 and 3) ±15V 

Input Voltage (Note 3) ±1 5V 

Operating Temperature Range 

LM121 — 55°C to +125°C 

LM221 -25°C to +85°C 

LIV|321 0°C to +70°C 

Storage Temperature Range -65°C to +1 50°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics (Note 4) LM121 , lm22i,lm32i 


PARAMETER 

CONDITIONS 

LM121, LM221 

LM321 

UNITS 

MIN TYP MAX 

MIN TYP MAX 

Input Offset Voltage 

Ta = 25° C, 


f 



6.4k <RSET< 70k 

0.7 

1.5 

mV 

Input Offset Current 

T A = 25° C, 





R S ET = 70k 

1 

2 

nA 


RSET = 6.4k 

10 

20 

nA 

Input Bias Current 

Ta = 25°C, 





R S ET = 70k 

10 

18 

nA 


RSET = 6.4k 

100 

180 

• nA 

Input Resistance 

Ta = 25°C, 





RSET = 70k 

4 

2 

M£2 


RSET = 6.4k 

0.4 

0.2 

Mft 

Supply Current 

Ta = 25° C, RSET = 70k 

1.5 

2.2 

mA 

Input Offset Voltage 

6.4k < RsET< 70k 

1.0 

2.5 

mV 

Input Bias Current 

RSET = 70k 

30 

28 

nA 


RSET = 6.4k 

300 

280 

nA 

Input Offset Current 

RSET = 70k 

3 

4 

nA 


RSET = 6.4k 

30 

40 

nA 

Input Offset Current Drift 

RSET = 70k 

3 

3 

pA/°C 

Average Temperature 

R$ < 200H, 6.4k < R SET < 70k 




Coefficient of Input Offset 

Offset Voltage Nulled 




Voltage 


1 

1 

*iV/° C 

Long Term Stability 

v 

5 

5 

juV/yr 

Supply Current 


2.5 

3.5 

mA 

Input Voltage Range 

Vs = ±15V, (Note 5) 

■ 




RSET = 70k 

±13 

±13 

V 


RSET = 6.4k 

+7,-13 

+7,-13 

V 

Common-Mode Rejection 

RSET = 70k 

120 

114 

dB 

Ratio 

RSET = 6.4k 

114 

114 

dB 

Supply Voltage Rejection 

RSET = 70k 

120 

114 

dB 

Ratio 

RSET ~ 6.4k 

114 

114 

dB 

Voltage Gain 

T A = 25° C, R S ET - 70k, 





R L >3 Mf2 

16 

12 

V/V 

Noise 

RSET = 70k, RSOURCE = 0 

8 

8 

nV/\/Hz 


Note 1: The maximum junction temperature of the LM121 is 150°C, while that of the LM221 is 100°C. The maximum junction temperature 
of the LM321 is 85°C. For operating at elevated temperature, devices in the TO-5 package must be derated based on a thermal resistance of 
150°C/W, junction to ambient, or 45°C/W, junction to case. For the flat package, the derating is based on a thermal resistance of 185°C/W when 
mounted on a 1/6 inch thick epoxy glass board with ten, 0.03 inch wide, 2 ounce copper conductors. The thermal resistance of the dual-in-line 
package is 100° C/W junction to ambient. 

Note 2: The inputs are shunted with back-to-back diodes in series with a 500£2 resistor for overvoltage protection. Therefore, excessive current 
will flow if a differential input voltage in excess of IV is applied between the inputs. 

Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

Note 4: These specifications apply for ±5 < V$ < ±20V and -55°C < Ta < +125°C, unless otherwise specified. With the LM221, however, all 
temperature specifications are limited to -25° C < T/\ < +85° C, and for the LM321 the specifications apply over a 0°C to +70° C temperature 
range. 

Note 5: External precision resistor — 0.1% — can be placed from pins 1 and 8 to 7 to increase positive common-mode range. 









Absolute Maximum Ratings 




Supply Voltage 


• ±20V 



Power Dissipation (Note 1) 

500 mW 



Differential Input Voltage (Notes 2 and 3) 

±1 5V 



Input Voltage (Note 3) 


±1 5V 



Operating Temperature Range 




LM121A 

-55°C to +125°C 



LM221A 

-25°C to +85°C 



LM321A 


0°C to +70°C 



Storage Temperature Range -65°C to +1 50°C 



Lead Temperature (Soldering, 10 seconds) 

300°C 



Electrical Characteristics (Note 4) lmi 2 ia, lm 22 ia, lm32ia 



PARAMETER 

CONDITIONS 

LM121A, LM221A 

LM321A 

UNITS 

MIN TVP MAX 

MIN TYP MAX 

Input Offset Voltage 

Ta = 25°C, 





6.4k <R S ET< 70k 

0.2 0.4 

0.2 0.4 

mV 

Input Offset Current 

T A = 25° C, 





RSET = 70k 

* 0.3 0.5 

0.3 0.5 

nA 


R SET = 6.4k 

5 

5 

nA 

Input Bias Current 

T A = 25° C, 





R SET = 70k 

5 10 . 

5 15 

nA 

\ 

R SET = 6.4k 

50 100 

50 150 

nA 

Input Resistance 

T A = 25°C, 





RSET = 70k 

4 8 

2 8 

Mft 


R SET = 6.4k 

0.4 

0.2 

Mft 

Supply Current 

T A = 25°C, RsET = 70k , 

0.8 1.5 

0.8 2.2 

mA 

Input Offset Voltage 

6.4k < RsET< 70k 

0.5 0.65 

0.5 0.65 

mV 

Input Bias Current 

R SET = 70k 

15 30 

15 25 

nA 


R SET = 6.4k 

150 300 

150 250 

nA 

Input Offset Current 

R S ET = 70k 

0.5 1 

0.5 1 

nA 


R SET = 6.4k 

5 10 

5 10 

nA 

Input Offset Current Drift 

R SET = 70k 

3 

3 

pA/° C 

Average Temperature 

R S < 200ft, 6.4k < R SET < 70k 




Coefficient of Input Offset 
Voltage 

Offset Voltage Nulled 

0.07 0.2 

0.07 0.2 

AiV/°C 

Long Term Stability 


3 

3 

juV/yr 

Supply Current 


1 2.5 

1 3.5 

m A 

Input Voltage Range 

Vs = ±15V, (Note 5) 





R S ET = 70k 

±13 

±13 

V 


RSET = 6.4k 

+7, -13 

+7, -13 

V 

Common-Mode Rejection 

R SET = 70k 

126 140 

126 140 

dB 

Ratio. 

RSET = 6.4k 

120 130 

120 130 

dB 

Supply Voltage Rejection 

R SET = 70k 

120 126 

118 126 

dB 

Ratio 

r SET = 64k 

114 120 

114 120 

dB 

Voltage Gain 

T A = 25°C, RsET = 70k, 





R L >3Mft 

16 20 

12 20 

V/V 

Noise 

RSET = 70k, R SOURCE = 0 

8 

8 

nV/v/Hz 

Note 1: The maximum junction temperature of the LM121A is 150°C, while that of the LM221A is 100°C. The maximum junction temperature 
of the LM321A is 85°C. For operating at elevated temperature, devices in the TO-5 package must be derated based on a thermal resistance of 
150° C/W, junction to ambient, or 45°C/W junction to case. For the flat package, the derating is based on a thermal resistance of 185° C/W when 
mounted on a 1/6 inch thick epoxy glass board with ten, 0.03 inch wide, 2 ounce copper conductors. The thermal resistance of the dual-in-line 

package is 100° C/W junction to ambient. 




Note 2: The inputs are shunted with back-to-back diodes in series with a 500J2 resistor for overvoltage protection. Therefore, excessive current 1 

will flow if a differential input voltage in excess of IV is applied between the inputs. 



Note 3: For supply voltages less than ' 1 5V, the absolute maximum input, voltage is equal to the supply voltage. 


Note 4: These specifications apply for ±5 < Vg < ±20V and -55°C < T A < +125°C, unless otherwise specified. With the LM221 A, however, all 
temperature specifications are limited to — 25°C < T A < +85°C, and for the LM321 A the specifications apply over a 0°C to +70° C temperature 

range. 





Note 5: External precision resistor - 0.1% - can be placed from pins 1 and 8 to 7 to increase positive common-mode range. 



r-r- 

SS 

■nAt hJL 
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I/LM221/LM321, 

IA/LM221A/LM321A 






I/LM221/LM321, 

IA/LM221A/LM321A 


T" T- 


Frequency Compensation 

UNIVERSAL COMPENSATION 

The additional gain of the LM121 preamplifier when 
used with an operational amplifier usually necessitates 
additional frequency compensation. When the closed 
loop gain of the op amp with the LM121 is less than 
the gain of the LM121 alone, more compensation is 
needed. The worst case situation is when there is 100% 
feedback— such as a voltage follower or integrator-and 
the gain of the LM121 is high. When high closed loop 
gains are used— for example A v = 1000-and only an 
addition gain of 200 is inserted by the LM121, the fre- 
quency compensation of the op amp will usually suffice. 

The frequency compensation shown here is designed to 
operate with any unity-gain stable op amp. Figure 1 
shows the basic configuration of frequency stabilizing 
network. In operation the output of the LM121 is 
rendered single ended by a O.OI^F bypass capacitor to 
ground. Overall frequency compensation then is achieved 
by an integrating capacitor around the op amp. 


Bandwidth at unity-gain = 

2ttR set C 

4 

for 0.5 MHz bandwidth C = “ 

10 6 R set 


For use with higher frequency op amps such as the 
LM1 18 the bandwidth may be increased to about 2 MHz. 

If the closed loop gain is greater than unity, "C” may be 
decreased to: 



4 

10 6 A C l Rset 


ALTERNATE COMPENSATION 

The two compensation capacitors can be made equal for 
improved power supply rejection. In this case the for- 
mula for the compensation capacitor is: 

8 

10 6 A cl r set 

Table I shows typical values for the two compensating 
capacitors for various gains and operating currents. 


TABLE I 


CLOSED 

LOOP 

GAIN 

CURRENT SET RESISTOR | 

120 kft 

60 kft 

30 kS2 

12kfi 

Gkft 

A v = 1 

68 

130 

270 

680 

1300 

A v = 5 

15 

27 

56 

130 

270 

o 

ii 

> 

< 

10 

15 

27 

68 

130 

A v = 50 

1 

3 

5 

' 15 

27 

A v = 100 

- 

1 

3 

5 

10 

A v = 500 

- 

- 

1 

1 

3 

A v = 1000 

- 

- 

- 

" 



This table applies for the LM108, LM101A, LM741, 
LM118. Capacitance is in pF. 

DESIGN EQUATIONS FOR THE LM121 SERIES 

1.2 X10 6 

Gain A v ~ 

Rset 

Null Pot Value should be 10% of R S et 
2 X 0.65V 

Operating Current « 

Rset 

0.65V X 50k 

0.6 

r set 


Positive Common- ^ y+ 
Mode Limit 


Typical Applications 


R6 

3M 

R f 0.1% 




FIGURE 1. Low Drift Op Amp Using the LM121A as a Preamp 


Gain of 1000 Instrumentation Amplifier^ 
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I/LM221/LM321, 

IA/LM221A/LM321A 







LM121/LM221/LM321, 

LM121A/LM221A/LM321A 


Connection Diagrams 


Metal Can Package 



Note Pm 4 connected to case. 

TOP VIEW 

Order Number LM121H, 
LM221H, LM321H, LM121AH, 
LM221AH or LM321AH 
See NS Package H08C 

Note: Outputs are inverting from 
the input of the same number. 


Schematic Diagram* 



*Pin connections shown on schematic diagram and typical applications are for TO-5 package. 
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LM121/LM221/LM321, 

LM121A/LM221A/LM321A 





I/LM221/LM321. 

IA/LM221A/LM321A 


T“ T- 


Typical Performance Characteristics (Continued) 



Output Common-Mode Voltage 



2 5 10 20 50 100 200 



-55 -15 • 25 65 105 


SET CURRENT/SIDE foA) 


TEMPERATURE ( C) 


Supply Current 



Offset Voltage Adjustment 



Common-Mode Rejection' Ratio 



10 ’ 100 Ik 10k 100k 

FREQUENCY (Hz) 
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22 


National 

Semiconductor 


Instrumentation Amplifiers 

PRELIMINARY 


LM163/LM363 Precision Instrumentation Amplifier 

General Description 


The LM163 is. a monolithic true instrumentation amplifier. 
It requires no external parts for fixed gains of 10, 100 and 
1,000. High precision is attained by on-chip trimming of 
offset voltage and gain. A super beta bipolar input stage 
gives very low input voltage noise, extremely low offset 
voltage drift, and high common-mode rejection ratio. A 
new two-stage amplifier design yields an open loop gain 
of 10,000,000 and a gain bandwidth product of 30 MHz, yet 
remains stable for all closed loop gains, even with large 
capacitive loads. Supply voltage range is ±5V to ± 18V. 

The LM163 has separate force, sense, and reference pins 
to allow gain to be increased using external resistors. 
Twin differential shield drivers eliminate bandwidth loss 
due to shield capacitance. Compensation pins are 
! available to allow simple low-pass filtering. The LM163 
| with all options is in a 16-pin dual-in-line package. 

j For less stringent applications requiring a single fixed 
! gain, it is also available in an 8-pin TO-5 package. Shield 


drivers, pin-strapped gain options, and offset adjustment 
pins are eliminated on the 8-pin versions. Gain is internally 
set at 10, 100, or 500, but may be increased with the addi- 
tion of external resistors. 

The LM163 is rated for ~55°C to + 125°C operation. The 
LM363 is rated for 0°C to 70°C operation. 

Features 

■ Offset and gain pretrimmed 

■ 7 nV/VHz input noise 

■ 130 dBCMRR typical 

■ 2 nA bias current typical 

■ No external parts required 

■ Differential shield drivers 

■ Available at 0.5 ^V/°C maximum drift 

■ Can be used as a high performance op-amp 
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LM163/LM363 




LM163/LM363 


Absolute Maximum Ratings 

Supply Voltage ±18V 

Differential Input Voltage ± 1 0V 

Differential Input Current ± 20 mA 

Common-Mode Input Voltage Equal to Supply Voltage 

Reference and Sense Voltage ±25V 

Electrical Characteristics (Note i) 

Parameter 

Conditions 

LM163AVLM363A 

LM163 

LM363 

Units 

Min 

Typ 

Max 

Min 

Typ 





Input Offset Voltage 

T a = 25°C, G = 500 


10 

±30 


20 

±50 


30 


mV 

Fixed Gain 

G = 100 


25 

±75 


35 

±100 


50 


mV 


G = 10 


0.2 

±0.6 


0.3 

±1.0 


0.5 

±2.0 

mV 


Full Temperature Range 












G = 500 



±80 



±150 




mV 


G = 100 



±200 



±400 




mV 


G = 10 



±2 



±4 



±5 

mV 

Input Offset Voltage 

G = 500 


0.2 

±0.5 



±2 



±4 

/tV/°C 

Temperature Drift 

G = 100 



±2.0 



±5 



±8 

nWC 

Fixed Gain 

G = 10 



±25 



±50 



±75 

M V/°C 

Input Offset Voltage 

T A = 25°C,G = 1000 


10 

±50 


25 

±100 


50 

±200 

mV 

Programmable Gain 

G = 100 


25 

±150 


50 

±300 


■ ] 

±400 

mV 


G = 10 


0.3 

±1 


0.5 

±2 


1.0 

±3 

mV 


Full Temperature Range 












G = 1000 



±100 



±200 



±400 

mV 


G = 100 



±300 



±500 



±800 

mV 


G = 10 



±3 



±6 



±7 

mV 

Input Offset Voltage 

G = 1000 


0.2 

±0.5 • 


0.5 

±3 


0.8 

±5 

mV/ 0 C 

Temperature Drift 

G = 100 


0.5 

±2.0 


2.0 

±6 


2 

±10 

M V/°C 

Programmable Gain 

G = 10 


5.0 

±25 


10 

±80 



±100 

/iV/°C 

Common-Mode 

G = 5Q0/1000 

126 

140 


120 

130 


114 



dB 

Rejection Ratio 

Full Temperature Range 

115 



106 



104 



dB 


G = 100 

112 

130 


106 

125 


94 



dB. 


Full Temperature Range 




94 



84 



dB 


G = 10 

100 

115 


94 

110 


90 

105 


dB 


Full Temperature Range 

88 



82 



80 



dB 

Input Bias Current 


-5 

2 

5 

-5 

2 

5 

-10 

2 

10 

nA 


Full Temperature Range 


4 

10 

-10 

4 

10 

-20 


-20 

nA 

Differential Mode 

G = 10 


20 



20 



20 


GO 

Input Resistance 

G = 100 


2 



2 



2 


GO 


G = 500/1000 


0.2 



0.2 



0.2 


GO 

Common-Mode 

All Gains 


100 



100 



MSI 


GO 

Input Resistance 












Input Offset Current 



0.2 

1.0 


0.5 

1 


0.5 

3 

nA 


Full Temperature Range 



2 



2 



5 

nA 

Input Offset Current 

-11V<sV cm <13V 



50 



100 





Change 

Full Temperature Range 



150 



300 





input Voltage Noise 

G = 500/1000 


7 



7 



7 


ippilB 

(RMS) 10 Hz< f<10 kHz 

G = 100 


12 



12 



12 


■ 


G = 10 


50 



50 



50 



Input Voltage Noise 

G = 500/1000 


0.4 



0.4 



0.4 



Peak-to-Peak (Note 2) 

G = 100 


1.5 



1.5 



1.5 




G = 10 


10 



10 



10 



Notel: Unless otherwise noted, these conditions apply: V + =V“ = 15V, output load = 5 kn,VcM ; 
force, and junction temperature is 25°C. 

Note 2: Measured for 100 seconds at a bandwidth of 0.01 Hz to 10 Hz. 

= 0, reference pin is grounded, output sense is tied to output 
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Electrical Characteristics (Continued) (Note 1) 


Parameter 

Conditions 

| LM163A/LM363A 

! LM163 

LM363 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Current Noise 
(RMS) 

10 Hz< f < 10 kHz 


0.15 



0.15 



0.15 


pA/>/Hz 

Input Current Noise 
Peak-to-Peak 

0.01 Hz< f < 10 Hz 


40 



40 



40 


pA 

Gain Error 

Fixed G = 10, 100, 500 


0.05 

0.2 


0.05 

0.3 


0.1 

0.5 

% 


Programmable G = 100 


0.05 

0.2 


0.05 

0,3 


0.1 

0.5 

% 


Programmable G = 10 


0.4 

1.0 


0.4 

1.0 


0.6 

1.5 

% 


Programmable G = 1000 


0.4 

1.0 


0.4 

1.0 


0.4 

1.5 

% 

Gain Non-Linearity 

- 10 V < Vqut ^ + iov , 

G = 10, 100 


0.005 

0.01 


0.005 

0.02 


0.01 

0.03 

% 


G = 500, 1000 


0.007 

0.02 


0.007 

0.03 



0.05 

% 

Supply Voltage 

G = 500, 1000 

120 

130 


120 

130 


110 

130 


dB 

Rejection Ratio — 

G = 100 

105 

120 


105 

120 


100 

120 


dB 

Positive 

G = 10 

90 

100 


90 

100 


85 

100 


dB 

Supply Voltage 

G = 500, 1000 

110 

120 


105 

120 


100 

120 


dB 

Rejection Ratio- 

G = 100 

96 

106 


90 

106 


85 

106 


dB 

Negative 

G = 10 

80 

86 


75 

86 


70 

86 


dB 

Common-Mode Input 

V + = V ~ = 15V 

- 11.6 


+ 13.8 

- 11.6 


+ 13.8 

- 11.6 


+13.8 

V 

Voltage Range 

> 

in 

II 

1 

> 

II 

+ 

> 

-2.75 


+ 3.8 

-2.75 


+ 3.8 

-2.75 


+ 3.8 

V 

Small Signal 

G = 500, 1000 | 


30 



30 



30 


kHz 

Bandwidth 

o 

o 

II 

CD 


100 



100 



100 


kHz 


G = 10 


200 



200 



200 


kHz 

Settling Time to 0.1% 

AVqut = 10V, G = 500, 1000 


70 



70 


! 

70 


ns 


G = 100 


25 



25 



25 


ms 


G = 10 


20 



20 



20 


ms 

Open Loop Gain 

G = 500, 1000 

2 x 10 6 

10 7 


2 x 10 6 

10 7 


10 6 

10 7 


V/V 

Gain Shift with 

G = 500, 1000 


15 



15 



15 


ppm/°C 

Temperature 

G = 100 


5 



5 



5 


ppm/°C 


G = 10 


5 



5 



5 


ppm rc 

Supply Current 

Positive 


1.2 

1.8 


1.2 

1.8 

l 

1.2 

2.2 

mA 

Positive 

Negative 


1.6 

2.2 


1.6 

2.2 


1.6 

2.5 

mA 

Reference and 
Feedback Resistance. 


35 

50 

70 

35 

50 

70 

30 

50 

80 

kfl 


Typical Applications 


increasing Gain 



R1 and R2 should be as low as possible to avoid errors due to 50kfi 
input impedance of reference and sense pins. Total resistance 
(R2 + 2R1) should be above 4 kfl, however, to prevent excessive 
load on the LM163 output. The exact formula for calculating gain 
(G) is: 


G = G c 


. (i + — + — \ 
\ R2 50k/ 


R1 > 
R2 50k/ 
G 0 = preset gain 


The last term may be ignored in applications where gain accuracy 
is not critical. The table below gives suggested values for R1 and 
R2 along with the calculated error due to “closest value" standard 
1% resistors. 


Gain Increase 

mr | 

□[“H 

2.5 

3 


5 

6 

LL J 

8 

9 

H° 1 

R1 

IEOH 


2k 

2k 


2k 

2.49k 


3.48k 

4.02k 


R2 

ESHI 

1 2 - 5k 1 

2.74k 

2.05k 


Ik 

Ik 

L Ik 

Ik 

Ik 


Error 

EBB 


0 




+ 0.5% 


BliEEM 

-0.9% 

BIBB 
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Typical Applications (Continued) 

4 mA-20 mA Transmitter _M163 Used as Precision Op Amp 

* 1.4k 



Current regulation is near perfect because the LM163 operates off the 
Zener reference. Circuitry is simplified by being able to drive the 
reference pin outside the power supply voltage. Gain and offset 
adjustments are non-interactive. 2 mA is available to drive the bridge. 


Curvature Corrected Platinum RTD Thermometer 
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LH0036/LH0036C 


Eg National 
mA Semiconductor 


Instrumentation Amplifiers 


LH0036/LH0036C Instrumentation Amplifier 


General Description 

The LH0036/LH0036C is a true micro power 
instrumentation amplifier designed for precision 
differential signal processing. Extremely high accu- 
racy can be obtained due to the 300 M SI input 
impedance and excellent 100 dB common mode 
rejection ratio. It is packaged in a hermetic TO-8 
package. Gain is programmable with one external 
resistor from 1 to' 1000. Power supply operating 
range is between ±1 V and ±18V. Input bias current 
and output bandwidth are both externally ad- 
justable or can be set by internally set values. 
The LH0036 is specified for operation over the 
~55°C to +125°C temperature range and the 


LH0036C is specified for operation over the 
“25° C to +85°C temperature range. 

Features 

■ High input impedance 300 Mfi 

■ High CMRR 100 dB 

■ Single resistor gain adjust 1 to 1000 

■ Low power 90juW 

■ Wide supply range ±1V to ±18V 

■ Adjustable input bias current 

■ Adjustable output bandwidth 

■ Guard drive output 


Equivalent Circuit and Connection Diagrams 


GUARD 

DRIVE BANDWIDTH 

OUTPUT CONTROL 





GUARD 0RIVE 

OUTPUT BAN0WI0TH 

I CONTROL 


4 ggo ©n 

-© 0 - 

^O0Q^ 


Order Number LH0036G or LH0036CG 
See NS Package H12B 
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Absolute Maximum Ratings 


Supply Voltage 

±18V Short Circuit Duration 

Continuous 

Differential Input Voltage 

±30V Operating Temperature Range 


Input Voltage Range 

±V S LH0036 

-55°C to +125°C 

Shield Drive Voltage 

±V S LH0036C 

-25°C to +85° C 

CMRR Preset Voltage 

+V S Storage Temperature Range 

-65°C to +150°C 

CMRR Trim Voltage 

±V S Lead Temperature, Soldering 10 seconds 

300° C 

Power Dissipation (Note 3) 

1.5W 



Electrical Characteristics (Notes 1 and 2) 




LIMITS 


PARAMETER 

CONDITIONS 

LH0036 

LH0036C 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Offset Voltage 

R s = 1.0ktt,.T A = 25°C 


0.5 

1.0 


1.0 

2.0 

mV 

(Vios) 

R s = 1 0kS2 



2.0 



3.0 

mV 

Output Offset Voltage 

R s = 1.(M2,T A = 25°C 


2.0 

5.0 


50 

10 

mV 

(Vqos) 

R s = I.Okft 



6.0 



12 

mV 

Input Offset Voltage 
Tempco (AV| 0 s/AT) 

R s < 1.0kS2 


10 



10 


MV/°C 

Output Offset Voltage 
Tempco (AV oos /AT) 



15 



15 


/iV/°C 

Overall Offset Referred 

A v = 1.0 


2 5 



' 6.0 


mV 

to Input (V os ) 

A v = 10 


0.7 



1.5 


mV 


A v = 100 

1 

0.52 



1.05 


mV 


A v = 1000 


0.502 



1.005 


mV 

Input Bias Current 

T a = 25°C 


40 

100 


50 . 

125 

nA 

Mb) 




150 



200 

nA 

Input Offset Current 

T a = 25° C 


10 

40 


20 

50 

“ nA 

hos) 




80 



100 

nA 

Small Signal Bandwidth 

A v = 1.0, R l = 1 0k£ 2 


350 



350 


kHz 


A v = 10, R l = 1 0k£ 2 


35 



35 


kHz 


A v -= 100, R l - 1 0k£2 


3.5 



3.5 


kHz 


A v = 1000, R l = 1 0kl 2 


350 



350 


Hz 

Full Power Bandwidth 

V, N = ±10V, R l = 10k, 

A v - 1 


5.0 



5.0 


kHz 

Input Voltage Range 

Differential 

±10 

±12 


±10 

±12 


V 

, 

Common Mode 

±10 

±12 


±10 

±12 


V 

Gain Nonlinearity 



0.03 



0.03 


% 

Deviation From Gain 
Equation Formula 

A v = 1 to 1000 


±0.3 

±1.0 


±1.0 

±3.0 

% 

PSRR 

±5.0V < V s < ±15V, 

' A v = 1.0 


1.0 

2.5 


1.0 

5.0 

mV/V 


±5.0V < V s <±i5V, 

A v = 100 


0.05 

0.25 


0.10 

0.50 

mV/V 

CMRR 

A v = 1.0 DC to 


1.0 

2.5 ’ 


2.5 

5.0 

mV/V 


A v = 10 100 Hz 


0.1 

0.25 


0.25 

0.50 

mV/V 


A v = 100 AR S = 1.0k 


50 

100 


50 

100 

pV/V 

Output Voltage 

V s = ±15V, R u = 10k il, 

±10 

±13.5 


±10 

±13.5 


V 


V s = ±1.5V, R l = 100kS2 

±0.6 

±0.8 


±0.6 

±0.8 


V 

Output Resistance 



0.5 



0.5 


n 

Supply Current 



300 

400 


400 

600 

pA 

Equivalent Input Noise 

0.1 Hz<f< 10kHz, 


20 



20 


pV/p-p 

Voltage 

R s < 50£2 








Slew Rate 

AV, n = ±10V, 

R l = 10k£2, A v = 1.0 


0.3 



0.3 


V/ps 

Settling T ime 

To ±10 mV, R l = 1 0kS2, 
AVqut = 1.0V 









A v = 1.0 


3.8 



3.8 


PS 


A v = 100 


180 



180 


PS 



Note 1: Unless otherwise specified, all specifications apply for Vg = ±15V, Pins 1 , 3, and 9 grounded, -25°C to +85°C for the 
LH0036C and -55°C to +125°C for the LH0036. 

Note 2: All typical values are for = 25° C. 

Note 3: The maximum junction temperature is 150°C. For operation at elevated temperature derate the G package on a 
thermal resistance of 90°C/W, above 25° C. 
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Typical Applications 




Instrumentation Amplifier with Logic Controlled 
Shut-Down 






Thermocouple Amplifier with Cold Junction Compensation 



Process Control l nterface 


High Pass Filter 




LH0036/LH0036C 


Applications Information 

THEORY OF OPERATION 



The LH0036 is a 2 stage amplifier with a high 
input impedance gain stage comprised of A-, and 
A 2 and a differential to single-ended unity gain 
stage, A 3 . Operational amplifier, A 1f receives 
differential input signal, e-j, and amplifies it by a 
factor equal to (R1 + R G )/R G . 


A-, also receives input e 2 via A 2 and R2. e 2 is seen 
as an inverting signal with a gain of R1/R G . 
also receives the common mode signal e CM and 
processes it with a gain of +1. 

Hence: 


R1 + R g R1 

“ — e i ~ ” e 2 + e CM 

R g Rg 

By similar analysis V 2 is seen to be: 

R2 + R g R2 

V 2 - - e 2 _ — — d + e CM 

Rg Rg 


For R1 = R2: 


V 2 V-j 



(e 2 - e,) 


0 ) 


( 2 ) 


(3) 


Also, for R3 = R5 = R4 = R6, the gain of A 3 = 1, 
and: 


e 0 = d)(V 2 -V,) = (e 2 -e,) |l + | (4) 

As can be seen for identically matched resistors, 
e CM is cancelled out, and the differential gain is 
dictated by equation (4). 

For the LH0036, equation (4) reduces to: 


A V cl ~ 


e o 

e 2 “ e 1 


50k 

= 1 + 

Rg 


(5a) 


The closed loop gain may be set to any value from 
1 (R g = °°) to 1000 (R g = 50£2). Equation (5a) 
re-arranged in more convenient form may be used 
to select R g for a desired gain: 


50k 

Rg = 

A VCL “ 1 


(5b) 


USE OF BANDWIDTH CONTROL (pin 1) 

In the standard configuration, pin 1 of the LH0036 
is simply grounded. The amplifier's slew rate in 
this configuration is typically 0.3V/jUs and small 


signal bandwidth 350 kHz for A V cl — 1 . In some 
applications, particularly at low frequency, it may 
be desirable to limit bandwidth in order to mini- 
mize the overall noise bandwidth of the device. A 
resistor R BW may be placed between pin 1 and 
ground to accomplish this purpose. Figure 2 shows 
typical small signal bandwidth versus R BW . 



Rbw - RESISTANCE FROM PIN 1 TO GROUND (!>) 


FIGURE 2. Bandwidth vs Rbw 
It also should be noted that large signal bandwidth 
and slew rate may be adjusted down by use of 
Rbw- Figure 3 is plot of slew rate versus R BW . 



FIGURE 3. Output Slew Rate vs Rbw 
CMRR CONSIDERATIONS 


Use of Pin 9, CMRR Preset 

Pin 9 should be grounded for nominal operation. 
An internal factory trimmed resistor, R6, will 
yield a CMRR in excess of 80 dB (for A V cl = 100). 
Should a higher CMRR be desired, pin 9 should 
be left open and the procedure, in this section 
followed. 


DC Off set Voltage and Common Mode 
Rejection Adjustments 

Off-set may be nulled using the circuit shown in 
Figure 4. 



FIGURE 4. Vqs Adjustment Circuit 
Pin 8 is also used to improve the common mode 
rejection ratio as shown in Figure 5. Null is 


4-22 



Applications Information (com d) 

achieved by alternately applying ±10V (for V + & 
V~ = 15V) to the inputs and adjusting R1 for 
minimum change at the output. 


♦15V 



FIGURE 5. CMRR Adjustment Circuit 

The circuits of Figure 4 and 5 may be combined 
as shown in Figure 6 to accomplish both V Q s 
and CMRR null. However, the V Q s and CMRR 
adjustment are interactive and several iterations 
are required. The procedure for null should start 
with the inputs grounded. 


+15V 



-15V 


FIGURE 6. Combined CMRR, Vqs Adjustment Circuit 

R2 is adjusted for Vqs null. An input of + 10V 
is then applied and R1 is adjusted for CMRR null. 
The procedure is then repeated until the optimum 
is achieved. 

A circuit which overcomes adjustment interaction 
is shown in Figure 7. In this case, R2 is adjusted 
first for output null of the LH0036. R1 is then 
adjusted for output null with +10V input. It is 
always a good idea to check CMRR null with a 
-10V input. The optimum null achievable will 
yield the highest CMRR over the amplifiers com- 
mon mode range. 


+15V 



FIGURE 7. Improved Vqs»CMRR Nulling Circuit 
AC CMRR Considerations 

The ac CMRR may be improved using the circuit 
of Figure 8. 


•15V 



FIGURE 8. Improved AC CMRR Circuit 

After adjusting R1 for best dc CMRR as before, 
R2 should be adjusted for minimum peak-to-peak 
voltage at the output while applying an ac 
common mode signal of the maximum amplitude 
and frequency of interest. 

INPUT BIAS CURRENT CONTROL 


Under nominal operating conditions (pin 3 ground- 
ed), the LH0036 requires input currents of 40 nA. 
The input current may be reduced by inserting a 
resistor (R B ) between 3 and ground or, alter- 
natively, between 3 and V . For R B returned to 
ground, the input bias current may be predicted 
by: 


•bias 


V + - 0.5 
4 x 10 8 +800 R, 


(6a) 


or 

V + -05-(4 x 10 8 )(l B1AS ) 

R{3 ~ — 

800 Ibias 

Where: 


(6b) 


•bias = Input Bias Current (nA) 

R b = External Resistor connected between 
pin 3 and ground (Ohms) 

V + = Positive Supply Voltage (Volts) 


Figure 9 is a plot of input bias current versus R B . 


100 


10 

5 

h 

_s 

1.0 


0.1 

10k 100k 1.0M 10M 100M 

R b - RESISTANCE FROM PIN 3 TO GROUND (' >) 

FIGURE 9. Input Bias Current as a Function of Rg 



As indicated above, R B may be returned to the 
negative supply voltage. Input bias current may 
then be predicted by: 


• b 


{V 


■ V") - 0.5 


4 x 10 8 + 800 R b 
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Applications Information (cont d) 


(V+-V-) -0.5-(4x 10 S )(I BIAS ) 

R b s : (8) 

800 l B1AS 

Where: 

Ibias = Input Bias Current (nA) 

R b = External resistor connected between 
pin 3 and V" (Ohms) 

V + = Positive Supply Voltage (Volts) 

V" = Negative Supply Voltage (Volts) 



In a typical application, V s = ±15V, I B1 a l B2 = 
40 nA, the total current, l T , would flow through 
Ri SO causing a voltage rise at point A. For values, 
of R lso > 150 M£2, the voltage at point A exceeds 
the +12V common range of the device. Clearly, 
for R, so = °°, the LH0036 would be driven to 
positive saturation. 


The implication is that a finite impedance must 
be supplied between the input and power supply 
ground. The value of the resistor is dictated by 
the maximum input bias current, and the common 
mode voltage. Under worst case conditions: 


V C mr ~ V C m 
R iso S ; 

*T 

Where: 


(9) 


Vcmr = Common Mode Range (10V for 
the LH0036) 


V CM = Common Mode Voltage 
It = Ibi + I B2 


In applications in which the signal source is float- 
ing, such as a thermocouple, one end of the source 
may be grounded directly or through a resistor. 


Figure 10 is a plot of input bias current versus 
R b returned to V it should be noted that band- 
width is affected by changes in R B . Figure 11 is a 



R b - RESISTANCE FROM PIN 3 TO GROUND (' ») 

FIGURE 11. Unity Gain Bandwidth as a Function of Rg 

BIAS CURRENT RETURN 
PATH CONSIDERATIONS 

The LH0036 exhibits input bias currents typically 
in the 40 nA region in each input. This current 
must flow through R )S0 as shown in Figure 12. 


♦15 V 



GUARD OUTPUT 

Pin 2 of the LH0036 is provided as a guard drive 
pin in those stringent applications which require 
very low leakage and minimum input capacitance. 
Pin 2 will always be biased at the input common 
mode voltage. The source impedance looking into 
pin 2 is approximately 15 kf2. Proper use of the 
guard/shield pin is shown in Figure 13. 



For applications requiring a lower source impedance 
than 15 k£2, a unity gain buffer, such as the 
LH0002 may be inserted between pin 2 and the 
input shields as shown in Figure 14. 
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Definition of Terms 


Bandwidth: The frequency at which the voltage 
gain is reduced to 0.707 of the low frequency 
(dc) value. 

Closed Loop Gain, Avcl : The ratio of the output 
voltage swing to the input voltage swing deter- 
mined by Avcl = 1 + (50k/R G ). Where: R G = 
Gain Set Resistor. 

Common Mode Rejection Ratio: The ratio of 
input voltage range to the peak-to-peak change in 
offset voltage over this range. 

Gain Equation^ Accuracy: The deviation of the 
actual closed loop gain from the predicted closed 
loop gain, A V cl = 1 + (50k/R G ) for the specified 
closed loop gain. 

Input Bias Current: The current flowing at pin 5 
and 6 under the specified operating conditions. 

Input Offset Current: The difference between the 
input bias current at pins 5 and 6; i.e. l Q s = 

ii. - u. 


V os V os 

A V cl=1 A vcl = 1000 


Overall Offset Voltage: 

,, w , V 00 s 

V OS “ V IOS + ~ 


Power Supply Rejection Ratio: The ratio of the 
change in offset voltage, V os , to the change in 
supply voltage producing it. 


Resistor, Rg: An optional resistor placed between 
pin 3 of the LH0036 and ground (or V - ) to 
reduce the input bias current. 


Resistor, Rbw : An optional resistor placed be- 
tween pin 1 of the LH0036 and ground (or V ) 
to reduce the bandwidth of the output stage. 


Input Stage Offset Voltage, V|qs : The voltage 
which must be applied to the input pins to force 
the output to zero volts for A V cl = 100. 

Output Stage Offset Voltage, Vqos : The voltage 
which must be applied to the input of the output 
stage to produce zero output voltage. It can be 
measured by measuring the overall offset at unity 
gain and subtracting V| OS . 


Resistor, R G : A gain setting resistor connected 
between pins 4 and 7 of the LH0036 in order to 
program the gain from 1 to 1000. 

Settling Time: The time between the initiation 
of an input step function and the time when the 
output voltage has settled to within a specified 
error band of the final output voltage. 
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National 

Semiconductor 


Instrumentation Amplifiers 


LH0038/LH0038C True Instrumentation Amplifier 


General Description 

The LH0038/LH0038C is a precision true instrumenta- 
tion amplifier (TIA) capable of amplifying very low level 
signals, such as thermocouple and low impedance strain 
guage outputs. Precision thin film gain setting resistors 
are included in the package to allow the user to set the 
closed-loop gain from 100 to 2000. Since the resistors 
are of a homogeneous single chip construction, they 
track almost perfectly so that temperature variations of 
closed loop gain are virtually eliminated. 

LH0038 exhibits excellent CMRR, PSRR, gain linearity, 
as well as extremely low input offset voltage, offset 
voltage drift and input noise voltage. 


The devices are provided in a hermetically sealed 16-lead 
DIP. The LH0038 is guaranteed from -55°C to +125°C; 
whereas the LH0038C is guaranteed from -25°C to 
+85°C. 

Features 

■ Ultra-low offset voltage 25 mV typ., 100 mV max 

■ Ultra-low offset drift 0.25 mV/C max 

■ Ultra-low input noise 0.2MVp-p 

■ Pin strap gain options 100, 200, 400, 500, Ik, 2k 

■ Excellent PSRR and CMRR 120 dB 


Simplified Schematic Diagram 



Connection Diagram 


Dual-In-Line Package 
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Absolute Maximum Ratings 

Supply Voltage ±18V 

Differential Input Voltage (Note 1) ±1V 

Input Voltage > ±Vs 

Power Dissipation (See Curve) 500 mW 

Short Circuit Duration Continuous 

Operating Temperature Range 

LH0038 -55° C to+125°C 

LH0038C -25°C to +85°C 

Storage Temperature -65°C to +1 50°C 

Lead Temperature (Soldering, 20 seconds) 300°C 


DC Electrical Characteristics (Note 2) 


PARAMETER CONDITIONS 

V|OS Input Offset Voltage T A : 

AVios/AT Input Offset Voltage 

Tempco R s = 500 

VOOS Output Offset Voltage ^CM ~ ^ T A = 

AVoos/AT Output Offset Voltage 
Tempco 

IB Input Bias Current T A : 


lOS Input Offset Current 

AIr/AT Input Bias Current 

Tempco 


T A = 25 C 

T A = 25° C 

T A = 25°C 
T A = 25° C 


V CM = 0V 


Closed Loop Gain Gain Pins Jumpered 
None 
6—10 

6^9, 10-5 

6- 10, 5-9 

7- 10 

8 - 10 

Closed Loop Gain AypL ~ 100, 200 

Error AycL ~ 400, 500 

AycL = IQ 00 

AycL = 2000 

Gain Temperature AycL = 1k 

Coefficient 

Gain Nonlinearity 100 < AycL ^ 2 ^ 

Common-Mode Input 
Voltage Range 

Output Voltage Rl_>10k$7 

Supply Voltage Range 

Guard Voltage Error -10V < Vcm < +10V 



TYP 

MAX 

MIN 

TYP 

MAX 

25 

100 


30 

150 


125 



220 

0.1 

i 0.25 


0.2 

1.0 

3 

10 


* 

25 


15 



1 30 

25 



1 25 

1 


50 

100 


50 

100 


200 



200 

2 

5 


7 

10 


8 



15 

500 



500 








1.0 2.0 

7 


±10 ±12 
±5 



±10 l± 1 2 
t18 ±5 


±10 ±100 
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DC Electrical Characteristics (Note 2) (continued) 


PARAMETER 

CONDITIONS 

LH0038 

LH0038C 


MIN 

TYP 

MAX 

MIN 

TYP 


CMRR Common-Mode 

Rejection Ratio 

V|N = ±10V 

A\/CL = 100 

94 

110 


86 

110 


dB 

A\/CL = 1000 

114 

120 



nui 


PSRR Power Supply 

Rejection Ratio 

±5V< AVs<±15V 

A\/CL = 100 

94 



94 

El'lfjl 


avcl = 1000 

110 

120 

US 

100 

110 


•OSC Output Short 

Circuit Current 

TA = 25° C . 

±2 

±5 


±2 . 

±5 



IS Supply Current 

T A = 25° C 


1.6 



1.6 


R|N DIFF Input Resistance 

A V CL= 1000- T A = 25°C 


5 



5 


M£2 

R|(\lCM Common-Mode Input 

Resistance 

■ 

■ 

■ 

■ 

■ 

■ 


Rout Output Resistance 


1 



1 




AC Electrical Characteristics v s = ±i 5 v,t a = 25 °c 


PARAMETER 

COMMENT 

CONDITIONS 

TYP 

UNITS 

e n Equivalent Input Noise Voltage 

Figure 1 

R$ = 0, f = 0.1 to 10 Hz 

0.2 

/uVp-p 

e^ Equivalent Input Spot Noise 
Voltage 

Figure 1 

RS= 100ft 

f = 10 Hz 

6.5 

nV/\/Hz 

f = 100 Hz 

6.0 

f = 1 kHz 

6.0 

f = 10kHz 

6.0 

BW Large Signal Bandwidth 


v OUT = ±10V 


1.6 

kHz 

S r Slew Rate 


VOUT = ± 10V 


0.3 

V/ms 

t s Settling Time to 0.01% 

Figure 13 


20V Step 

120 

FS 

-10V Step 

80 

+ 10V Step 

60 

t r Rise Time 


AVquT = 100 mV 

0 

0 

11 

_i 

0 

> 

< 

6 

JUS 

a vcl = 1000 

13 

i n Equivalent Input Spot 

Noise Current 


RS= 100 Mft 

1 

i 

f = 10 Hz 

0.1 

pAA/Hz 


Note 1: The inputs are protected by diodes for overvoltage protection. Excessive currents will flow for differential voltages in excess of ±1V. 
Input current should be limited to less than 10 mA. 

Note 2: Unless otherwise noted these specifications apply for Vg = ± 15.0V, pin 15 connected to pin 1, pin 16 connected to ground, over the 
temperature range -55°C to +125°C for the LH0038 and -25°C to +85°C for LH0038C. 
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Typical Performance Characteristics 



Closed Loop Frequency 
Response 



100 Ik 10k 100k , 1M 


FREQUENCY (Hz) 


Common-Mode Rejection 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 


Input Noise Voltage 
(Includes Source Impedance) 


! 12 

> 

3 10 

CD 

2 8 

0 

S 6 

1 4 

1 2 

mmiir 

V S = ±15V 







T 

S 

A = 

25°C 





















































10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Output Swing 



0 2 4 6 8 

OUTPUT CURRENT (±mA) 


Wide Band Noise 



V s = ±15V, R s = Ikfi, A V = 10k, DUT = Ik 
Vertical sensitivity: 0.1 juV/CM 
Horizontal sensitivity: 5 sec/CM 
Bandwidth: 0.1 Hz to 10 Hz 


Pulse Response 



V s = +15V 
r l > lOkn 
AvCL = 1k 


Input Bias Current 



0 5 10 15 20 


SUPPLY VOLTAGE (±V DC ) 


Power Supply Rejection 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Supply Current 



Rise Time 



V s = ±15V 
R l > lOkft 
A V CL= 1k 
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Noise Test Circuit 


X Ik 


X 10 


TEKTRONIX 7623 



FIGURE 1. 


Typical Application 



Applications Information 

THEORY OF OPERATION 


The LH0038 is a 3-stage, true instrumentation amplifier 
composed of a well matched transistor differential pair, 
Q1 and Q2, a common-mode loop amplifier, A2 and A3, 
and a differential to single ended amplifier, A4. A simpli- 
fied schematic is shown in Figure 3. 

Current source, l/\, establishes a voltage across R14 of 
approximately 2 V, which results in a 2 V drop across R8 
and R12. This constant voltage forces the first stage 


current to be 20 yuA per side. The action of A2 and A3 
is such that 20 \if\ is maintained constant despite the 
presence of common-mode signals. The differential out- 
puts of A2 and A3 are applied to differential amplifier, 
A4, which converts the signal to a single-ended output 
and provides a gain of 5. The total gain of the amplifier 
is, therefore, the fixed gain of 5 multiplied by the gain 
of the composite input stage. 
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Applications Information (Continued) 


V + 



The closed loop gain of the composite amplifier may be 
better understood by referring to Figure 3. The Q1— A2 
loop may be viewed as differential amplifier with the 
inverting input at the base and non-inverting input at 
the emitter. Combining small signal AC and large signal 
DC analysis = 


v 1 = el 


R17 + Re 

"re" 



+ e cm~ Vbei - hRi? 


By similar analysis: 


v2 = e2 


R16 + Re\ 
, RE / 




( 2 ) 


For l*| = \2, R17 = Rf6, VgEI = VbE 2» subtracting 
equation (1) from (2) results in: 


v2-v1 = (e2~e1) 


R16+ Re 


+ (e2 - el) 



(3) 


v2-v1 2R16 

=' +1 (4) 

e2~e1 RE 


+ Ecm~ VbE 2“ '2 r 16 
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Applications Information (Continued) 


The differential input voltage (v2 — vl ) is amplified by 
the closed loop gain of A4: 

e OUT = (AVCL4) (e2 — el) (5) 


All other closed loop gain configurations place a precision 
resistor in parallel with Rg(R9 + R10)j For example, for 
a gain of 200, pin 6 is connected to pin 10 and the gain 
is predicted by: 


where: 


R20 

AVCL4 = ^. 


a VCL = 5.00 


(2) (100k) 

(10.526k) II (10.000k) 


( 8 ) 


•= (5.00) (40) = 200 


= 5.00 


A V CL = 5 


/ 2R16 



( 6 ) 


As an example, with all gain pins open, Rf= = 10.526 k£2, 
and: 


CLOSED LOOP GAIN CONSIDERATIONS 
USING INTERNAL RESISTORS 

Table I summarizes the primary gain configurations 
available with the LH0038. Obviously, other gains are 
possible. Using the internally supplied resistors has the 
advantage that R16, R17, and Rg all track thermally, 
minimizing the device's gain error as a function of 
temperature. 


AvCL = 5 


/ (2) (100k) ( \ 

\ 10.526k / 


= 100.0 


Gain adjustment by paralleling or series padding inter- 
nally supplied resistors is generally discouraged since 
external resistors will generally not thermally track. It 
is recommended that the gain adjustment be done in a 
subsequent stage as shown in Figure 4. 


X 1000 
15V 



FIGURE 4. Recommended Gain Adjust Circuit 


TABLE I. LH0038 INTERNAL GAIN CONFIGURATIONS 


OVERALL 

GAIN 

FIRST STAGE 

GAIN 

PIN CONNECTIONS 

EFFECTIVE 

Re 

100 

20 

All Gain Pins Open 

10.5260 k£2 

200 

40 

Pin 6 to Pin 10 

5.1281 kQ 

400 

80 

Pin 6 to Pin 9, Pin 10 to Pin 5 

, 2.5316 kH 

500 

100 

Pin 6 to Pin 10, Pin 9 to Pin 5 

2.0202 kn 

1000 

200 

Pin 7 to Pin 10 

1.0050 k£2 

2000 

400 

Pin 8 to Pin 10 . 

0.5013 kfi 
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Applications Information (Continued) 

GUARD DRIVE 

The LH0038 is provided with a guard drive output, 
which will always be at the input common-mode voltage. 
The guard drive amplifier is short-circuit proof and is 
capable of driving several thousand pF without danger 
of latch-up or oscillation. 

The guard drive tied to a shielded input cable will greatly 
reduce noise pick-up, and also improve AC CMRR by 
maintaining the shield at the common-mode voltage. 
Figure 5 illustrates the proper use of the guard drive. 


The guard drive output is also connected to the case to 
provide electrostatic shielding to the system. 

REMOTE OUTPUT SENSE 

The feedback network of the LH0038 may be closed 
directly at the load in order to eliminate errors due to 
lead resistance. Also, a unity gain buffer; e.g. LH0002, 
may be included within the feedback loop to increase 
output current capability as shown in Figure 7. 



15V 



FIGURE 6. Remote Sense Connection 
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Applications Information (Continued) 

OFFSET NULL 


Offset of the LH0038 is trimmed by the factory to a 
very low value. The offset may be further trimmed using 
a 10 k£2, 10 turn, 100 ppm/°C potentiometer as shown 
in Figure 8. However, a drift increase of 0.3 /uV/° C will 
be caused for each 100 /iV of offset adjusted. The 
recommended offset null is shown in Figure 4 and is 
accomplished in the following stage. 

BIAS CURRENT CONSIDERATIONS 

The LH0038 exhibits bias current of approximately 50 
nA per side, and requires a path to ground or supply. 
The practical limitation to the maximum resistance 
between the inputs and ground is dictated by negative 
common-mode range as shown in Figure 9. For example, 
for VcM = “10V, RcM < 20 MH. 


15V 



FIGURE 8. Offset Adjust Circuit 
(See also Figure 4) 

15V 


The LH0038 input stage bias was optimized for minimum 
voltage noise so the input bias currents are higher than 
might otherwise be expected. Note, however, that the 
input currents are very well matched, resulting in an 
offset current value much lower than one might infer 
from the bias current. In order to take advantage of this 
low offset current, the source impedances at both 
inputs should be matched to minimize DC drift. Further, 
bias current is relatively constant with temperature (as 
opposed to an FET stage), so one can consider bias 
current compensation schemes such as shown in Figure 
10. The danger with such techniques is that the offset 
current and noise contributed by the bias current com- 
pensator will dominate the system noise. 


15V 



— — V CM Vcmr = Common-Mode Range = ±12V 

| Vqm = Common-Mode Input Voltage 

■ST I B 1 + l B 2 = B ' as Current = 100 nA 

FIGURE 9. Bias Current Return 



-15V 

FIGURE 10. Bias Current Compensation 
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Applications Information (Continued) 

SETTLING TIME 

The LH0038 has been purposely over-compensated, and 
is therefore remarkably free from any undesirable tran- 
sient response. Small signal settling time is governed by 
gain-bandwidth product; large signal settling time is 
dominated by slew rate. 

Figure 11 shows an input voltage step of +10V to -10V 
applied, through a 1000 to 1 voltage divider, to the 
device configured for an inverting gain of 1000. The 
output of the device will therefore be equal to the 
negative of the input after the device is completely 
settled. By resistively subtracting the input before the 
divider from the device output, a pseudo summing node 
is generated. The voltage at this pseudo summing junc- 
tion goes “off screen" on the photos, since in the first 
small time increment the input goes instantaneously to 
-10 mV and the output is still at -MOV. About 130 jus 
after the input has gone negative, the output slews back 
in range and begins an exponential approach to the 
final value. Figure 12 is the same set-up for a -10V 
to +10V input pulse. Note that there is no overshoot 
in either case. The test circuit is shown in Figure 13. 

HIGH FREQUENCY CMRR 

The LH0038 resistor ratios are carefully trimmed for 
optimum CMRR at DC through 60 Hz. Inevitably, this 
rejection will degrade at higher frequencies due to 2 
separate effects: stray capacitance mismatch and slew 
rate limiting in the input stage. In most discrete instru- 


mentation amplifier realizations, the stray capacitance 
mismatch dominates simply . because the stray capac- 
itances are relatively large (this can be trimmed out in a 
discrete amplifier). In a hybrid circuit such as the 
LH0038, stray capacitance is minimized, so the effects 
of mismatch are also minimized. 

The response to a pulse or noise spike applied as a 
common-mode signal may be dominated by the slew 
characteristics of the input stage. Whenever the common- 
mode input slew rate exceeds 0.2 V//is, the 2 input 
amplifiers will apply identical ramp signals to the final 
stage and cause its output to go to near 0V. Note that 
the amplifier is not really active under these conditions 
as normal mode signal variations will not be coupled to 
the output. Some time may be required for the amplifier 
to settle after a transient of this kind before the output 
can be considered represent tive of the input. Slew rate 
limiting will not normally be the limiting factor for sine 
wave common-mode signals as 0.2 V/fis corresponds to 
about 2 kHz (20 Vp-p). 

POWER SUPPLY DECOUPLING 

Although the LH0038 exhibits in excess of 120 dB 
PSRR at DC, the figure degrades to 100 dB at 120 Hz. 
It is recommended that both V + and V leads be by- 
passed with 1 ii F electrolytic in shunt with 0.01 (iF 
ceramic disc no further than 1 inch from the device. 


VlN 



t s , Av = 100, V| N = -20V t s , A V = 100, V| N = 20V 

FIGURE 11. Settling Time FIGURE 12. Settling Time 


10k Ik 10k 

0.1% 10T 0.1% 



PSEUDO 

SUMMING JUNCTION 
OUTPUT 


u 




0 20 40 60 80 100 120 140 160 


TIME M 


FIGURE 13. Settling Time Test Circuit 


FIGURE 14. Settling Time 
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Definition of Terms 

Bandwidth: That frequency at which the voltage gain is 
reduced to 3 dB below the low frequency value. 

Common-Mode Rejection Ratio, CMRR: The ratio of 
the input common-mode voltage range to the peak-to- 
peak change in input offset voltage over this range. 

Input Offset Voltage, V|0S : The voltage which must be 
applied to the inputs to force the outputs of the input 
stage to OV. V|OS can be calculated by measuring Vos 
at closed loop gains of 100 and 2000 and using the 
following equation: 

(Vqs) 2k -(V qs) 100 


Where: 

(Vos)2k = overall offset voltage for AyCL = 2k. 
(Vos)100 = overall offset voltage for A\/CL = 100. 

Gain Non-Linearity: The deviation of the gain from a 
straight line drawn through the end points expressed as 
a percent of full-scale (10V for operations on ±15V 
supply). Note that this is a more stringent specification 
than deviation from the best straight line and is double 
the number that would be specified if the percentage 
were based on a 20V (±10V) range. 

Guard Voltage Error: The voltage difference between 
the guard drive output and the average of the 2 input 
voltages. 

Input Bias Current, Ig: The average of the 2 input 
currents. 

Input Common-Mode Voltage Range, V||\jcm : The range 
of voltages qn the input terminals for which the ampli- 
fier is operational. Note that the specifications are not 
guaranteed over the full common-mode voltage range 
unless specifically stated. 

Input Offset Current, !os : The difference in the currents 
into the 2 input terminals when the output is at zero. 

Input Resistance: The ratio of the change in input 
voltage to the change in input current on either input 
with the other grounded. 

Overall Offset Voltage, Vqs : The output voltage when 
both inputs are connected to 0V. Vos is composed of 
input amplifier offset voltage effects, V|0Sr and output 
amplifier effects, VooS- R is given by: 

Vos = (Avcl) (Vios) ~ v oos 

Where: 

AVCL = closed loop gain = 100 to 2k 
V|OS = input stage offset voltage 
VOOS = output stage offset voltage 


Output Offset Voltage, VooS : The output voltage when 
the outputs of the input stage are forced to 0V. VqOS 
may be calculated by measuring Vos at closed loop gains 
of 100 and 2000 and using the following equation: 

Voos = (20) (VQS) 100 - (Vqs) 2 k 
19 

Where: 

(Vos) 1°0 = overall offset voltage for A\/CL = 10° 
(Vo£) 2k = overall offset voltage for A\/CL 

Output Voltage, Vq: The peak output voltage swing, 
referred to zero. 

Offset Voltage Temperature Drift, AV|os/AT: The 
average drift rate of offset voltage for a thermal variation 
from room temperature to the indicated temperature 
extreme. 

Power Supply Rejection Ratio, PSRR: The ratio of the 
change in input offset voltage to the change in power 
supply voltages producing it. 

Settling Times, t s : The time between the initiation of the 
input step function and the time when the output voltage 
has settled to within a specified error band of the final 
output voltage. 

Slew Rate, S r : The internally-limited rate of change in 
output voltage with a large-amplitude step function ap- 
plied to the input. 

Supply Current, ±l s : The current required from the 
power supply to operate the amplifier with no load and 
the output midway between the supplies. 

Supply Voltage Range: The range of voltages on the 
supply terminals for which the device is operational. 
Note that the specifications are not guaranteed over the 
full supply voltage range unless specifically stated. 

Transient Response, t r : The closed-loop step-function 
response of the amplifier under small-signal conditions. 

Unity Gain Bandwidth: The frequency range from DC 
to the frequency where the amplifier open loop gain 
rolls off to 1 . 

Closed Loop Gain, AvcL : The ratio of output voltage to 
input voltage under the stated conditions of source 
resistance (R$) and load resistance (R|_). 

Voltage Gain Error: The deviation in percent between 
the ideal voltage gain and the value obtained when the 
device is configured for that gain. 
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National 

Semiconductor 


Instrumentation Amplifiers 


LH0084/LH0084C Digitally-Programmable-Gain 
Instrumentation Amplifier 


General Description 

The LH0084/LH0084C is a self-contained, high speed, high 
accuracy, digitally-programmable-gain instrumentation 
amplifier. It consists of paired FET-input variable-gain 
voltage-follower input stages followed by a differential-to- 
single-ended output stage. The input stage is program- 
mable in accurate gain steps of 1,2,5, orlOcontrolled by the 
logic levels of a2-bitTTL-compatibledigital input word. For 
additional flexibility, the output stage is pin-strappable to 
fixed gains of 1, 4, or 10 for an overall gain range of 1 to 100. 

Applications include increased dynamic range A-to-D con- 
verters, test systems, and post multiplexer amplifier for 
data acquisition systems. 

The device exhibits high input impedance, low offset 
voltage, high CMRR and PSRR, high speed, and excellent 
gain accuracy and gain non-linearity. 


The LH0084 is guaranteed from -55°C to +125°C. The 
LH0084C is guaranteed from -25°C to +85°C. Both 
devices are provided in a hermetically sealed 16-lead dual- 
in-line metal package. 

Features 

■ Excellent gain accuracy 
and low gain non-linearity 

■ Extremely low gain drift 

■ High input impedance 

■ High CMRR and PSRR 

■ TTL compatible digital inputs 

■ High speed, settling to 0.1% 


0.05% max 
0.01 % typ 
1 ppm/ °C typ 
10 ppm/°C max 
lO 11 ^ typ 
70 dB min 

4 ns max 


Simplified Schematic 


Connection Diagram 


v + 



Dual-ln-Line Package 



Case is electrically isolated 


Order Number LH0084D or LH0084CD 
See NS Package D16D 
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Absolute Maximum Ratings 



Supply Voltage (Note 1) 

±18V Output Short Circuit Duration 

Continuous 

Analog Input Voltage (Note 2) 

± 15V Operating Temperature Range 


Differential Input Voltage (Note 2) 

± 3QV LH0084 

- 55°C to + 125°C 

Digital Input Voltage 

- 4V, + 18V LH0084C 

- 25 “C to +85 °C 

Power Dissipation (See Curve) 

2 5W Storage Temperature 

-65®C to + 150 °C 


Lead Temperature (Soldering, 20 seconds) 

+ 300°C 

DC Electrical Characteristics v s = 

±1SV, R L = 10 kQ,T M | N ^T A <T M AX unless noted 



Parameter 



LH0084 

LH0084C 


UUIIUIllUlia 

Min 

Typ 

Max 

Min 

Typ 



V IOS 

Input Offset Voltage 





5 


0.3 

10 





■ ■ 

■ 


7 



13 

AV| 0S /AT 

Input Offset Voltage 
Change with 

R s =100fi 

II 

■ 


■ 

■ 





Temperature 

V CM = 0 

IhhI 








V OOS 

Output Offset Voltage 

(Note 3) 



0.6 

5 




mV 







HBH 

■ 


■Ell 

AVqos/AT Output Offset Voltage 

■ 

1 

■ 


| 

■ 

20 


nWC 


Change with 
Temperature 

II 

m 

■ 


1 

1 




*B 

Input Bias Current 


BBSS 


150 

500 


150 

500 ‘ 

pA 


(Note 4) 

II 








nA 

•os 

Input Offset Current 




50 




200 

pA 







200 



50 

nA 

R|N 

Input Resistance 

Differential 







fi 

Common-Mode 







V,N 

Input Voltage Range 





±10 


M 

V 

A V 

Voltage Gain 

See Table 1 


■ ■ 

1 



1 

■ 






|| 

2 


1 

2 

■ 







5 



5 









■■■ 

1 

10 


v/v 





II 


II 


20 







■■ 


■■ 

■ 

50 

| 










100 

■ 



Gain Error 

A v = 1, 2, 5 




0.05 



WESM 




BBEEE1E3 



0.1 


EEEI 

wtiwm 




A v = 1, 2, 5 




■a 


■nrsgi 

M wm 

% 







0.3 


0.03 

0.3 


Gain Nonlinearity 


■KBMiW 


0.002 



0.002 











0.005 



AA V /AT 

Gain Temperature 
Coefficient 



■ 

10 

■ 

■ 

10 

ppm/°C 

CMRR 

Common-Mode 

V IN = ±10V 

HBHI 

70 

80 


mm 

K9 




Rejection Ratio 



O 

94 


76 

94 








94 



94 

\ 


PSRR 

Power Supply 

± 8V<V S < ± 18V 

WEBM 




70 

84 



Rejection Ratio 



76 

92 


76 

92 










80 

104 



Vo 


R l >10 kfi 


±12 


±10 

±12 


V 

•c 

Output Short-Circuit 


T A = 25°C 

±5 

±18 

±40 

±5 

±18 

±40 

mA 


Current 



±2 


±40 

±2 


±40 
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DC Electrical Characteristics (Continued) V s = ±15V, R L = 10 kn,T M | N ^T A <T MA x unless noted 


Parameter 

Conditions 

LH0084 

LH0084C 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

R 0 Output Resistance 



0.05 



0.05 



V| L Digital “0” 

Input Voltage 




0.7 



0.7 

V 

V| H Digital “1” 

Input Voltage 

2.0 



2.0 



l| L Digital “0” 

Input Current 

V, N = 0.4V 


1.5 

40 


1.5 

40 

/xA 

1 ih Digital “1” 

Input Current 

V, n = 2.4V 


0.01 





V s Supply Voltage 

Range 


±8 


±18 



±18 

V 

l s ( + ) Positive Supply 

Current 

V s < ± 18V 


12 

18 


12 

26 

mA 

l s (-) Negative Supply 

Current 


oo 

12 


8 

14 

P D Power Dissipation 

V s = ± 15V 


315 

450 


315 

600 

mW 


AC Electrical Characteristics v s = ±i 5 v,t a = 25 ”c, r u =io kn 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

BW Bandwidth (Figure 1) 

Small Signal, 

-3 dB 

A v = 1 


3250 


kHz 

A v = 10 


500 


A v = 1 00 


350 


Small Signal, 

-1% 

A v = 1 


300 


A v = 10 


75 


o 

o 

II 

< 


55 


PBW Power Bandwidth 

V 0 = ± 10V 


200 


SR Slew Rate 

10 

13 


V//xS 

t s Settling Time ( Figure 2) 

±0.1% 

AV 0 = ± 20V 

A v = 1 


2.3 

3.0 

4 s 

A v = 10 


2.7 

3.5 

A v = 1 00 


3.1 

4.0 

Gain Switching Time 



3.5 


E n Equivalent Input 

Noise Voltage ( Figure 3) 

BW = 0.1 Hz-10 Hz 

Ay = 100 


7 


(*Vp-p 

BW = 10 Hz-10 kHz 


1.4 


lA/ rms 

l N Equivalent Input 

Noise Current ( Figure 3) 

BW= 10 Hz-10 kHz 


30 


pArms 


Note 1: Improper supply power-on sequence may damage the device. See Power Supply Connection section under Applications Information. 

Note 2: For supply voltages less than ±15V the maximum input voltage is equal to the supply voltage. 

Note 3: These parameters are specified at junction temperature, Tj. In normal operation the junction temperature rises above the ambient temperature, T A , 
as a result of internal power dissipation, Pq. Tj = T a + 0j A Pq where 0j A is the thermal resistance from junction to ambient. 

Note 4: The input bias currents are junction leakage currents which approximately double for every 10 °C increase in the junction temperature. 
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Typical Performance Characteristics 


Power Dissipation 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Gain Accuracy 



1 10 100 
GAIN (V/V) 


Input Bias Current 



-55 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE (°C> 


Small Signal 
Frequency Response 


Common-Mode Rejection 
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Applications Information 

THEORY OF OPERATION 

The LH0084 is a digitally-programmable-gain true- 
instrumentation amplifier composed of a variable-gain 
voltage-follower input stage (A1 and A2), followed by a 
differential output stage (A3). The schematic is shown in 
Figure 4. 

The input stage contains matched high-speed FET-input 
op amps (A1 and A2). A high-stability temperature- 
compensated resistor network (R1 through R7) controls 
feedback ratios at the inverting inputs of op amps A1 and 
A2 via FET switches S1A-S4A and S1B-S4B. Since the FET 
switches are in series with the op amp input impedance 
their resistance match and temperature drift do not 
degrade the gain accuracy of the instrumentation 
amplifier. The FET switches are controlled through a 
1-of-4 decoder and switch driver, by the logic levels ap- 
plied at the digital input terminals D1 and DO and set the 
gain of the input stage as shown in Table I. 


If, for example, D1 is High (ss2.0V) and DO is Low (<0.7V), 
FET switch pair S3A and S3B will be closed (and all re- 
maining switches open). The input stage gain, A V (i), can 
then be shown to be: 


V2-V1 


Ni>=" 


V| N ( + )-V in (-) 

R4 + R5 + R6+R7 


= 1 +- 


R1 + R2+R3 
6k + 6k + 10k + 10k 


(D 


= 1 +- 


4k + 2k + 2k 


= 5 



FIGURE 4 
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TABLE I. GAIN TRUTH TABLE AND CONNECTION TABLE 





2nd Stage 

Overall 


Pin Connections 

Gain 

Gain 





Ay(2) 

Av 


0 

1 



1 


1 

0 

2 

5 

6-10, 13-GND 

1 

2 

5 

pjonp 

1 

10 



10 

■ 

0 

1 



4 

H 

1 

0 

2 

5 

7-10, 12-GND 

4 

8 

20 


1 

10 



40 

mam 

0 

1 




Bjfl : 

1 

2 

8-10, 11-GND 

10 



0 

5 





1 

10 





The output stage, consisting of op amp A3 and resistors 
R8 through R15, converts the voltage difference at the 
output of the input stage, V2 minus VI, to a single-ended 
output. For increased flexibility of the LH0084, the output 
stage gain is pin-strappable by selecting RIO, R10+ R12, 
or RIO + R12 + R14 as feedback resistor for A3. The ratios 
of these resistors to the differential stage input resistor 
R3 are kept very accurate to maintain the excellent 
overall gain accuracy of the device. The output stage 
gain, A V(2 ), is equal to the feedback resistance divided by 
the input resistance. Thus with, for example, Pin 7 wired 
to Pin 10, that gain would be: 

V OUT 

A V ( 2 ) = 

V2-V1 

R10+R12 


R8 (2) 

10k + 30k 


10k 
= 4 


To preserve the high common-mode rejection ratio of the 
output stage, the ground sense resistor, R11, R11 + R13 or 
R11 + R13 + R15, must match the feedback resistor used. 

The overall gain of the LH0084 is therefore: 


V 0UT 

A v _ — 

v in( + ) - v in(~) 

V2-V1 V OUT (3) 


V|n( + )-V, n (-) V2-V1 
= A V (1)-A V (2) 

The different gains available are in the range of 1 through 
100 and are summarized in Table I. 


POWER SUPPLY CONNECTIONS 

Proper power supply connections are shown in Figure 5. 
The power supplies should be bypassed to ground as 
close as possible to device supply pins. For optimum 
high speed performance V + and V" should be decou- 
pled with a 0.01 ^F ceramic disc in parallel with a 1 i*F 
electrolytic capacitor. 

The two ground pins, analog and digital grounds, should 
be connected together as close to the device as possible, 
preferably with a ground plane underneath the device. If 
this is not possible, the grounds should be connected 
together locally with back-to-back diodes and hard-wired 
together off-board. If a ground reference offset is used, it 
must be low impedance compared to the ground sense 
resistance to avoid CMRR degradation. 

Care must be taken in the supply power-on sequence. 
The LH0084 may suffer irreversible damage if the V + 
supply is applied prior to the powering on of the V“ 
supply. In most applications using dual tracking supplies 
and with the device supply pins adequately bypassed, 
this will not present a problem. If this cannot be 
guaranteed, a germanium or Schottky protection diode 
should be connected between the digital ground pin and 
the V “ pin as shown in Figure 5. 



FIGURE 5. Power Supply Connections 
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Applications information (Continued) 

SIGNAL CONNECTIONS 

The input signals should be connected as shown in 
Figure 6. To minimize errors, R s ( + ), Rs(-) and r cm 
should be kept as small as possible. 

The output connections are also shown in Figure 6. The 
feedback leads should be kept short as should the 
ground sense in order to minimize lead resistance and 
parasitic capacitance. 

OFFSET AND GAIN ADJUSTMENTS 

Special care must be taken when using external offset 
adjustment. Since the LH0084 is a 2-stage amplifier with 
each stage contributing offset errors, and the amplifier 
presumably is used at several different gains, it is impor- 
tant to realize that the offsets of both the 1st and the 2nd 
stages must be nulled to maintain zero offset referred to 
output (RTO) at all gain settings. 

In general, it is recommended that the input stage offset 
(Vios) be adjusted with a potentiometer as shown in 
Figure 7. The output stage offset (V 00s ) is ideally ad- 
justed at a subsequent gain stage (i.e. sample-and-hold 
or A-to-D converter), but if this is impractical, it may also 
be done as shown in Figure 7. 


Recommended offset adjust procedure is as follows: In- 
itially set both pots to center positions and short both in- 
puts of the LH0084 to ground. 

a) Set the input stage gain to 1 (pull D1 and DO low). 
Measure the output voltage, V 0UT1 . 

b) Set the input stage gain to 10 (pull D1 and DO high). 
Measure the new output voltage, V 0UT2 . 

c) Calculate the portion of V 0 ut 2 contributed by the out- 
put stage offset per the equation: 


V OOS = — (10-Vquti - V OUT2) (4) 

9 


d) While maintaining an input stage gain of 10, adjust the 
input offset voltage (V| 0 s) potentiometer until the out- 
put voltage is equal to the voltage calculated in Equa- 
tion (4). 

e) Change the input back to a gain of 1 and adjust the 
output offset voltage (V 0 os) potentiometer until the 
output voltage is zero. 



>Vout 


v OUT = AvI V|N( + ) - V|N( - )1 + VREF 


FIGURE 6. Signal Connections 



FIGURE 7. Offset Adjust Circuit 
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An alternate offset adjust scheme is shown in Figure 8. 
The offset should be rezeroed after each time the gain is 
changed or when the op amp integrator drift warrants a 
new zero pulse. An additional advantage of this adjust- 
ment technique is that it can also be used to cancel out 
offset voltage drift and common-mode voltage error con- 
tributions. 

External gain adjustment is generally discouraged since 
gain accuracy can be optimized for one gain setting only. 
If gain adjustment is required, however, it should be done 
at a subsequent gain stage. 


LOGIC CONNECTIONS 

The digital inputs D1 and DO are referenced to the digital 
ground. The device interfaces directly to TTL and, with 
pull-down resistors, to CMOS. 

Interfacing with microprocessors will usually require a 
latch. A circuit using full 6-bit wide address decode and 
write strobe is shown in Figure 9. 


REMOTE OUTPUT SENSE 

The feedback resistors of the LH0084 can be connected 
directly at the load in order to eliminate errors due to lead 
resistance ( Figure 10). 



FIGURE 8. Auto Zero Circuit 




FIGURE 9. Typical Microprocessor Interface 


FIGURE 10. Remote Sense Connection 
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Applications information (Continued) 

Also* a unity gain buffer, such as the LH0033, may be 
included in the feedback loop for increased current drive 
capability as shown in Figure 11. 


The output sense feature can also be used in other ways 
such as output offset, Figure 12, or current source output, 
Figure 13. 


OUTPUT SENSE 




v OUT = A V v IN + v REF 
|VoutI<iov 

FIGURE 12. Output Offset Connection 



A V -V| N 

| OUJ= 

r SET 

HoutK 5 mA 

i l OUT( R L+ R SET)K 10v 


FIGURE 13. Output Current Source Connection 


Applications 

The LH0084 is ideal for application in increased dynamic 
range A-to-D converters, test systems, process control, 
and multi-channel data acquisition systems. Figure 14 
shows the device used in a typical data acquisition 
system. 

A software offset and gain error correction scheme is 
shown in Figure 15. By first selecting a multiplexer input 


connected to analog ground, and then selecting a 
channel connected to a reference of known value, the 
overall system gain and offset errors can be calculated. 
For all subsequent readings, offset and gain corrections 
can be made mathematically by solving a simple first- 
order equation in software. 


PREAMP 


MUX 


PROG. GAIN 

INST. AMP S/H A/D 


LOW LEVEL 
ANALOG 
INPUT 



FIGURE 14. Typical Data Acquisition System 
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Applications (Continued) 



FIGURE 15. Software System Offset and Gain Calibration Circuit 


Definition of Terms 

Input Offset Voltage, V I0S : The voltage which must be 
applied to the inputs to force the output of the input 
stage to OV. V (0 s can be calculated by measuring V 0 s 
(RTO) at input stage gains of 1 and 10 and using the 
following equation: 


v ios=— ^ v os| Av = 10 “ v os 



where: 

Vos | a v = io = Overall offset (RTO) for A v = 10 

V os | Av= i = Overall offset (RTO) for A v = 1 

Input Offset Current, l os : The difference in the currents 
into the 2 analog input terminals at 0V. 

Input Bias Current, l B : The average of the currents into 
the 2 analog input terminals at 0V. 

Input Resistance, R| N : Common-mode input resistance is 
the change in input voltage range divided by the change 
in input bias current with both analog inputs at the same 
voltage. Differential input resistance is the change in in- 
put voltage at one input terminal divided by the change in 
input current at the other input terminal which is kept still 
at 0V. 

Input Voltage Range, V IN : The voltage range for which the 
device is operational. 

Common-Mode Rejection Ratio, CMRR: The ratio of the 
input common-mode voltage range to the change in input 
offset voltage over this range. 

Power Supply Rejection Ratio, PSRR: The ratio of the 
specified change in supply voltage to the change in input 
offset voltage over this range. 

Voltage Gain, Ay: The ratio of output voltage change to 
the input voltage change producing it. 

Gain Error: The deviation in percent between the ideal 
voltage gain and the value obtained when the device is 
configured for that gain. 


Gain Non-Linearity: The deviation of the gain from a 
straight line drawn through the end-points expressed as 
a percent of full-scale (10V for operation with ±15V sup- 
ply). For testing purposes it is the difference between 
positive swing gain (0V to 10V) and average gain ( - 10V to 
10V) or between negative swing gain (0V to - 10V) and 
average gain. 

Output Stage Offset Voltage, V 00 s- The voltage which 
must be applied to the input of the output stage for the 
output to be forced to 0V. V 0 os can be calculated by 
measuring V 0 s (RTO) at input stage gains of 1 and 10 and 
applying the following equation: 


v oos= — (iOVqs 
9 V 


where: 

V os | a v = i = 0veral1 offset (RTO) for A v = 1 
V os | A v = io ==0veral1 offset ( RT0 > for A v = 10 

Offset Voltage (Referred to Output), V 0S<RT0 ): The output 
voltage when both inputs are connected to 0V. V 0 s is 
composed of input offset voltage, V j0 s. and output offset 
voltage, V 0 os» and is a function of amplifier gain. The 
overall offset voltage is given by: 

V OS(RTO) = A V(2)( A V(1) V IOS + V OOs) 
where: 

V|os = input offset voltage 
Voos = Output stage offset voltage 
A V (i)= Input stage gain 
A V ( 2 ) = Output stage gain 


| A V = 1 


-Vo 


A V = 10^ 
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Definition of Terms (Continued) 

Output Voltage Swing, Vp: The peak output voltage swing 
referenced to ground into specified load. 

Output Short-Circuit Current, l 0 : The current supplied by 
the device with the output connected directly to ground. 

Output Resistance, r 0 : The ratio of change in output 
voltage to change in output current around zero output. 

Supply Voltage Range, V s : The supply voltage range for 
which the device is operational. 

Supply Current, l s : The current required from the supply 
to operate the device with zero load and with the analog 
as well as the digital inputs at OV. 

Power Dissipation, P D : The power dissipated in the 
device with zero load and with the analog as well as the 
digital inputs at OV. 

Digital “1” Input Voltage, V tH : Minimum voltage required 
at the digital input to guarantee a high logic state. 

Digital “0” Input Voltage, V| L : Maximum voltage required 
at the digital input to guarantee a low logic state. 

Digital “1” Input Current, I|h: The current into a digital in- 
put at specified logic level. 

Digital “0” Input Current, l||_: The current into a digital in- 
put at specified logic level. 

Average Input Offset Voltage Drift, AV| 0S /AT: The ratio of 
input offset voltage change from 25 °C to either 
temperature extreme divided by the temperature range. 

Average Output Offset Voltage Drift, AV 0 os^T: The ratio 
of output offset voltage change from 25 °C to either 
temperature extreme divided by the temperature range. 


Average Gain Temperature Coefficient, AA V /AT: The ratio 
of change in gain from 25 °G to either temperature 
extreme divided by the temperature range. 

Small Signal Bandwidth, BW: The frequency at which the 
device gain changes from the low frequency gain by a 
specified amount. 

Power Bandwidth, PBW: Maximum frequency for which 
the output swing is a large signal sinewave without 
noticeable distortion. 

Slew Rate, SR: The internally limited rate of change in 
output voltage with a large amplitude step function ap- 
plied at the input. 

Settling Time, t s : The time between the initiation of an in- 
put step function and the time when the output voltage 
has settled to within a specified error band of the final 
output voltage. 

Gain Switching Time: The time between the initiation of a 
gain logic change and the time when the final gain 
switches are closed. It includes overdrive recovery time, 
but not settling to final value. 

Equivalent Input Noise Voltage, E N : The rms or peak 
noise voltage referred to the input (RTI) over a specified 
frequency band. 

Equivalent Input Noise Current, 1 N : The rms or peak noise 
current referred to the input (RTI) over a specified fre- 
quency band. , 
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Device 

Temperature 

Range* 

DTL/TTL 

Supply 

Voltage 

Typ 

(V) 

Input Bias 
Current 
(25°C) 

Max 

Input Offset 

Current 

(25°C> 

Max 

Input Offset 
Voltage 
(25°CJ 

Max 

Response 

Typ 

(ns) 

Voltage 

Typ 

Package Type 

Comments 




(pA) 

(pA) 

(mV) 




LM106 

Military 

10 

V + = 12 

20 

3 

2 

40 max 

40k 

TO-5 


LM20S 

Industrial 

10 

V~=~3 

20 

3 

2 

40 max 

40k 

TO-5 

Single comparator with strobe, high speed 
and sensitivity, large fanout 

LM306 

Commercial 

10 

To -12 

25 

5 

5 

40 max 

40k 

TO-5 


LF111 

Military 

2 

36 

0.05 

0.000025 

4 

200 

. 200k 

TO 5 


LF21 1 

Industrial 

2 

36 

0 05 

0 000025 

4 

200 

200k 

TO-5 

FET front-end inputs 

LF311 

Commercial 

2 

36 

0.15 

0.000075 

10 

200 

200k 

TO-5 


LM111 

Military 

5 

±15 

0.1 

0.04 

0.7 

200 

200k 

TO-5 DIP 


LH21 1 1 Dual (Note 1) 

Military 

5 

±15 

0.1 

0.04 

0.7 

200 

200k 

TO-5 DIP FP. 


LM211 

Industrial 

5 

To 5 

0.1 

0.04 

0.7 

200 

200k 

To-5 DIP 

Single, with strobe, will work from single 

LH221 1 Dual (Notel) 

Industrial 

5 

To 5 

0 1 

0.04 

0.7 

200 

200k 

TO-5 DIP F.P. 

supply, low bias current 

LM311 

Commercial 

5 

And GND 

0.25 

0 06 

2 

200 

200k 

TO-5 DIP 


LH231 1 Dual {Note 1) 

Commercial 

5 

And GND 

0.25 

0 06 

2 

200 

200k 

TO 5 DIP F.P. 


LM119 

Military 

2 (Each Side) 

±15 

0.5 

0.075 

4 

80 

40k 

TO-5 DIP 


LM219 

Industrial 

2 (Each Side) 

To 5 

0.5 

0.075 

4 

80 

40k 

TO-5 DIP 

High speed dual comparator 

LM319 

Commercial 

2 (Each Side) 

And GND 

1 

0.2 

8 

80 

40k 

TO-5 DIP 


LM139 Quad 

Military 

1 

±1 

0 1 

0.025 

5 

1.3ps 

200k 

DIP 

Qjad comparator designed for single 

LM239 Quad 

Industrial 

1 

To ± 1 S 

0.25 

0.050 

5 

1.3ps 

200k 

200k 

DIP 

supply operation, input common mode 
range includes ground 

LM339 Quad 

Commercial 

1 

Or From 

0 25 

0 050 

5 

1.3ps 

DIP 

LM139A Quad 

Military 

1 

2 

0.1 

0.025 

2 

1.3ps 

200k 

200k 

DIP 


LM239A Quad 

Industrial 

1 

To 36 

0.25 

0.050 

2 

1.3ps 

DIP 

with DTL/TTL logic levels 

LM339A Quad 

Commercial 

1 

And GND 

0.25 

0.050 

2 

1.3ps 

200k 

DIP 


LM160 

Military 

2 

±4.5 

10 

2 

2 

16 

16 

3k 

TO 5 DIP 

TO-5 DiP 

Very high speed, outputs compatible 

LM260 

Industrial 

2 

To 

10 

2 

2 

3k 

with DTL/TTL logic levels 

LM360 

Commercial 

2 

±6.5 

15 

4 

4 

16 

3k 

TO-5 DIP 


LM161 (LM529) 

Military 

2 

±5 

10 

2 

2 

12 

3k 

TO-5 DIP 

TO-5 DIP 

Very high speed, with individual strobes, 

LM261 

Industrial 

2 

To ±15 

10 

2 

2 

12 

3k 

DTL/TTL compatible 

LM361 (LM529C) 

Commercial 

’ 2 

And 5 

15 

4 

4 

12 

3k 

TO-5 DIP 


LM193 

Military 

1 

±1 

0.1 

0 025 

5 

Ups 

200k 

TO-5 

Dual comparator designed for single supply 

LM293 

Industrial 

1 

To ±18 

0.25 

0.050 

5 

1 3ps 

200k 

TO-5 

operation: input common-mode range 

LM393 

Commercial 

1 

Or From 

0.25 

0 050 

5 

1 3ps 

200k 

TO 5, DIP 

includes ground 

LM193A 

Military 

1 

2 

0.1 

0.025 

2 

I 3p$ 

200k 

TO-5 


LM293A 

Industrial 

1 

To 36 

0.25 

0.050 

2 

Ups 

200k 

TO-5 

Low offset voltage dual comparator with 

DTL/TTL logic levels 

LM393A 

Commercial 

1 

And Gnd 

0.25 

0.050 

2 

Ups 

200k 

TO-5. DIP 


LM710 

Military 

1 

V + = 12 

20 

3 

2 

40 

1750 

TO-5 

Single, differential in, single output 

LM710C 

Commercial 

1 

V~ = -6 

25 

5 

5 

40 

1500 

TO 5 DIP 


LM711 Dual 

Military 

1 

V + = 12 

75 

10 

3.5 

,40 

1500 

TO-5 

Dual differential, common output. 

LM71 1C Dual 

Commercial 

1 

V~ = -6 

100 

15 

5 

40 

1500 

TO-5 DIP 

individual strobes 

LM1514 Dual 

Military 

1 

V + = 14 

20 

3 

3 

30 

1250 

DIP 

Dual LM710 with separate strobes. 

LM1414 Dual 

Commercial 

1 

\r = - 7 

25 

5 

4 

30 

1000 

DIP 

individual outputs 

LM2901 Quad 

Industrial 

1 

±1 (2V) to 

0.25 

0.05 

7 

1.3 

200k 

DIP 

Quad comparator designed for single supply 




±18 (36) 







operation; input common-mode range includes 
ground 

LM2903 

Automotive 

1 

±1 (2V) to 
±18 (361 

0.25 

0.050 

7 

1.3ps 

200k 

DIP 

Dual comparator designed for single supply 
operation; input common-mode range 
includes ground 

Note 1 : Dual version of device. 

^Response time is specified for 100 mV step input with 5 mV overdrive. 





•Military: -55°C to +125°C; Industrial: — 25°C to +85°C; Commercial: 0°C to +70°C; Automotive 

—40° C to +85° C 
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Voltage Comparators 


Definition of Terms 

Input Bias Current: The average of the two input 
currents. 

Input Offset Current: The absolute value of the differ- 
ence between the two input currents for which the 
output will be driven higher than or lower than specified 
voltages. 

Input Offset Voltage: The absolute value of the voltage 
between the input terminals required to make the output 
voltage greater than or less than specified voltages. 

Input Voltage Range: The range of voltage on the 
input terminals (common-mode) over which the offset 
specifications apply. 

Logic Threshold Voltage: The voltage at the output 
of the comparator at which the loading logic jcircuitry 
changes its digital state. 

Negative Output Level: The negative dc output voltage 
with the comparator saturated by a differential input 
equal to or greater than a specified voltage. 

Output Leakage Current: The current into the output 
terminal with the output voltage within a given range 
and the input drive equal to or greater than a given value. 

Output Resistance: The resistance seen looking into the 
output terminal with the dc output level at the logic 
threshold voltage. 

Output Sink Current:. The maximum negative current 
that can be delivered by the comparator. 

Positive Output Level: The high output voltage level 
with a given load and the input drive equal to or greater 
than a specified value. 

Power Consumption: The power required to operate 
the comparator with no output load. The power will 
vary with signal level, but is specified as a maximum 
for the entire range of input signal conditions. 


Response Time: The interval between the application of 
an input step function and the time when the output 
crosses the logic threshold voltage. The input step drives 
the comparator from some initial, saturated input 
voltage to an input level just barely in excess of that 
required to bring the output from saturation to the 
logic threshold voltage. This excess is referred to as the 
voltage overdrive. 

Saturation Voltage: The low-output voltage level with 
the input drive equal to or greater than a specified value. 

Strobe Current: The current out of the strobe terminal 
when it is at the zero logic level. 

Strobed Output Level: The dc output voltage, inde- 
pendent of input conditions, with the voltage on the 
strobe terminal equal to or less than the specified 
low state. 

Strobe "ON" Voltage: The maximum voltage on either 
strobe terminal required to force the output to the 
specified high state independent of the input voltage. 

Strobe "OFF" Voltage: The minimum voltage on the 
strobe terminal that will guarantee that it does not 
interfere with the operation of the comparator. 

Strobe Release Time: The time required for the output 
to rise to the logic threshold voltage after the strobe 
terminal has been driven from zero to the one logic 
level. 

Supply Current: The current required from the positive 
or negative supply to operate the comparator with no 
output load. The power will vary with input voltage, but 
is specified as a maximum for the entire range of input 
voltage conditions. 

Voltage Gain: The ratio of the change in output voltage 
to the change in voltage between the input terminals 
producing it. 
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LF111/LF211/LF311 Voltage Comparators 

General Description 


The LF111, LF211 and LF311 are FET input voltage 
comparators that virtually eliminate input current errors. 
Designed to operate over a 5.0V to ±15V range the 
LF111 can be used in the most critical applications. 

The extremely low input currents of the LF 111 allows 
the use of a simple comparator in applications usually 
requiring input current buffering. Leakage testing, long 
time d^lay circuits, charge measurements, and high 
source impedance voltage comparisons are easily done. 


Further, the LF111 can be used in place of the LM111 
eliminating errors due to input currents. See the ''appli- 
cation hints" of the LM31 1 for application help. 


Advantages 


Eliminates input current errors 
Interchangeable with LM111 
No need for input current buffering 


Connection Diagram 


Metal Can Package 



Order Number LF111H, LF211H , 
or LF311H 
See NS Package H08C 


Schematic Diagram and Auxiliary Circuits 




Offset Balancing 



‘Increases typical common m 
slew from 7 0 V/#a to 18 Vln 

Increasing Input 
Stage Current* 
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LF111/LF211/LF311 




LF111/LF211/LF311 


Absolute Maximum Ratings 


LF1 11/LF211 


LF311 


Total Supply Voltage (V 84 ) 36V 

Output to Negative Supply Voltage (V 74 ) 50V 

Ground to Negative Supply Voltage (V 14 ) 30V 

Differential Input Voltage ±30V 

Input Voltage (Note 1 ) ±15V 

Power Dissipation (Note 2) 500 mW 

Output Short Circuit Duration 10 seconds 

Operating Temperature Range 

LF111 -55°C to +125°C 

LF211 — 25°C to +85° C 

LF311 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics (lfiii/lf 2 id (Note 3) 


36V 
40V 
30V 
±30V 
±15V 
500 mW 
10 seconds 


0 C to +70 C 
-65°Cto+15b°C 
300° C 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 


Input Offset Voltage (Note 4) 

. T a = 25°C, R s 


0.7 

4.0 

mV 

Input Offset Current (Note 4) 

T a = 25°C, V CM = 0 (Note 6) 


5.0 

25 

PA 

Input Bias Current 

T a = 25° C, V CM = 0 (Note 6) 


20 

50 

pA 

Voltage Gain 

T a = 25° C 

40 

200 


V/mV 

Response Time (Note 5) 

T a = 25° C 


200 


ns 

Saturation Voltage 

V, N < -5.0 mV, l OUT = 50 mA, T A = 25°C 


0.75 

1.5 

. V 

Strobe On Current 

T a = 25° C 


3.0 


mA 

Output Leakage Current 

V IN >5.0 mV, Vqut = 35V, T A = 25°C 


0.2 

10 

nA 

Input Offset Voltage (Note 4) 




6.0 

mV 

Input Offset Current (Note 4) 

V s = ±15V, V CM = 0 (Note 6) . 


2.0 

3.0 

nA 

Input Bias Current 

V s = ±15V, V CM =0 (Note 6) 


5.0 

7.0 

nA 

Input Voltage Range 


-13.5 

±14 

13.0 

V 

Saturation Voltage 

V + > 4.5V, V~~ = 0 * 

Vjjvj ^ 6.0 mV/lgiNK ^ 8.0 mA 


0.23 

0.4 

V 

Output Leakage Current 

V| N >5.0mV, V OU t = 35V 


0.1 

0.5 

ma 

Positive Supply Current 

T a = 25° C 


5.1 

6.0 

mA 

Negative Supply Current 

T a = 25° C 


4.1 

5.0 

mA 


Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit 
is equal to the negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LF111 is +150°C, the LF211 is +1 1 0°C and the LF311 is+85°C. For operating at elevated 
temperatures, devices in the TO-5 package must be derated based on a thermal resistance of +1 50° C/W, junction to ambient, or +45°C/W, junction 
to case. 

Note 3: These specifications apply for Vs = ±15V, and the Ground pin at ground, and -55°C < T/\ < +125°Cforthe LF 111, unless otherwise 
stated. With the LF211, however, all temperature specifications are limited to -25°C < T/\ < +85°C and for the LF31 1 0°C < T/\ < +70°CMThe 
offset voltage, offset current and bias current specifications apply for any supply voltage from a single 5.0V supply up to ± 15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 
1.0 mA load. Thus, these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

Note 5: The response time specified (see definitions) is for a 100 mV input step with 5.0 mV overdrive. 

Note 6: For input voltages greater than 15V above the negative supply the bias and offset currents will increase— see typical performance curves. 
Note 7: Do not short the strobe pin to ground; it should be current driven at 3 to 5 mA. 
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Electrical Characteristics <lf3id (Note 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage (Note 4) 

T A =25°C, R s <50k 


2.0 

10 

mV 

Input Offset Current (Note 4) 

T a = 25°C, V CM =0 (Note 6) 


5.0 

75 

pA 

Input Bias Current 

T a = 25°C, V CM = 0 (Note 6) 


25 

150 

pA 

Voltage Gain 

T a = 25°C 


200 


V/mV 

Response Time (Note 5) 

T a = 25° C 


200 


ns 

Saturation Voltage 

V.n <~10 mV, Iqut = 50 mA, T a = 25°C 


0.75 

1.5 

V 

Strobe On Current 

T A = 25°C 


3.0 


mA 

Output Leakage Current 

V in > 10 mV, V OUT = 35V, T a = 25°C 


0.2 

10 

' nA 

Input Offset Voltage (Note 4) 

R s < 50k | 



15 

mV 

Input Offset Current (Note 4) 

V S = ±15V, V CM =0 (Note 6) 


1.0 


nA 

Input Bias Current 

V s = ±15V, V CM =0 (Note 6) j 


3.0 


nA 

Input Voltage Range 



+ 14 


V 




-13.5 


V 

Saturation Voltage 

' V + > 4.5V, V~ = 0 






V|j\j ^ 1 0 mV, Is|[\jk < 8.0 mA 


0.23 

0.4 

V 

Positive Supply Current 

T a - 25° C 


5.1 

7.5 

mA 

Negative Supply Current 

T a = 25° C 


4.1 

5.0 

mA 


Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit 
is equal to the negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LF111 is +150° C, the LF211 is +110°C and the LF311 is+85°C. For operating at elevated 
temperatures, devices in the TO-5 package must be derated based on a thermal resistance of +150° C/W, junction to ambient, or +45°C/W, junction 
to case. 

Note 3: These specifications apply for Vg = ± 15V and -55 C < T a < + 1 25 C for the LF1 1 1 , unless otherwise stated. With the LF21 1 , however, 
all temperature specifications are limited to -25 U C < T a < +85'C and for the LF31 1 O 'C < T A < +70’C. The offset voltage, offset current and bias 
current specifications apply for any supply voltage from a single 5.0 mV supply up to ±15V supplies. 

Note 4: The offset voltages and offset currents gjven are the maximum values required to drive the output within a volt of either supply with a 

1.0 mA load. Thus, these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

Note 5: The response time specified (see definitions) is for a 100 mV input step with 5.0 mV overdrive. 

Note 6: For input voltages greater than 15V above the negative supply the bias and offset currents will increase— see typical performance curves. 

Note 7: Do not short the strobe pin to ground; it should be current driven at 3 to 5 mA. 


Typical Applications 




100 kHz Free Running Multivibrator 


Crystal Oscillator 
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SHORT CIRCUIT CURRENT (mA) INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) INPUT BIAS CURRENT (pA) 








Typical Applications (Continued) 


T JSM 


^Minimum capacitance 20 pF. 
Maximum frequency SO kHz. 


10 Hz to 10 kHz Voltage Controlled Oscillator 



Frequency range: 

Input - 5.0 kHz to 50 kHz 
Output - 10 kHz to 100 kHz 


Frequency Doubler 



Zero Crossing Detector Driving MOS Switch 


'Input polarity is reversed when 
using pin 1 as output. 



Driving Ground-Referred Load 


Zero Crossing Detector 
Driving MOS Logic 



Comparator and Solenoid Driver 


LF111/LF211/LF311 










National 
Semiconductor 

LH21 1 1/LH221 1/LH231 1 Dual 

General Description 


The LH21 1 1 series of dual voltage comparators are 
two LM111 type comparators in a single hermetic 
package. Featuring all the same performance char- 
acteristics of the single, these duals offer in addi- 
tion closer thermal tracking, lower weight, reduced 
insertion cost and smaller size than two singles. 
For additional information see the LM111 data 
sheet and National's Linear Application Handbook. 


Voltage Comparators 


Voltage Comparator 

fied for operation over the 0°C to 70°C tempera- 
ture range. 

Features 

■ Wide operating supply range ±15V to a 

single +5V 

■ Low input currents 6 nA 


The LH2111 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LH2211 is specified for operation over the -25°C 
to +85°C temperature range. The LH231 1 is speci- 


■ High sensitivity 

■ Wide differential input range 

■ High output drive 


10/LtV 
±30V 
50 mA, 50V 


Connection Diagram 


Auxiliary Circuits 


Order Number LH2111Dor 
LH2211D or LH2311D 
See Package D16C 
LH2111F or LH2211F or LH2311F, 
See Package F16B 
LH2111J or LH2211J or LH2311J, 
See Package J16A 



Offset Balancing 



Strobing 





Increasing Input Stage Current* Driving Ground-Referred Load 


Using Clamp Diodes to Improve Responses 


FROM 0/A NETWORK 




Comparator and Solenoid Driver Strobing off Both Input* TTL Interface with High Level Logic 

and Output Stages 
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LH21 1 1/LH221 1/LH231 1 




LH21 1 1/LH221 1/LH231 1 


PARAMETER 

CONDITIONS 


LIMITS 


UNITS 

LH2111 

LH2211 

LH2311 

Input Offset Voltage (Note 4) 

T A = 25°C, R s <[ 50k 

3.0 

3.0 

7.5 

mV Max 

Input Offset Current (Note 4) 

T a = 25°C 

10 

10 

50 

nA Max 

Input Bias Current 

T a = 25° C 

100 

100 

250 

nA Max 

Voltage Gain 

T a = 25°C 

200 

200 . 

200 

V/ mV Typ 

Response Time (Note 5) 

T a = 25°C 

200 

200 

200 

ns Typ 

Saturation Voltage 

V, N <x -5 mV, l OUT = 50 mA 

T a = 25° C 

1.5 

1.5 

1.5 

V Max 

Strobe On Current 

T A =25°C 

3.0 

3.0 

3.0 

mA Typ 

Output Leakage Current 

V, N > 5 mV, V OU T = 35V 
T a =25°C 

10 

10 

50 

nA Max 

Input Offset Voltage (Note 4) 

Rs <. 50k 

4.0 

4.0 

10 

mV Max 

Input Offset Current (Note 4) 


20 

20 

! 70 

nA Max 

Input Bias Current 


150 

150 

300 

nA Max 

Input Voltage Range 


±14 

±14 

±14 

V Typ 

Saturation Voltage 

V + > 4.5V, V - = 0 

V in ^ -5 mV, I S1NK ^ 8 mA 

0.4 

0.4 

0.4 

V Max 

Positive Supply Current 

T a = 25° C 

6.0 

6.0 

7.5 

mA Max 

Negative Supply Current 

T a = 25°C 

5.0 

5.0 

5.0 

mA Max 


Absolute Maximum Ratings 


Total Supply Voltage (V + - V") 

36V 

Output Short Circuit Duration 

10 sec 

Output to Negative Supply Voltage (V OUT - V“) 

50V 

Operating Temperature Range LH21 1 1 

-55°C to 125°C 

Ground to Negative Supply Voltage (GND - V") 

30V 

LH2211 

-25°C to 85°C 

Differential Input Voltage 

±30V 

LH2311 

0°C to 70°C 

Input Voltage (Note 1) 

±15V 

Storage Temperature Range 

-65°C to 150°C 

Power Dissipation (Note 2) 

500 mW 

Lead Temperature (Solderihg, 10 sec) 

300°C 


Electrical Characteristics 


Each Side (Note 3) 


Note 1: This rating applies for*±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative 
input voltage limit is equal to the negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature is 150°C. For operating at elevated temperatures, devices in the flat package, the 
derating is based on a thermal resistance of 185°C/W when mounted on a 1/16-inch-thick epoxy glass board with 0.03-inch- 
wide, 2 ounce copper conductor. The thermal resistance of the dual-in-line package is 100° C/W, junction to ambient. 

Note 3: These specifications apply for Vg = ±15V and -55° C < T/\ <L 125°C for the LH21 11, -25°C < Ta < 85°C for the 
LH221 1 , and 0°C < Ta <1 70°C for the LH2311. unless otherwise stated. The offset voltage, offset current and bias current 
specifications apply for any supply, voltage from a single 5V supply up to ±15V supplies. For the LH2311, V|fsj=±10mV. 
Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of 
either supply with a 1 mA load. Thus, these parameters define an error band and take into account the worst case effects of 
voltage gain and input impedance. 

Note 5: The response time specified is for a 100 mV input step with 5 mV overdrive. 
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5 


National 
Semiconductor 

LM106/LM206/LM306 Voltage Comparator 


Voltage Comparators 


General Description 

The LM106 series are high-speed voltage com- 
parators designed to accurately detect low-level 
analog signals and drive a digital load. They are 
equivalent to an LM710, combined with a two 
input NAND gate and an output buffer. The 
circuits can drive RTL, DTL or TTL integrated 
circuits directly. Furthermore, their outputs can 
switch voltages up to 24V at currents as high as 
100 mA. 

Features 

n Improved accuracy 

■ Fan-out of 10 with DTL or TTL 

■ Added logic or strobe capability 

■ Useful as a relay or lamp driver 

■ Plug-in replacement for the LM710 

■ 40 ns maximum response time 


The devices have short-circuit protection which 
limits the inrush current when it is used to drive 
incandescent lamps, in addition to preventing 
damage from accidental shorts to the positive 
supply. The speed is equivalent to that of an 
LM710. However, they. are even faster where buf- 
fers and additional logic circuitry can be eliminated 
by the increased flexibility of the LM106 series. 
They can also be operated from any negative 
supply voltage between -3V and -12V with little 
effect on performance. 

The LM106 is specified for operation over the 
— 55°C to +125°C military temperature range. The 
LM206 is specified for operation over the -25°C 
to +85°C temperature range. The LM306 is speci- 
fied for operation over 0°C to +70° C temperature 
range. 


Schematic and Connection Diagrams * * 



Metal Can 

TOP VIEW 


v + 



Note: Pm 4 connected to case. 

Order Number LM106H, LM206H or LM306H 
See NS Package H08C 




5-13 


LM106/LM206/LM306 




LM106/LM206/LM306 


Absolute Maximum Ratings 

Positive Supply Voltage 15V 

Negative Supply Voltage -15V 

Output Voltage 24V 

Output to Negative Supply Voltage 30V 

Differential Input Voltage ±5V 

Input Voltage ±7V 

Electrical Characteristics (Note 21 

Power Dissipation (Note 1) 

Output Short Circuit Duration 

Operating Temperature Range 

LM106 

LM206 

LM306 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

600 mW 

10 seconds 

T MIN t MAX 

-55°C to +125°C 
-25°C to +85° C 

0°C to +70°C 
-65°C to +150°C 
300° C 

PARAMETER 

CONDITIONS 

LM106/LM206 

LM306 

UNITS 

MIN TYP 

MAX 

MIN TYP 

MAX 

Input Offset Voltage 

(Note 3) 

0.5 

2.0 

1.6 

5.0 

mV 

Input Offset Current 

(Note 3) 

0.7 

3.0 

1.8 

5.0 

aa 

Input Bias Current 


10 

20 

16 

25 

aa 

Response Time 

R L = 3900 to 5V 

28 

40 

28 

40 

ns 


CL = 15 pF, (Note 4) 






Saturation Voltage 

V|N <~5 mV, loUT = 100 mA 

1.0 

1.5 



V 


,V||\j <~7 mV, lOUT = 100 mA 



0.8 

2.0 

V 

Output Leakage Current 

V||\| > 5 mV, 8V < VquT < 24V 

0.02 

1.0 



aa 


V| N > 7 mV, 8V < V 0 UT < 24V 



0.02 

2.0 

aa 

The following specifications apply for T|\/|IN < T A < T|y| A x (Note 5) 

Input Offset Voltage 

(Note 3) 


3.0 


6.5 

mV 

Average Temperature Coefficient of 


3.0 

10 

5 

20 

AV/°C 

Input Offset Voltage 







Input Offset Current 

Tl < Ta < 25°C, (Note 3) 

1.8 

7.0 

2.4 

7.5 

aa 


25°C<T A <TH 

0.25 

3.0 


5.0 

aa 

Average Temperature Coefficient of 

25°C<T A <T H 

5.0 

25 . 

15 

50 

nA/°C 

Input Offset Current 

Tl < T A < 25°C 

15 

75 

24 

100 

nA/°C 

Input Bias Current 

Tl < T A < 25° C 


45 

25 

40 

aa 


25°C<T A <T H 


20 


25 

aA 

Input Voltage Range 

— 7V > V - > -12V 

±5.0 


±5.0 


V 

Differential Input Voltage Range 


±5.0 


±5.0 


V 

Saturation Voltage 

V|N S~5 mV, loUT = 50 mA 


1.0 


,0 

V 


V|N <~8 mV For LM306 






Saturation Voltage 

V|N < - 5 mV. loUT = 15 mA 


0.4 


0.4 

V 


V|n <~8 mV For LM306 






Positive Output Level 

V|N > 5 mV, loUT = ~400^A 

2.5 

5.5 

2.5 

5.5 

V 


V|N>8 mV For LM306 

} 





Output Leakage Current 

V|N > 5 mV, 8V < Vqjjt < 24V 


1.0 


2.0 

aA 


V| N >8 mV For LM306 







Tl<T A <25°C 







25°C<T A <T H 


100 


100 

aa 

Strobe Current 

VSTROBE = 0.4V 

-1.7 

-3.2 

-1.7 

-3.2 

mA 

Strobe "ON" Voltage 


0.9 1 .4 


0.9 1.4 


V 

Strobe "OFF" Voltage 

'SINK < 16 mA 

1.4 

2.2 

1.4 

2.2 

V 

Positive Supply Current 

V|N = -5 mV 

5.5 

10 

5.5 

10 

mA 


V| N = -8 mV For LM306 






Negative Supply Current 


-1.5 

-3.6 

-1.5 

-3.6 

mA 

Note 1: The maximum junction temperature of LM106 is 150° C, LM206 is 110°C, LM306 is 85°C. For operating at elevated temperatures, 

devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. 

Note 2: These specifications apply for -3V > V — > —12V, V + = 12V and T A = 25°C unless otherwise specified. All currents into device pins are 

considered positive. 







Note 3: The offset voltages and offset currents given are the maximum values required to drive the output down to 0.5V or up to 4.4V (0.5V or 

up to 4.8V for the LM306). Thus, 

these parameters actually def ine an error band and take into account the worst-case effects of voltage gain, 

specified supply voltage variations, and common mode voltage variations. 






Note 4: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 




Note 5: All currents into device pins are considered positive. 
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POSITIVE SUPPLY CURRENT (mA) INPUT CURRENT ( M A) SATURATION VOLTAGE (V) OUTPUT VOLTAGE (V) 



LM106/LM206/LM306 







LM111/LM211 


yWA National v< 

SLA Semiconductor 

LM111/LM211 Voltage Comparator f 

General Description 


Voltage Comparators 


The LM111 and LM211 are voltage comparators 
that have input currents nearly a thousand times 
lower than devices like the LM106 or LM710. 
They are also designed to operate over a wider 
range of supply voltages: from standard ±15V op 
amp supplies down to the single 5 V supply used 
for 1C logic. Their output is compatible with RTL, 
DTL and TTL as well as MOS circuits. Further, 
they can drive lamps or relays, switching voltages 
up to 50V at currents as high as 50 mA. Out- 
standing characteristics include: 

■ Operates from single 5V 'supply 

■ Input current: 150 nA max. over temperature 

■ Offset current: 20 nA max. over temperature 
*See application hints LM31 1 


Auxiliary Circuits" 


■ Differential input voltage range: ±30V 

■ Power consumption: 135mWat±15V 

Both the inputs and the outputs of the LM111 or 
the LM211 can be isolated from system ground, 
and the output can drive loads referred to ground, 
the positive supply or the negative supply. Offset 
balancing and strobe capability are provided and 
outputs can be wire OR'ed. Although slower than 
the LM106 and LM710 (200 ns response time vs 
40 ns) the devices are also much less prone to 
spurious oscillations. The LM111 has the same pin 
configuration as the LM106 and LM710. 

The LM211 is identical to the LM1 1 1 , except that 
its performance is specified over a -25°C to 85°C 
temperature range instead of -55°C to 125°C. 


Note: Pin connections shown on schematic diagram 
and typical applications are for TO-5 package. 



T 6 Note. Do Not Ground 
Strobe Pin. 1 


Offset Balancing 

Typical Applications 




Increases typical common 
mode slew from 7.0 V/ms 
to 18 V/ms. 


Increasing Input Stage Current* 




Detector for Magnetic Transducer 


Digital Transmission Isolator 


fJL 

, 1 / of relay and protects 1C from 

D1 * tevere voltage transients on 

J V++ lin *' 

°T 

SAMPLE 

— J— Cl 

— | — D.ImF 

Q2 

2N2222 

Rif 

Note. Do Not Ground Strobe Pin. 

‘Typical input current is 


> 



50 pA with inputs strobed off. 


j 

1 X TTL 

Note. Do Not Ground Strobe Pin. 


— 


Relay Driver with Strobe* 


Strobing off Both Input* 
and Output Stages 





Absolute Maximum Ratings 

Total Supply Voltage (V 84 ) 

Output to Negative Supply Voltage (V 74 ) 
Ground to Negative Supply Voltage (V 14 ) 
Differential Input Voltage 
Input Voltage (Note 1) 

Power Dissipation (Note 2) 

Output Short Circuit Duration 
Operating T emperature Range LM 1 1 1 
LM211 

Storage Temperature Range 

Lead Temperature (soldering, 10 sec) 

Voltage at Strobe Pin 


36V 
50V 
30V 
±30V 
±15V 
500 mW 
10 sec 
-55°C to 125°C 
-25°C to 85°C 
-65°C to 150°C 
300°C 
V+-5V 


Electrical Characteristics (Note 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage (Note 4) 

T a = 25°C, R s < 50k 


0.7 

3.0 

mV 

Input Offset Current (Note 4) 

T a = 25°C 


4.0 

10 

nA 

Input Bias Current 

T a = 25°C 


60 

100 

nA 

Voltage Gain 

T a = 25°C 

40 

200 


V/mV 

Response Time (Note 5) 

T a = 25°C 


200 


ns 

Saturation Voltage 

Vjjsj — 5 mV, 1 out = 50 mA 

T a = 25° C 


0.75 

1.5 

V 

Strobe ON Current (Note 6) 

T a = 25°C 


3.0 


mA 

Output Leakage Current 

V )N >5mV, V OUT = 35V 

T a = 25 C, Istrobe = 3 mA 


0.2 

10 

nA 

Input Offset Voltage (Note 4) 

R s < 50k 



4.0 

mV 

Input Offset Current (Note 4) 

/ 



20 

nA 

Input Bias Current 




150 

nA 

Input Voltage Range 

V + = 15V, V — = —15V, Pin 7 
Pull-Up May Go To 5V 

-14.5 

13.8,-14.7 

13.0 

V 

Saturation Voltage 

V + > 4.5V, V“ = 0 

V in < -6 mV, l SINK <8 mA 


0.23 

0.4 

V 

Output Leakage Current 

V, N >5mV, V OU t = 35V 


0.1 

0.5 

JuA 

Positive Supply Current 

T a = 25° C 


5.1 

6.0 

mA 

Negative Supply Current 

T a = 25°C 


4.1 

5.0 

mA 


Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative 
input voltage limit is equal to the negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LM111 is 150°C, while that of the LM211 is 110°C. For operating at ele- 
vated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, 
or 45°C/W, junction to case. The thermal resistance of the dual-in-line package is 1 00°C/W, junction to ambient. 

Note 3: These specifications apply for Vs = ±15V and Ground pin at ground, and -55°C < T/\ < +125°C, unless otherwise 
stated. With the LM211, however, all temperature specifications are limited to -25°C < T/\ < +85°C. The offset voltage, offset 
current and bias current specifications apply for any supply voltage from a single 5V supply up to ±15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either 
supply with a 1 mA load. Thus, these parameters define an error band and take into account the worst-case effects of voltage gain 
and input impedance. 

Note 5: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 

Note 6: Do not short the strobe pin to ground; it should be current driven at 3 to 5 mA. 


\ 



5-17 


LM111/LM211 




INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) INPUT BIAS CURRENT (nA) INPUT BIAS CURRENT (nA) 
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POWER DISSIPATION (W) 






Typical Performance Characteristics (Continued) 


Supply Current 



0 5 10 15 20 25 30 


Supply Current 



-55 -35 -15 5 25 45 65 85 105 125 


Leakage Currents 



SUPPLY VOLTAGE (V) 


TEMPERATURE l°C) 


TEMPERATURE l°C) 


Typical Applications (Continued) 



Zero Crossing Detector Driving MOS Switch 




‘Input polarity is 
reversed when using 
pin 1 as output. 



Driving Ground-Referred Load 



-®— ANALOG INFUT 


Using Clamp Diodes to Improve Response 





PIWMIllfiilmsBsiBiwiaiB 
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LM111/LM211 
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Schematic Diagram 


BALANCE/STROBE BALANCE 

|5 



Connection Diagrams ' 


Metal Can Package 


Dual-ln-Line Package 


14-Pin Dual-ln-Line Package 



Order Number LM111H or LM211H 
See NS Package H08C 



8 V + 

7 OUTPUT 

6 BALANCE/ 
STROBE 

5 BALANCE 


NOTE: Pin 4 connected to case. 
TOP VIEW 


Order Number LM111J-8 
See NS Package J08A 


NC 

GNO 

INPUT 

INPUT 

NC 

V" 

BALANCE 



NC 

NC 

NC 

V + 

NC 

OUTPUT 

BALANCE/ 

STROBE 


Note: Pin 6 connected to bottom of package. 
TOP VIEW 


Order Number LMIIIJor LM211J 
See NS Package J14A 


*Pm connections shown are for metal can. 
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LM111/LM211 





LM1 19/LM219/LM319 


5 


Voltage Comparators 


National 
Semiconductor 

LM119/LM219/LM319 High Speed Dual Comparator 


General Description 

The LM119 series are precision high speed dual 
comparators fabricated on a single monolithic 
chip. They are designed to operate over a wide 
range of supply voltages down to a single 5V logic 
supply and ground. Further, they have higher 
I gain and lower input currents than devices like 
the LM710. The uncommitted collector of the 
output stage makes the LM119 compatible with 
RTL, DTL and TTL as well as capable of driving 
lamps and relays at currents up to 25 mA. Out- 
standing features include: 

Features 

■ Two independent comparators 

■ Operates from a single 5V supply 

■ Typically 80 ns response time at ±15V 

■ Minimum fan-out of 2 each side 


■ Maximum input current of 1 n A over tempera- 
ture 

■ Inputs and outputs can be isolated from system 
ground 

■ High common mode slew rate 

Although designed primarily for applications re- 
quiring operation from digital logic supplies, the 
LM1 19 series are fully specified for power supplies 
up to ±15V. It features faster response than the 
LM1 1 1 at the expense of higher power dissipation. 
However, the high speed, wide operating voltage 
range and low package count make the LM119 
much more versatile than older devices like the 
LM711. 

The LM119 is specified from ~55°C to +125°C, 
the LM219 is specified from -25° C to +85° C, and 
the LM319 is specified from 0°C to +70° C. 


Schematic and Connection Diagrams 



Dual- In-Line-Package 



Order Number LM319N 
See NS Package N14A 

Order Number LM119J, LM219J 
or LM319J 
See NS Package J14A 



Metal Can Package 



Order Number LM119H, LM219H 
or LM319H 
See NS Package H10C 
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Absolute Maximum Ratings LM119/LM219 

500 mW 
10 sec 
-55°C to 125°C 
-25°C to 85°C 
-65°C to 150°C 
300°C 


Electrical Characteristics (Note 3) 


Total Supply Voltage 

36V 

Power Dissipation (Note 2) 

Output to Negative Supply Voltage 

36 V 

Output Short Circuit Duration 

Ground to Negative Supply Voltage 

25V 

Operating Temperature Range LM1 19 

Ground to Positive Supply Voltage 

18V 

LM219 

Differential Input Voltage 

±5V 

Storage Temperature Range 

Input Voltage (Note 1) 

±15V 

Lead Temperature (Soldering, 10 sec) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage (Note 4) 

T A = 25°C, R s ^5k 


0.7 

4.0 

mV 

Input Offset Current (Note 4) 

T a = 25°C 


30 

75 

nA 

Input Bias Current 

T a = 25°C 


150 

500 

nA 

Voltage Gain 

T a - 25°C 

10 

40 


V/mV 

Response Time (Note 5) 

T A = 25°C V S = ±15V 


80 


ns 

Saturation Voltage 

V|N ^ -5 mV, Iout = 25 mA 

T a = 25°C 


0.75 

1.5 

V 

Output Leakage Current 

V IN >5mV. V OUT = 35V 

T a = 25°C 


0.2 

2 

juA * 

Input Offset Voltage (Note 4) 

R s <;5k 



7 

mV 

Input Offset Current (Note 4) 




100 

nA 

Input Bias Current 




1000 

nA' 

Input Voltage Range 

V s = ±1 5V 

-12 

±13 

+12 

V 


V* = 5V. V~ = 0 

1 


3 

V 

Saturation Voltage 

V + > 4.5V, V' = 0 

V|n < -6 mV, Isink ^ 3.2 mA 

T a > 0°C 


0.23 

0.4 

V 


t a < o°c 



0.6 

V 

Output Leakage Current 

V| N > 5 mV, V OUT = 35V , 
V G ND=0V 


1 

10 

MA 

Differential Input Voltage 




±5 

V 

Positive Supply Current 

T a = 25°C, V* = 5V, V - 0 


4.3 


mA 

Positive Supply Current 

T a = 25°C V s - ±15V 


8 

11.5 

mA 

Negative Supply Current 

T a * 25°C V s = ±15V 


3 

4.5 

mA 


Note 1 : For supply voltages less than ±15V the absolute maximum input voltage is equal to the supply voltage. 

Note 2 : The maximum junction temperature of the LM119 is 150°C, while that of the LM219 is 110°C. For operating at 
elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to 
ambient, or 45°C/W, junction to case. The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 3: These specifications apply for V§ = ±1 5V, and the Ground pin at ground, and — 55°C < T/^ < +1 25°C, unless other- 
wise stated. With the LM219, however, all temperature specifications are limited to — 25° C < T/^ < +85°C. The offset voltage, 
offset current and bias current specifications apply for any supply voltage from a single 5V supply up to ±1 5V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of ei- 
ther supply with a 1 mA load. Thus, these parameters define an error band and take into account the worst case effects of 
voltage gain and input impedance. 

Note 5: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 
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LM119/LM219/LM319 




LM119/LM219/LM319 


v 


Absolute Maximum 

Ratings 

LM319 



Total Supply Voltage 


36 V 

Power Dissipation (Note 2) 

500 mW 

Output to Negative Supply Voltage 


36V 

Output Short Circuit Duration 

10 sec 

Ground to Negative Supply Voltage 


25V 

Operating Temperature Range LM319 

0"C to 70°C 

Ground to Positive Supply Voltage 


18V 

Storage Temperature Range 

-65 C to 150°C 

Differential Input Voltage 

Input Voltage (Note 1) 


±5V 

±15V 

Lead Temperature (Soldering, 10 sec) 

300°C 


Electrical Characteristics (Note 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage (Note 4) 

T a = 25°C, R s £ 5k 


2.0 

8.0 

mV 

Input Offset Current (Note 4) 

T a = 25°C 


80 

200 

nA 

Input Bias Current 

T a = 25°C 


250 

1000 

nA 

Voltage Gain 

T a = 25°C 

8 

40 


• V/mV 

Response Time (Note 5) 

T a = 25°C V S = ±15V 


80 


ns 

Saturation Voltage 

V IN ^ -10 mV. l OUT = 25 mA 





1 

T a = 25°C 


0.75 

1.5 . 

V 

Output Leakage Current 

V, N > 10 mV, Vqut = 35V, 






v“ = V GNO = OV, T a = 25° C 


0.2 

10 

/iA 

Input Offset Voltage (Note 4) 

R s ^5k 



10 

mV 

Input Offset Current (Note 4) 




300 

nA 

Input Bias Current 




1200 

nA 

Input Voltage Range 

V s = ±15V 


±13 


V 


V + = 5V, V = 0 

1 


3 

V 

Saturation Voltage 

V + > 4.5V, V~ = 0 


0.3 

0.4 

V 


V lN ^-10mV, I s ,nk^ 3.2 mA 





Differential Input Voltage 




±5 

V 

Positive Supply Current 

T a = 25°C, V + = 5V, V~ = 0 


4.3 ' 


mA 

Positive Supply Current - 

T a = 25°C V s = ±15V 


8 

12.5 

mA 

Negative Supply Current 

T a = 25°C V s = ±15V 


3 

5 

mA 


Note 1 : For supply voltages less than ±15V the absolute maximum input voltage is equal to the supply voltage. 

Note 2: The maximum junction temperature of the LM319 is 85°C. For operating at elevated temperatures, devices in the 
TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. 
The thermal resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 3: These specifications apply for Vg = ±15V and 0°C < T < 70°C, unless otherwise stated. The offset voltage, offset 
current and bias current specifications apply for any supply voltage from a single 5V supply up to ±15V supplies.. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of 
either supply with a 1 mA load. Thus, these parameters define an error band and take into account the worst case effects of 
voltage gain and input impedance. 

Note 5: The response time specified is for a 100 mV input step with 5 mV overdrive. 
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Typical Performance Characteristics LM119/LM219 
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LM119/LM219/LM319 



LM119/LM219/LM319 


Typical Performance Characteristics LM319 
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National Voltage Comparators 

Semiconductor 
LM139/239/339, LM139A/239A/339A, LM2901,LM3302 
Low Power Low Offset Voltage Quad Comparators 

General Description 


The LM139 series consists of four independent 
precision voltaqe comparators with an offset volt- 
age specification as low as 2 mV max for all four 
comparators. These were designed specifically to 
operate from a single power supply over a wide 
range of voltages. Operation from split power 
supplies is also possible and the, low power supply 
current drain is independent of the magnitude of. 
the power supply voltage. These comparators also 
have a unique characteristic in that the input 
common-mode voltage range includes ground, 
even though operated from a single power supply 
voltage. 

Application areas include limit comparators, simple 
analog to digital converters; pulse, squarewave and 
time delay generators; wide range VCO; MOS clock 
timers; multivibrators and high voltage digital logic 
gates. The LM139 series was designed to directly 
interface with TTL and CMOS. When operated 
from both plus and minus power supplies, they 
wilTdirectly interface with MOS logic- where the 
low power drain of the LM339 is a distinct advan- 
tage over standard comparators. 

Advantages 

■ High precision comparators 

■ Reduced Vqs drift over temperature 


■ Eliminates need for dual supplies 

■ Allows sensing near gnd 

■ Compatible with all forms of logic 

■ Power drain suitable for battery operation 

Features 

■ Wide single supply voltage range or dual sup- 
plies 

LM139 series, 2 Vqc to 36 Vqc or 

LM139A series, LM2901 ±1 Vqc to ±18 Vqc 
LM3302 2 Vqc to 28 Vqc 

or ±1 Vqc to ±14 Vqc 

■ Very low supply current drain (0.8 mA) — 
independent of supply voltage (2 mW/compara- 
tor at +5 V DC ) 

■ Low input biasing current 25 nA 

■ Low input offset current ±5 nA 

and offset voltage ±3 mV 

■ Input common-mode voltage range includes gnd 

■ Differential input voltage range equal to the 
power supply voltage 

■ Low output 250 mV at 4 mA 

saturation voltage 

■ Output voltage compatible with TTL, DTL, 
ECL, MOS and CMOS logic systems 


Schematic and Connection Diagrams 



Typical Applications (v+ = so v DC ) 


Dual-In-Line and Flat Package 



TOP VIEW 

Order Number LM139J, LM139AJ, 
LM239J, LM239AJ, LM339J, 
LM339AJ, LM2901J or LM3302J 
See NS Package J14A 

Order Number LM339N, LM339AN, 
LM2901N or LM3302N 
See NS Package N14A 



Basic Comparator 


■*5.0 V t 



♦5V 0C 
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LM139/LM239/LM339, 

LM139A/LM239A/LM339A, LM2901, LM3302 
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LM139/LM239/LM339, 

LM139A/LM239A/LM339A, LM2901, LM3302 


Absolute Maximum Ratings 



LM139/LM239/LM339 

LM139A/LM239A/LM339A 

LM3302 

Supply Voltage, V + 

LM2901 

36 V DC or ±18 V DC 

28 Vdc or ±14 Vqc 

Differential Input Voltage 

36 Vq C 

28 V DC 

Input Voltage 

-0.3 Vqc t0 +36 Vqc 

- 0.3 Vqc to +28 v dc 

Power Dissipation (Note 1) ^ 

Molded DIP 

570 mW 

570 mW 

Cavity DIP 

‘ 900 mW 


Flat Pack 

800 mW 


Output Short-Circuit to GND, (Note 2) 

Continuous 

Continuous 

Input Current ( V | j\j < -0.3 Vdc>- (Note 3) 

50 mA 

50 mA 

Operating Temperature Range 

LM339A 

0°C to +70° C 

-40° C to +85°C 

LM239A 

-25°C to +85° C 


LM2901 

-40° C to +85° C 


LM139A 

-55°C to +125°C 


Storage Temperature Range 

-65°C to +150°C 

-65° C to +150°C 

Lead Temperature (Soldering, 10 seconds) 

300°C 

300°C 


Electrical Characteristics (v + = 5 v DC , Note 4 ) 




| LM139A 

| LM239A, LM339A 

| LM139 

| LM239, LM339 

| LM2901 

| LM3302 ! 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

Ta = 25°C, (Note 9) 


±1.0 

±2.0 


±1.0 

±2.0 


±2.0 

±5.0 

±2.0 

±5.0 


±2.0 

±7.0 . 


±3 

±20 

mVoc 

Input Bias Current 

•lN(+) or I|N(-) with Output in 

Linear Range, Ta = 25°C, (Note 5) 


25 

100 


25 

250 


25 

100 

25 

250 


25 

250 


25 

500 

nAoC 

Input Offset Current 

i IN(+)-IiN(-).Ta = 25°C 


±3.0- 

±25 


±5.0 

±50 


±3.0 

±25 

±5.0 

±50 


±5 

±50 


±3 

±100 

nAoc 

Input Common-Mode Voltage 
Range 

T A « 25°C, (Note 6) 

0 


V + -1 .5 

0 


V + -1 .5 

0 


V + -1 .5 

0 

V + -1 .5 

0 


V + -1 .5 

0 


V + -1.5 

Vdc 

Supply Current 

R|_ = 00 0 n all Comparators, Ta - 25 C 


0.8 

2.0 


0.8 

2.0 


0.8 

2.0 

0.8 

2.0 


0.8 

2.0 


0.8 

2 

mAoc 


r L = 00 , V + = 30V, Ta = 25°C 













1 

2.5 




mAoC 

Voltage Gain 

R L > 15kfi. V + = 15 V DC (To 

Support Large Vq Swing), Ta = 25°C 

50 

200 


50 

200 



200 


200 


25 

100 


2 

30 


V/mV 

Large Signal Response Time 

V|N = TTL Logic Swing, Vrer = 

1.4 Vqc, v RL = 5 V DC , Rl = 5.1 kfi, 
Ta = 25°C 


300 



300 



300 


300 



300 



300 


ns 

Response Time ' 

Vrl = 5V DC , Rl = 5.1 kn, 

Ta = 25°C, (Note 7) 


1.3 



1.3 



1.3 


1.3 



1.3 



1.3 


JUS 

Output Sink Current 

V|N(-)> 1 V DC , V|N(+) =0, 

Vq< 1.5 V DC , Ta = 25°C 

6.0 

16 


6.0 

16 


6.0 

16 


6.0 16 


6.0 

16 


6.0 

16 


mAoC 

Saturation Voltage 

V|N(-)> 1 V DC. V IN(+) = 0, 

•SINK < 4 mA, Ta = 25°C 


250 

400 


250 

400 


250 

400 

250 

400 



400 


250 

500 

mVQC 

Output Leakage Current 

V|N(+)>1 Vdc- V||S](-) = 0, 

Vq = 5 V DC , T A = 25°C 


0.1 



0.1 



0.1 


0.1 



0.1 



0.1 


nAoc 
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Electrical Characteristics (Continued) 


PARAMETER 

CONDITIONS 

LM139A 

LM239A, LM339A 

LM139 

LM239, LM339 

LM2901 

LM3302 

UNITS 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

MIN TYP MAX 

MIN 

TYP 

MAX 

MIN TYP MAX 

Input Offset Voltage 

(Note 9) 

4.0 

4.0 

9.0 

9.0 


9 

15 

40 

mVQQ 

Input Offset Current 

<IN(+) ~ 'IN(-) 

±100 

±150 

±100 

±150 


50 

200 

300 

nA DC 

Input Bias Current 

l|N(+) or 'IN(-) wit* 1 Output in 

Linear Range 

300 

400 

300 

400 


200 

500 

1000 

nAQC 

Input Common-Mode Voltage 

Range 


o 

+ > 

o 

o 

> 

o 

0 V + -2.0 

0 V + -2.0 

0 


V + -2.0 

0 

CN 

1 

+ 

> 

o 

VDC 

Saturation Voltage 

V|N(-)> 1 VqC- V IN(+) = 0. 

'SINK < 4 mA 

700 

700 

700 

700 


400 

700 

700 

mVQC 

Output Leakage Current 

V|N(+)>1 Vqc> V INR = 0. 

Vq = 30 V DC 

1.0 

1.0 

1.0 

1.0 



1.0 

1.0 

aAdc 

Differential Input Voltage 

Keep all V|n's> 0 Vqq (or V , 
if used), (Note 8) 

36 

36 

36 

36 

0 


36 

28 

vdc 


Note 1 : For operating at high temperatures, the LM339/LM339A, LM2901, LM3302 must be derated based on a 125°C maximum junction temperature and a thermal resistance of 175°C/W which applies for 
the device soldered in a printed circuit board, operating in a still air ambient. The LM239 and LM139 must be derated based on a 150°C maximum junction temperature. The low bias dissipation and the "ON- 
OFF" characteristic of the outputs keeps the chip dissipation very small (Pq <100 mW), provided the output transistors are allowed to saturate. 

Note 2: Short circuits from the output to V + can cause excessive heating and eventual destruction. The maximum output current is approximately 20 mA independent of the magnitude of V + . 

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby 
acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the comparators to go to the 
V+ voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was nega- 
tive, again returns to a value greater than -0.3 Vqq (at 25° C). 

Note 4: These specifications apply for V + = 5 Vqq and -55°C < T^ < +125°C, unless otherwise statecT. With the LM239/LM239A, all temperature specifications are limited to -25°C < T/\ < +85°C, the 
LM339/LM339A temperature specifications are limited to 0°C < T/\ < +70°C, and the LM2901 , LM3302 temperature range is-40°C < < +85°C. 

Note 5: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the reference or 
input lines. 

Note 6: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range is V + —1.5V, but either or both 
inputs can go to +30 Vqq without damage (25V for LM3302). 

Note 7: The response time specified is a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained, see typical performance characteristics section. 

Note 8: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode range, the comparator will provide a proper output state. The low 
input voltage state must not be less than —0.3 Vqq (or 0.3 Vqq below the magnitude of the negative power supply, if used) (at 25°C). 

Note 9: At output switch point, Vq = 1.4 Vqq, Rg = On with V + from 5 Vqq; and over the full input common-mode range (0 Vqq to V + -1 .5 Vqq). 
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I139/LM239/LM339, 

I139A/LM239A/LM339A, LM2901,LM3302 


Typical Performance Characteristics LM139/LM239/LM339, lmi 39 a/lm 239 a/lm 339 a, LM3302 



0 10 20 30 40 

SUPPLY VOLTAGE (V DC ) 



0 10 20 30 40 

V + - SUPPLY VOLTAGE (Vdc) 



l 0 - OUTPUT SINK CURRENT (mA) 


Response Time for Various 
Input Overdrives — Negative 
Transition 


Response Time for Various 
Input Overdrives — Positive 
Transition 




Typical Performance Characteristics LM2901 



0 10 20 30 40 

V*, SUPPLY VOLTAGE (V oc ) 



0 10 20 30 40 

V\ SUPPLY VOLTAGE (V oc ) 


Output Saturation Voltage 



Response Time for Various 
Input Overdrives— Negative 
Transition 


Response Time for Various 
Input Overdrives— Positive 
Transition 



TIME (Msec) 
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Application Hints 

The LM139 series are high gain, wide bandwidth 
devices which, like most comparators, can easily 
oscillate if the output lead is inadvertently allowed 
to capacitively couple to the inputs via stray 
capacitance. This shows up only during the output 
voltage transition intervals as the comparator chan- 
ges states. Power supply bypassing is not required 
to solve this problem. Standard PC board layout 
is helpful as it reduces stray input-output coupling. 
Reducing the input resistors to < 10 k£2 reduces 
the feedback signal levels and finally, adding even 
a small. amount (1 to 10 mV) of positive feedback 
(hysteresis) causes such a rapid transition that 
oscillations due to stray feedback are not possible. 
Simply socketing the 1C and attaching resistors to 
the pins will cause input-output oscillations during 
the small transition intervals unless hysteresis is 
used. If the input signal is a pulse waveform, with 
relatively fast rise and fall times, hysteresis is not 
required. 

All pins of any unused comparators should be 
grounded. 

The bias network of the LM139 series establishes a 
drain current which is independent of the magni- 
tude of the power supply voltage over the range 
of from 2 V DC to 30 V DC . 

It is usually unnecessary to use a bypass capacitor 
across the power supply line. 


Typical Applications <v + = is v DC ) 



0" T 


AND Gate 



The differential input voltage may be larger than 
V + without damaging the device. Protection should 
be provided to prevent the input voltages from 
going negative more than -0.3 V DC (at 25°C). An 
input clamp diode can be used as shown in the 
applications section. 


The output of the LM 1 39 series is the uncommitted 
collector of a grounded-emitter NPN output tran- 
sistor. Many collectors can be tied together to 
provide an output OR'ing function. An output 
pull-up resistor can be connected to any available 
power supply voltage within the permitted supply 
voltage range and there is no restriction on this 
voltage due to the magnitude of the voltage which 
is applied to the V + terminal of the LM139A 
package. The output can also be used as a simple 
SPST switch to ground (when a pull-up resistor is 
not used). The amount of current which the 
output device can sink is limited by the drive 
available (which is independent of V + ) and the j3 
of this device. When the maximum current limit 
is reached (approximately 16 mA), the output 
transistor will come out of saturation and the 
output voltage will rise very rapidly. The output 
saturation voltage is limited by the approximately 
60£2 r^ of the output transistor. The low offset 
voltage of the output transistor (1 mV) allows 
the output to clamp essentially to ground level 
for small load currents. 


v 




Bi-Stable Multivibrator 
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LM139/LM239/LM339, 

LM139A/LM239A/LM339A, LM2901, LM3302 
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LM139/LM239/LM339, 

LM139A/LM239A/LM339A, LM2901, LM3302 






LM139/LM239/LM339, 

LM139A/LM239A/LM339A, LM2901, LM3302 


Typical Applications (Continued) (v + = 5v dc i 



Low Frequency Op Amp 


Low Frequency Op Amp 
(V 0 = OV for V tN = OV) 


Transducer Amplifier 



Low Frequency Op Amp with Offset Adjust 


v* 



Split-Supply Applications (v + = +i5v DC andv =-i 5 v oc ) 





- MOS Clock Driver Comparator With a Negative Reference 
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National 

Semiconductor 


Voltage Comparators 


LM160/LM260/LM360 High Speed Differential 
Comparator 


General Description 

The LM1 60/LM260/LM360 is a very high speed 
differential input, complementary TTL output 
voltage comparator with improved characteristics 
over the /-tA76Q//iA760C, for which it is a pin-for- 
pin replacement. The device has been optimized 
for greater speed, input impedance and fan-out, 
and lower input offset voltage. Typically delay 
varies only 3 ns for overdrive variations of 5 mV 
to 500 mV. 

Complementary outputs having minimum skew 
are provided. Applications involve high speed 
analog to digital convertors and zero-crossing 
detectors m disc file systems. 


Features 

■ Guaranteed high speed 20 ns max 

■ Tight delay matching on both outputs 

■ Complementary TTL outputs 

■ High input impedance 

■ Low speed variation with overdrive variation 

■ Fan-out of 4 

■ Low input offset voltage 

■ Series 74 TTL compatible 


Schematic and Connection Diagrams 



Metal Can Package 



Order Number LM160H, LM260H or LM360H 
See NS Package H08C 

Dual-In-Line Package 


V* OUT! OUT 2 END 



TOP VIEW 


Order Number LM360N 
See NS Package N08B 

Dual-ln-Line Package 



Order Number LM360N-14 
See NS Package N14A 
Order Number LM160J-14, LM260J-14 
See NS Package J14A 
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LM160/LM260/LM360 



LM160/LM260/LM360 


Absolute Maximum Ratings 





Positive Supply Voltage 

Negative Supply Voltage 

Peak Output Current 

Differential Input Voltage 

Input Voltage 

+8V Operating Temperature Range 

-8V LM160 

20 mA LM260 

±5V LM360 

V + > V,n > V - Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 

-55° C to +125°C 
-25°C to +85°C 

0°C to +70°C 
-65° C to +150°C 

300°C 

Electrical Characteristics (t M in<t a <t max ) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Operating Conditions 






Supply Voltage V cc + 


4.5 

5 

6.5 

V 

Supply Voltage V cc ~ 


-4.5 

-5 

-6.5 

V 

Input Offset Voltage 

R s < 200ft 


2 

5 

mV 

Input Offset Current 



.5 

3 

juA 

Input Bias Current 



5 

20 

m a 

Output Resistance (Either Output) 

Vout = Vqh 


100 


ft 

Response Time 

T a = 25°C, V s =±5V (Note 1) 


13 

25 

ns 


T a = 25°C, V s = ±5V (Note 2) 


12 • 

20 

ns 


T a = 25°C, V s = ±5V (Note 3) 


14 


ns 

Response Time Difference Between Outputs 






(t P d of +V| N i ) - (t pd of -V, N2 ) 

T a = 25° C, (Note 1) 


2 


ns 

(tpd of +V )N2 ) ~ (t pd of -V IN1 ) 

T a = 25°C, (Note 1) 


2 


ns 

(tpd of +V, N1 ) - (t pd of +V 1N2 ) 

T a = 25°C, (Note 1) 


2 


ns 

(tpd °f - V|N1 ) ~ (tpd °t — V| N2 ) 

T a = 25° C, (Note 1) 


2 


ns 

Input Resistance 

f = 1 MHz 


17 


kft 

Input Capacitance 

f = 1 MHz 


3 


pF 

Average Temperature Coefficient of Input 
Offset Voltage 

R s = 50ft 


8 


mv/°c 

Average Temperature Coefficient of Input 
Offset Current 



7 


nA/°C 

Common Mode Input Voltage Range 

V s = ±6.5V 

±4 

±4.5 


V 

Differential Input Voltage Range 


+5 



V 

Output High Voltage (Either Output) 

l OUT =-320/iA, V S = ±4.5V 

2.4 

3 


V 

Output Low Voltage (Either Output) 

(sink = 6.4 mA 


• 2S 

.4 

V 

Positive Supply Current 

V s = ±6.5V i 


18 

32 

mA 

Negative Supply Current 

V s = ±6.5V 


-9 

-16 

mA 

Note 1: Response time measured from the 50% point of a 30 mVp.p 10 MHz sinusoidal input to the 50% point of the output. 

Note 2: Response time measured from the 50% point of a 2 Vp.p 10 MHz sinusoidal input to the 50% point of the output. 

Note 3: Response time measured from the start of a 100 mV input step with 5 mV overdrive to the time when the output 
crosses the logic threshold. 
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Typical Performance Characteristics 


Offset Voltage 



-55-35 -15 5 25 45 65 85 105 125 

AMBIENT TEMPERATURE (°C) 


Input Currents vs Ambient 
Temperature 



AMBIENT TEMPERATURE (°C) 



-5 -4 -3 -2 -1 0 1 2 3 4 5 

DIFFERENTIAL INPUT VOLTAGE (V) 


Supply Current vs Ambient 
Temperature 



AMBIENT TEMPERATURE (°C) 


Propagation Delay vs 
Ambient Temperature 



-55-35-15 5 25 45 65 B5 105 125 

AMBIENT TEMPERATURE (°C) 


Delay of Output 1 With 
Respect to Output 2 vs 
Ambient Temperature 



-55 -35 -15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (°C) 


Common-Mode 
Pulse Response 



AC Test Circuit 


OUTPUT TO V + 
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LM161/LM261/LM361 


\ 


Voltage Comparators 


National 
Semiconductor 

LM161/LM261/LM361 High Speed Differential 


Comparators 

General Description 

The LM161/LM261/LM361 is a very high speed 
differential input, complementary TTL output 
voltage comparator with improved characteristics 
over the SE529/NE529 for which it is a pin-for-pin 
replacement. The device has been optimized for 
greater speed performance and lower input offset 
voltage. Typically delay varies only 3 ns for 
over-drive variations of 5 mV to 500 mV. It may 
be operated from op amp supplies (±15V). 

Complementary outputs having minimum skew 
are provided. Applications involve high speed 
analog to digital converters and zero-crossing 
detectors in disc file systems. 


Features ' 

■ Independent strobes 

■ Guaranteed high speed 20 ns max 

■ Tight delay matching on both outputs 

■ Complementary TTL outputs 

■ Operates from op amp supplies ±15V 

■ Low speed variation with overdrive variation 

■ Low input offset voltage 

■ Versatile supply voltage range 


Schematic and Connection Diagrams 



Logic Diagram 



Dual-ln-Line Package * 



Order Number LM161J, LM261J 
or LM361 J 
See NS Package J14A 

Order Number LM361N 
See NS Package N14A 


Metal Can Package 



Order Number LM161H, LM261H 
or LM361H 
See NS Package H10C 
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Absolute Maximum Ratings Operating Conditions 





MIN 

TYP 

MAX 

Positive Supply Voltage, V + 

+ 16V 

Supply Voltage V + 




Negative Supply Voltage, V - 

-16V 

LM161/LM261 

5V 


15V 

Gate Supply Voltage, V cc 

+7V 

LM361 

5V 


15V 

Output Voltage 

+7V 

Supply Voltage V" 




Differential Input Voltage 

±5V 

LM161/LM261 

, -6V 


-15V 

Input Common Mode Voltage 

±6V 

LM361 

-6V 


-15 V 

Power Dissipation 

600 mW 

Supply Voltage V cc 




Storage Temperature Range 

-65° C to +150°C 

LM161/LM261 

4.5V 

5V 

5.5V 

Operating Temperature Range 

t MIN t MAX 

LM361 

4.75V 

5V 

5.25V 

LM161 

-55° C to +125°C 





LM261 

-25°C to +85°C 





LM361 

0°C to +70° C 





Lead Temperature (Soldering, 10 sec) 

300°C 





For Any Device Lead Below V 

0.3V 






Electrical Characteristics (V + = +10V, V cc = +5V,V~ = -10V, T M , N ^T A ^T MAX , unless noted) 


: 


LIMITS 


PARAMETER 

CONDITIONS 

LM161/LM261 

LM361 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Offset Voltage 



1 

3 


1 

5 

mV 

Input Bias Current 

T a = 25°C 


5 



10 


pA 




20 



30 

AtA 

Input Offset Current 

T a = 25°C 


2 

3 


2 

5 

iuA 

MA 

Voltage Gain 

T a = 25°C 


3 



3 


V/mV 

Input Resistance 

T a = 25°C, f = 1 kHz 


20 



20 


kft 

Logical “1" Output Voltage 

V cc = 4.75V, 

•source ~ ”5 mA 

2.4 

3.3 


2.4 

3.3 


V 

Logical ''O'' Output Voltage 

V cc = 4.75V, 

•sink =" 6.4 mA 



.4 



.4 

V 

Strobe Input "1” Current 

V cc - 5.25V, 

^STROBE " 2.4V 



200 



200 

PA 

Strobe Input ”0" Current 

V cc " 5.25V, 

V STROBE ' -4V 



1.6 



-1.6 

mA 

Strobe Input "0” Voltage 

,V CC - 4.75V 



8 



.8 

V 

Strobe Input "1" Voltage 

V cc " 4.75V 

2 



2 



V 

Output Short Circuit Current . 

V cc ' 5.25V, V OUT - 0V 

V + = 10V, V" * -10V, 

18 


55 

18 


-55 

mA 

Supply Current l + 

V cc - 5.25V. 

-55°C<T A < 125°C 



4.5 




mA 


V + = 10V, V = -10V, 








Supply Current l + 

V cc = 5.25V, 

0°C<T a <70°C 






5-/ 

mA 


V + = 10V, V" = -10V, 








Supply Current I - 

V cc = 5.25V, 

55 ’C < T a < 1 25” C 

V + = 10V, V“= -10V, 



10 




mA 

Supply Current f 

V cc = 5.25V, 

0°C < T a < 70° C 






10 

mA 


V + = 10V, V _ = -10V. 

v 







Supply Current l cc 

V cc = 5.25V, 

-55°C < T a < 125°C 

V + = 10V. V“ = -10V. 

l 


18 



1 

I 

mA 

' Supply Current l cc 

V cc = 5.25V, 

0°C < T a ^ 70°C 

: 





20 

mA 

TRANSIENT RESPONSE 

V IN = 50 mV Overdrive 




S. 




Propagation Delay Time (t pdl0 )) 

T a = 25°C 


14 

20 


14 

20 

ns 

Propagation Delay Time (t pd(1) ) 

T a = 25°C 


14 

20 


14 

20 

ns 

Delay Between Output A and B 

T a = 25°C 


2 

5 


2 

5 

ns 

Strobe Delay Time (t pd(0) ) 

T a = 25° C 


8 



8 


ns 

Strobe Delay Time (t pd(1) ) 

T a = 25° C 


8 



8 


ns 
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LM161/LM261/LM361 


Typical Performance Characteristics 


Offset Voltage 

32 — I — I — T 

2.1 - V+ = 1 ° V — 
V~ = -10V 

2.4 -V cc = 5.25V 


-55 -35 -15 5 25 45 65 85 J05 125 
AMBIENT TEMPERATURE ( 0 


Input Currents vs Ambient 
Temperature 








1 









_ BIAS- 








— 

— 









r 







A 

X 






i 


• v + 

. V- 

= iov H 

= -10V 

- 

- 


-OFFSET- 


, l v cc-» 5v I 11 1 11 

-55 -35 -15 5 25 45 65 85 105 125 

AMBIENT TEMPERATURE fC) 


Input Characteristics 

9 1 1 T 

V + = 10V 

8 -v- = -iov — r" 5 * 

7 -V C C = 5.25 V { 


-5-4 -3 -2 -1 0 1 2 3 4 5 

DIFFERENTIAL INPUT VOLTAGE (V) 


Supply Current vs Ambient 
Temperature 


□z 

1 




n 





— ■ 

— - 

— 

'c 

C 

V 

- = ! 

ov 

-10V 





s> 

7 v 

CC = 

5.25 

V 





K 








1 


— 

■ — 

' — 



r— 


3 

r 

r 

— 

___ 


- 

t~ - 
L 

f— 

-i- 

__r 

rj 

— 

— 


— : 

— 

l i 

r~ 

— 

E 

s 


-55 -35-15 5 25 45 65 85 105 125 

AMBIENT TEMPERATURE ( C) 


Supply Current vs 
Supply Voltage 



t6 ±7 ±8 ±9 ±10 ±11 ±12 ±13 -.14 -15 
SUPPLY VOLTAGE (V + , V") (V) 


Propagation Delay vs Ambient 
Temperature 



-55-35-15 5 25 45 65 85 105 125 

AMBIENT TEMPERATURE (°C) 


Delay of Output 1 With 
Respect to Output 2 vs 
Ambient Temperature 


SEE AC TEST CIRCUIT 
30 H BOTH OUTPUTS LOADED - A 


-55 -35 -15 5 25 45 65 85 105 125 

AMBIENT TEMPERATURE (°C) 


Strobe Delay vs Ambient 
Temperature 



-55-35 -15 5 25 45 65 85 105 125 

AMBIENT TEMPERATURE TC) 


Common-Mode 
Pulse Response 



40 80 120 160 

TIME (ns) 


Propagation Delay vs Supply 
Voltage 



±5 ±6 ±7 ±8 ±9 ±10 ±11 ±12 ±13 ±14 ±15 
V + ,V" -SUPPLY VOLTAGE (V) 


AC Test Circuit 




National 
4jfl Semiconductor 


Voltage Comparators 


LM193/LM293/LM393, LM193A/LM293A/LM393A, LM2903 
Low Power Low Offset Voltage Dual Comparators 

General Description 


The LM193 series consists of two independent precision 
voltage comparators with an offset voltage specification 
as low as 2.0 mV max for two comparators which were 
designed specifically to operate from a single power 
supply over a wide range of voltages. Operation from 
split power supplies is also possible and the low power 
supply current drain is independent of the magnitude 
of the power supply voltage. These comparators also 
have a unique characteristic in that the input common- 
mode voltage range includes ground, even though 
operated from a single power supply voltage. 

Application areas include limit comparators, simple 
analog to digital converters; pulse, squarewave and time 
delay generators; wide range VCO; MOS clock timers; 
multivibrators and high voltage digital logic gates. The 
LM193 series was designed to directly interface with 
TTL and CMOS. When operated from both plus and 
minus power supplies, the LM193 series will directly 
interface with MOS logic where their low power drain 
is a distinct advantage over standard comparators. 


Advantages 


High precision comparators 
Reduced V os drift over temperature 


■ Eliminates need for dual supplies 

■ Allows sensing near ground 

■ Compatible with all forms of logic 

■ Power drain suitable for battery operation 


Features 

■ Wide single supply 

Voltage range 2.0 V DC to 36 V DC 

or dual supplies ±1 .0 V DC to ±f8 V DC 

■ Very low supply current drain (0.8 mA)— indepen- 
dent of supply voltage (1.0 mW/comparator at 
5.0 V DC ) 

n Low input biasing current 25 nA 

n Low input offset current ±5 nA 

and maximum offset voltage ±3 mV 

b Input common-mode voltage range includes ground 
a Differential input voltage range equal to the power 
supply voltage 

■ Low output 250 mV at 4 mA 

saturation voltage 

a Output voltage compatible with TTL, DTL, ECL, 
MOS and CMOS logic systems 


Schematic and Connection Diagrams 


Dual-In-Line Package 


Metal Can Package 


3 5, A W 100, A (t) 3.5,A KV too, A 



OUTPUT B INVERTING INPUT t 



~ -= Order Number LM193H, LM193AH, Order Number LM393N, 

A A LM293H, LM293AH, LM393H or LM393AH LM393AN, or LM2903N 

See NS Package H08C See NS Package N08B 

Typical Applications (v + =5 ov DC ) 





Basic Comparator 


Driving CMOS 
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LM193/LM293/LM393, 
LM193A/LM293A/LM393A, LM2903 
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LM193/LM293/LM393, 
LM193A/LM293A/LM393A, LM2903 


Absolute Maximum Ratings 

Supply Voltage, V + 

Differential Input Voltage 

Input Voltage 

Power Dissipation (Note 1) 

Molded DIP 
Metal Can 

Output Short-Circuit to Ground, (Note 2) 

Input Current ( V | j\j <-0.3 Vpc), (Note 3) 

Operating Temperature Range 
LM393/LM393A 
LM293/LM293A 
LM193/LM193A 
LM2903 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


36 VqC or ±18 V DC 
36 V D (j 
-0.3 Vqc to +36 Vqc 

570 mW 
830 mW 
Continuous 
50 mA 

0°C to +70° C 
~25°C to +85° C 
— 55°C to +125°C 
-40°C to +85°C 
-65°C to +150°C 
300° C 


Electrical Characteristics <v + = 5 v DC ) (Note 4) 



CONDITIONS 

LM193A 

LM293A, LM393A 

LM193 

LM293, LM393 

LM2903 

UNITS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 1 
1 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

Ta = 25°C, (Note 9) . 


±1.0 

±2.0 


±1.0 

±2.0 1 


±1.0 

±5.0 


±1.0 

±5.0 


'±2.0 

±7.0 

mVpc 

Input Bias Current 

I|N+ or 1 IN- with Output In Linear 

Range, Ta = 25°(X (Note 5) 


25 

100 


25 

250 


25 

100 


25 

250 

! 


25 

250 

nApc 

Input Offset Current 

l|N+ “(IN- Ta = 25°C 


±3.0 

±25 


±5.0 

±50 


±3.0 

±25 


±5.0 

±50 


±5.0 

±50 

nApc 

Input Common-Mode Voltage Range 

Ta = 25°C, (Note 6) 

0 


V + -1 .5 

0 


V + -1 .5 

0 


V + -1 .5 

0 


V + -1 .5 

0 


V + -1 .5 

VDC 

Supply Current 

Rj_ = cx> on All Comparators, Ta = 25°C 


0.4 

1 


0.4 

1 


0.4 

1 


0.4 

1 


0.4 

1.0 

mApc 


R|_ = °° on All Amps, V + = 30 Vpp 


1 

2.5 


1 

2.5 



2.5 



2.5 


1 

2.5 

mApc 

Voltage Gain 

R L > 15kfi, Ta = 25°C, V + = 15 V D c 
(T o Support Large Vo Swing) 

50 

200 


50 

200 


50 

200 


50 

200 


25 

100 


V/mV 

Large Signal Response Time 

V|N = TTL Logic Swing, Vrer = 1 .4 Vqc 
Vr L = 5 Vqc- Rl = 5.1 kfi, T A = 25°C 


300 



300 



300 



300 



300 


ns 

Response Time 

Vrl = 5 V D c, Rl = 5.1 kfi, Ta = 25°C, 


1.3 



1.3 



1.3 



1.3 



1.5 


US 


(Note 7) 

















Output Sink Current 

V|N-> 1 Vqc- v IN+ = 0, Vo < 1.5 Vpc, 
T A = 25°C 

6.0 

16 


6.0 

16 


6.0 

16 


6.0 

16 


6 

16 


mApc 

Saturation Voltage 

V|N-> 1 Vpc, V|fsj+ = 0, ISINK<4 mA, 
Ta = 25°C • 


250 

400 


250 

400 


250 

400 


250 

400 



400 

mVpc 

Output Leakage Current 

V 1 1\| — = 0, V|N+> 1 Vpc, Vo = 5 Vpc, 

T A = 25° C 


0.1 



0.1 



0.1 



0.1 



0.1 


nApc 
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Electrical Characteristics (Continued) 




| LM193A | 

| LM293A, LM393A | 

LM193 

| LM293, LM393 | 

| LM2903 | 




MIN TYP 

MAX 

MIN 

TYP MAX 

MIN 

TYP MAX 

MIN 

TYP MAX 

MIN TYP 

MAX 


Input Offset Voltage 

(Note 9) 


4.0 


4.0 


9 


9 

9 

15 

mVpc 

Input Offset Current 

l|N+~l|N- 


±100 


±150 


±100 


±150 

50 

200 

nApc 

Input Bias Current 

l|N+ ° r 1 IN- with Output in Linear Range 


300 


400 


300 


400 

200 

500 

nApC 

Input Common-Mode Voltage Range 


0 

V + -2.0 

0 

V + -2.0 

0 

V + -2.0 

0 

V + -2.0 

0 

o 

+ 

> 

VDC 

Saturation Voltage 

V|N-> 1 Vpc. V|N+ = 0, lsiNK< 4r "A, 


700 


700 


700 


700 

400 

700 

mVpc 

Output Leakage Current 

V IN _ = 0. V, N+ > 1 V DC , V 0 = 30 V DC , 


1.0 


1.0 


1.0 


1.0 


1.0 

MAqC 

Differential Input Voltage 

Keep All V in's > 0 Vp£ (or V~ , if Used), 
(Note 8) 


36 


36 


36 


36 


28 

V DC 


Note 1: For operating at high temperatures, the LM393/LM393A and LM2903 must be derated based on a 125°C maximum junction temperature and a thermal resistance of 175°C/W which applies for the 
device soldered in a printed circuit board, operating in a still air ambient. The LM193/LM193A/LM293/LM293A must be derated based on a 150°C maximum junction temperature. The low bias dissipation and 
the “ON-OFF" characteristic of the outputs keeps the chip.dissipation very smali (Pp < 100 mW), provided the output transistors are allowed to saturate. 

Note 2: Short circuits from the output to V + can cause excessive heating and eventual destruction. The maximum output current is approximately 20 mA independent of the magnitude of V + . 

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP transistors becoming forward biased and thereby 
acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the 1C chip. This transistor action can cause the output voltages of the comparators to go to the 
V + voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, 
again returns to a value greater than -0.3 Vpp. 

Note 4: These specifications apply for V + = 5 Vpp and -55°C <7j\< +125°C, unless otherwise stated. With the LM293/LM293A all temperature specifications are limited to -25°C < T^ < +85° C and the 
LM393/LM393A temperature specifications are limited to 0°C < T^ < +70° C. The LM2903 is limited to -40° C < T^ < +85° C. 

Note 5: The direction of the input current is out of the 1C due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the reference or 
input lines. 

Note 6: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range is V + -1.5V, but either or both 
inputs can go to 30 Vpp without damage. 

Note 7: The response time specified is for a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained, see typical performance characteristics section. 

Note 8: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode range, the comparator will provide a proper output state. The low 
input voltage state must not be less than -0.3 Vpp (or 0.3 Vpp below the magnitude of the negative power supply, if used). 

Note 9: At output switch point, Vp = 1 .4 Vpp, Fig = 0£2 with V + from 5 Vpp to 30 Vpp; and over the full input common-mode range (0 Vqq to V + -1 .5 Vpp). 
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LM193/LM293/LM393, 
LM193A/LM293A/LM393A, LM2903 


Typical Performance Characteristics lmi 93 /lm 293 /lm 393 , lmi 93 a/lm 293 a/lm 393 a 


Supply Current 


Input Current 


Output Saturation Voltage 


T a 

■~ 55 I£-4-~ * — 





r 




__ 



L_ 

— 

” 7 


= +25°C 

— 

— 

; — 

-r 


T a = +70°C 

— 

l 


10 20 30 40 

V + - SUPPLY VOLTAGE (V DC ) 








-T a 

= -5 

5°C . ... 

— 

-T a 

1 

= 0°C 

-i 


T/ 

1 

= +125°C N 

1 1 

□ 

_ 

| 1 


T a =+125°C \T T a = +25° C 
J 1 1 _^T A = +70°C 

ii M ii n 

10 20 30 40 

V + - SUPPLY VOLTAGE (Voc) 



0.01 0.1 1.0 10 100 
l 0 - OUTPUT SINK CURRENT (mA) 


Response Time for Various 
Input Overdrives — Negative 
Transition 


I Sffl 

4.0 -20 mVjj 


5.0 mV « INPUT OVERDRIVE 


Response a Time for Various 
Input Overdrives — Positive 
Transition 

1 I vf INPUT' OVER DRIVE = 100 mV I 


-t-H— 

-T a = 25°C 


0 0.5 1.0 1.5 2.0 

TIME (wee) 


0 0.5 1.0 1.5 2.0 

TIME ^sec) 


Typical Performance Characteristics LM2903 


Supply Current 


Input Current 


Output Saturation Voltage 




10 20 30 40 

V + , SUPPLY VOLTAGE (V oc ) 



10 20 30 40 

V + , SUPPLY VOLTAGE (V oc ) * 



lo, OUTPUT SINK CURRENT (mA) 


Response Time for Various 
Input Overdrives— Negative 
Transition 


j 6.0 1 

t 5.0 — I — 

4.0 -20 mV 


5.0 mV = INPUT OVERDRIVE 


0.5 1.0 1.5 2.0 

TIME ( W ec) 


Response Time for Various 
Input Overdrives— Positive 
Transition 



0.5 1.0 1.5 2.0 

TIME (wee) 
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Application Hints 


The LM193 series are high gain, wide bandwidth devices 
which, like most comparators, can easily oscillate if the 
output lead is inadvertently allowed to capacitively 
couple to the inputs via stray capacitance. This shows up 
only during the output voltage transition intervals as the 
comparator changes states. Power supply bypassing is 
not required to solve this problem. Standard PC board 
layout is helpful as it reduces stray input-output 
coupling. Reducing the input resistors to < 10 
reduces the feedback signal levels and finally, adding 
even a small amount (1.0 to 10 mV) of positive feedback 
(hysteresis) causes such a rapid transition that oscilla- 
tions due to stray feedback are not possible. Simply 
socketing the 1C and attaching resistors to the pins will 
cause input-output oscillations during the small transi- 
tion intervals unless hysteresis is used. If the input signal 
is a pulse waveform, with relatively fast rise and fall 
times, hysteresis is not required. 

All pins of any unused comparators should be grounded. 

The bias network of the LM193 series establishes a drain 
current which is independent of the magnitude of the 
power supply voltage over the range of from 2.0 V DC to 
30 V DC . 

It is usually unnecessary to use a bypass capacitor.across 
the power supply line. 


The differential input voltage may be larger than V + 
without damaging the device (see Note 8). Protection 
should be provided to prevent the input voltages from 
going negative more than -0.3 V DC (at 25°C). An input 
clamp diode can be used as shown in the applications 
section. 

The output of the LM193 series is the uncommitted col- 
lector of a grounded-emitter NPN output transistor. Many 
collectors can be tied together to provide an output 
OR'ing function. An output pull-up resistor can be 
connected to any available power supply voltage within 
the permitted supply voltage range and there is no 
restriction on this voltage due to the magnitude of the 
voltage which is applied to the V + terminal of the 
LM193 package. The output can also be used as a 
simple SPST switch to ground (when a pull-up resistor 
is not used). The amount of current which the output 
device can sink is limited by the drive available (which is 
independent of V + ) and the (3 of this device. When the 
maximum current limit is reached (approximately 
16 mA), the output transistor will come out of satura- 
tion and the output voltage will rise very rapidly. The 
output saturation voltage is limited by the approxi- 
mately 60£2 r SAT of the output transistor. The low 
offset voltage of the output transistor (1.0 mV) allows 
the output to clamp essentially to ground level for 
small load currents. 


Typical Applications (continued) (v + = 15 v DC ) 




Squarewave Oscillator 
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LM311 



National 

Semiconductor 


Voltage Comparators 


LM311 Voltage Comparator 

General Description 

The LM31 1 is a voltage comparator that has input 
currents more than a hundred times lower than de- 
vices like the LM306 or LM710C. It is also de- 
signed to operate over a wider range of supply 
voltages: from standard ±15V op amp supplies 
down to the single 5V supply used for 1C logic. Its 
output is compatible with RTL, DTL and TTL as 
well as MOS circuits. Further, it can drive lamps or 
relays, switching voltages up to 40V at currents as 
high as 50 mA. 

Features 

■ Operates from single 5V supply 

■ Maximum input current: 250 nA 

■ Maximum offset current: 50 nA 


■ Differential input voltage range: ±30V 

■ Power consumption: 135 mW at ±15V 


Both the input and the output of the LM311 can 
be isolated from system ground, and the output 
can drive loads referred to ground, the positive 
supply or the negative supply. Offset balancing 
and strobe capability are provided and outputs can 
be wire OR'ed. Although slower than the LM306 
and LM710C (200 ns response time vs 40 ns) the 
device is also much less prone to spurious oscilla- 
tions. The LM311 has the same pin configuration 
as the LM306 and LM710C. See the "application 
hints" of the LM31 1 for application help. 


Auxiliary Circuits** 


' R2 
3.0k 



Offset Balancing 



Note: Pin connections shown on schematic diagram 
and typical applications are for TO-5 package. 


6 Note. Do Not Ground 
Strobe Pin. 



Strobing 


Increases typical common 
mode slew from 7.0 V//js 
to mins. 


Increasing Input Stage Current* 


Typical Applications** 



Detector for Magnetic Transducer 




Relay Driver withStrobe 


FROM D/A NETWORK 
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Absolute Maximum Ratings 


Total Supply Voltage (V 84 ) 36V 

Output to Negative Supply Voltage (V 74 ) 40V 

Ground to Negative Supply Voltage (V 14 ) 30V 

Differential Input Voltage ±30V 

Input Voltage (Note 1 ) ±15V 

Power Dissipation (Note 2) 500 mW 

Output Short Circuit Duration 10 sec 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (soldering, 10 sec) 300°C 

Voltage at Strobe Pin V + — 5V 


Electrical Characteristics (Note 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Offset Voltage (Note 4) 

T a = 25°C, R s < 50k 


2.0 

7.5 

mV 

Input Offset Current (Note 4) 

T a = 25°C 


6.0 

50 

nA 

Input Bias Current 

T a = 25°C 


100 

250 

nA 

Voltage Gain 

T a = 25° C 

40 

200 


V/mV 

Response Time (Note 5) 

T a = 25° C 


200 


ns 

Saturation Voltage 

V, N < -10 mV, Iqut = 50 mA 
T a = 25°C 


0.75 

1.5 

V 

Strobe ON Current 

T a =- 25°C 


3.0 


mA 

Output Leakage Current 

V| N >10mV, V OUT = 35V 

T a = 25°C, Istrobe = 3 mA 


0.2 

50 

nA 

Input Offset Voltage (Note 4) 

R s < 50k 



10 

mV 

Input Offset Current (Note 4) 




70 

nA 

Input Bias Current 




300 

nA 

Input Voltage Range 


-14.5 

13.8,-14.7 

13.0 

V 

Saturation Voltage 

V + > 4.5V, V — = 0 

Vjn < —10 mV, Isink ^ 5 mA 


0.23 

0.4 

V 

Positive Supply Current 

T a = 25°C 


5.1 

7.5 

mA 

Negative Supply Current 

T a = 25°C : 


4.1 

5.0 

mA 


Note 1: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative 
input voltage limit is equal to the negative supply voltage or 30V below the positive supply, whichever is less. 

Note 2: The maximum junction temperature of the LM311 is 1 10°C. For operating at elevated temperatures, devices in the TO-5 
package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case. The thermal 
resistance of the dual-in-line package is 100°C/W, junction to ambient. 

Note 3: These specifications apply for Vg = ±15V and the Ground pin at ground, and 0°C < T/\ < +70°C, unless otherwise 
specified. The offset voltage, offset current and bias current specifications apply for any supply voltage from a single 5V supply 
up to ±15V supplies. 

Note 4: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either 
supply with 1 mA load. Thus, these parameters define an error band and take into account the worst-case effects of voltage gain 
and input impedance. 

Note 5: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 

Note 6: Do not short the strobe pin to ground; it should be current driven at 3 to 5 mA. 
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INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V) INPUT BIAS CURRENT (nA) INPUT BIAS CURRENT (nA) 









Typical Performance Characteristics (Continued) 


Supply Current 



0 5 10 15 20 25 30 


Supply Current 







V s = ±15V 




















PQ 
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/ESU 
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PPLV 

N 

— 

— 


- 

0UTPU 

-PC 

ISITI1 

:gat 

/E Ar 
IVE S 

H — 

0 

UPPLY- 

= 

- 

— 

OUTPUT HIGH 





-LJ. Li., 





0 10 20 30 40 50 60 70 80 



25 35 45 55 65 75 


SUPPLY VOLTAGE (V) 


TEMPERATURE <°C> TEMPERATURE (°C) 


Typical Applications 


Zero Crossing Detector 
Driving MOS Switch 



100 kHz Free Running Multivibrator 





•Input polarity Is reversed 
when using pin 1 as output. 


Driving Ground-Referred Load 




f 



Using Clamp Diodes to Improve Response 



TTL Interface with High Level Logic 
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Application Hints 

CIRCUIT TECHNIQUES FOR AVOIDING 
OSCILLATIONS IN COMPARATOR APPLICATIONS 

When a high-speed comparator such as the LM 111 is 
used with fast input signals and low source impedances, 
the output response will normally be fast and stable, 
assuming that the power supplies have been bypassed 
(with 0.1 fif disc capacitors), and that the output signal 
is routed well away from the inputs (pins 2 and 3) and 
also away from pins 5 and 6. 

However, when the input signal is a voltage ramp or a 
slow sine wave, or if the signal source impedance is high 
(1 k£2 to 100 kJT2), the comparator may burst into 
oscillation near the crossing-point. This is due to the 
high gain and wide bandwidth of comparators like the 
LM111. To avoid oscillation or instability in such a 
usage, several precautions are recommended, as shown 
in Figure 1 below. 

1. The trim pins (pins 5 and 6) act as unwanted auxil- 
iary inputs. If these pins are not connected to a trim- 
pot, they should be shorted together. If they are 
connected to a trim-pot, a 0.01 /jA capacitor Cl 
between pins 5 and 6 will minimize the susceptibility 
to AC coupling. A smaller capacitor is used if pin 5 is 
used for positive feedback as in Figure 1. 

2. Certain sources will produce a cleaner comparator 
output waveform if a 100 pF to 1000 pF capacitor 
C2 is connected directly across the input pins. 

3. When the signal source is applied through a resistive 
network, R s , it is usually advantageous to choose an 
R s ' of substantially the same value, both for DC and 
for dynamic (AC) considerations. Carbon, tin-oxide, 
and metal-film resistors have all been used successfully 
in comparator input circuitry. Inductive wirewound 
resistors are not suitable. 


4. When comparator circuits use input resistors (eg. 
summing resistors), their value and placement are 
particularly important. In all cases the body of the 
resistor should be close to the device or socket. In 
other words there should be very little lead length or 
printed-circuit foil run between comparator and 
resistor to radiate or pick up signals. The same applies 
to capacitors, pots, etc. For example, if R s = 10 k£2, as 
little as 5 inches of lead between the resistors and the 
input pins can result in oscillations that are very hard 
to damp. Twisting these input leads tightly is the 
only (second best) alternative to placing resistors 
close to the comparator. 

5. Since feedback to almost any pin of a comparator 
can result in oscillation, the printed-circuit layout 
should be engineered thoughtfully. Preferably there 
should be a groundplane under the LM 111 circuitry, 
for example, one side of a double-layer circuit card. 
Ground foil (or, positive supply or negative supply 
foil) should extend between, the output and the 
inputs, to act as a guard. The^foil connections for the 
inputs should be as small and compact as possible, 
and should be essentially surrounded by ground foil 
on all sides, to guard against capacitive coupling from 
any high-level signals (such as the output). If pins 5 
and 6 are not used, they should be shorted together. 
If they are connected to a trim-pot, the trim-pot 
should be located, at most, a few inches away from the 
LM1 1 1, and the 0.01 fJ . F capacitor should be installed. 
If this capacitor cannot be used, a shielding printed- 
circuit foil may be advisable between pins 6 and 7. 
The power supply bypass capacitors should be located 
within a couple inches of the LM111. (Some other 
comparators require the power-supply bypass to be 
located immediately adjacent to the comparator.) 



Pin connections shown are for LM1 11H in 8-lead TO-5 hermetic package 


FIGURE 1. Improved Positive Feedback 
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Application Hints (Continued) 

6. It is a standard procedure to use hysteresis (positive 
feedback) around a comparator, to prevent oscillation, 
and to avoid excessive noise on the output because 
the comparator is a good amplifier for its own noise. 
In the circuit of Figure 2, the feedback from the 
output to the positive input will cause about 3 mV of 
hysteresis. However, if R s is larger than 100JT2, such 
as 50 k£2, it would not be reasonable to simply 
increase the value of the positive feedback resistor 
above 510 k£2. The circuit of Figure 3 could be used, 
but it is rather awkward. See the notes in paragraph 
7 below. 

7. When both inputs of the LM 111 are connected to 
active signals, or if a high-impedance signal is driving 
the positive input of the LM1 1 1 so that positive feed- 
back would be disruptive, the circuit of Figure 1 is 


ideal. The positive feedback is to pin 5 (one of the 
offset adjustment pins). It is sufficient to cause 1 to 
2 mV hysteresis and sharp transitions with input 
triangle waves from a few Hz to hundreds of kHz. 
The positive-feedback signal across the 820 resistor 
swings 240 mV below the positive supply. This signal 
is centered around the nominal voltage at pin 5, so 
this feedback does not add to the V os of the com- 
parator. As much as 8 mV of V os can be trimmed 
out, using the 5 kO pot and 3 kO resistor as shown. 


8. These application notes apply specifically to the 
LM111, LM211, LM311, and LF111 families of 
comparators, and are applicable to all high-speed 
comparators in general, (with the exception that not 
all comparators have trim pins). 



Pin connections shown are for LM 1 1 1 H in 8-lead TO-5 hermetic package 


FIGURE 2. Conventional Positive Feedback 



FIGURE 3. Positive Feedback With High Source Resistance 
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LM710/LM710C 
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LM710/LM710C Voltage Comparator 

General Description 


The LM710 series are a high-speed voltage com- 
parators intended for use as an accurate, low-level 
digital level sensor or as a replacement for opera- 
tional amplifiers in comparator applications where 
speed is of prime importance. The circuit has a 
differential input and a single-ended output, with 
saturated output levels compatible with practically 
all types of integrated logic. 

The device is built on a single silicon chip which 
insures low offset and thermal drift. The use of 
a minimum number of stages along with minority- 
carrier lifetime control (gold doping) makes the 
circuit much faster than operational amplifiers in 
saturating comparator applications. In fact, the low 


stray and wiring capacitances that can be realized 
with monolithic construction make the device dif- 
ficult to duplicate with discrete components oper- 
ating at equivalent power levels. 

The LM710 series are useful as pulse height dis- 
criminators, voltage comparators in high-speed A/D 
converters or go, no-go detectors in automatic test 
equipment. They also have applications in digital 
systems as an adjustable-threshold line receiver or 
an interface between logic types. In addition, the 
low cost of the units suggests it for applications 
replacing relatively simple discrete component 
circuitry. 


Schematic* and Connection Diagrams 



Typical Applications * 

Schmitt Trigger 





-AW— 


Pulse Width Modulator 



*Ptn connections shown are for metal can. 


Metal Can Package 


. 1WVIEW 



Order Number LM710H 
or LM710CH 
See NS Package H08C 


Dual-In-Line Package 



Order Number LM710N 
or LM710CN 
See NS Package N14A 


Line Receive With Increased 
Output Sink Current 


♦ 17V 



Level Detector With Lamp Driver 
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Absolute Maximum Ratings 


Positive Supply Voltage 

+ 14V 

Operating Temperature Range 

tmin tmax 

Negative Supply Voltage 

— 7V 

LM710 

— 55°C to +125°C 

Peak Output Current 

10 mA 

LM710C 

0°C to +70°C 

Output Short Circuit Duration 

10 seconds 

Storage Temperature Range 

-65°Cto+150°C 

Differential Input Voltage 

±5V 

Lead Temperature (Soldering, 60 seconds) 

300°C 

Input Voltage 

±7V 



Power Dissipation 




TO-99, (Note 1) 

300 mW 



Flat Package, (Note 2) 

200 mW 




Electrical Characteristics (Note 3) 


PARAMETER 

CONDITIONS 

LM710 ! 

LM710C | 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage 

R S < 200ft, V C M = 0V, T A = 25°C 


0.6 

2.0 


1.6 

5.0 

mV 

Input Offset Current 

VoUT= 1.4V,T A = 25°C 


0.75 

3.0 


1.8 

5.0 

/^A 

Input Bias Current 

Ta = 25°C 


13 

20 


16 

25 

HA 

Voltage Gain 

Ta = 25° C 

1250 

1700 


1000 

1500 



Output Resistance 

T A = 25°C 


200 



200 


. ft 

Output Sink Current 

V 0 UT = 0, T A = 25°C 

AV|N>5mV 

2.0 

2.5 





mA 


AV||\| > 10 mV 




1.6 

2.5 


mA 

Response Time 

Ta = 25°C, (Note 4) 


40 



40 


ns 

Input Offset Voltage 

R S < 200ft, V C m = 0V 



. 3.0 



6.5 

mV 

Average Temperature Coefficient 

tmin <Ta< Tmax 


3.0 

10 


5.0 

20 

AV/°C 

of Input Offset Voltage 

RS < 50ft 








Input Offset Current 

t a = t a max 


0.25 

3.0 



7.5 

A« A 


t a = Ta min 


1.8 

7.0 



7.5 

a*a 

Average Temperature Coefficient 

25°C<T A <TmaX 


5.0 

25 


15 

50 

nA/°C 

of Input Offset Current 

TmIN<T A <25°C 


15 

75 


24 

100 

nA/°C 

Input Bias Current 

Ta = Tmin 


27 

45 


25 

40 

MA 

Input Voltage Range 

V - = — 7V 

±5.0 


! 

±5.0 



V 

Common-Mode Rejection Ratio 

R S < 200ft 

80 

100 


70 

98 


dB 

Differential Input Voltage Range 


±5.0 



±5.0 



V 

Voltage Gain 


1000. 



800 



V/V 

Positive Output Level 

-5 mA < louT < 0 

V| N > 5 mV 

2.5 

3.2 

4.0 




V 


V| N > 10 mV 




2.5 

3.2 

4.0 

V 

Negative Output Level 

V|n> 5 mV 

-1.0 ' 

-0.5 

0 




V 


V|N> 10 mV 



1 

-1.0 

-0.5 

0 

V 

Output Sink Current 

V|ni> 5 mV, Vq|JT = 0 

T A =125°C 

0.5 

1.7 





mA 


Ta = “55°C 

1.0 

2.3 





mA 


V IN > 10 mV, VoUT = 0 
0 °C<Ta<+70°C 


) 


0.5 



mA 

Positive Supply Current 

V|n > 5 mV 


5.2 

9.0 




mA 


V IN > mV 





5.2 

9.0 

mA 

Negative Supply Current 

V| N >5mV 


4.6 

7.0 




mA 


V|N> 10 mV 





4.6 

7.0 

mA 

Power Consumption 

'OUT = 0 

V|N>5mV 


90 

150 




mW 


V||\j > 10 mV 






150 i 

mW 


Note 1: Rating applies for case temperatures to 125°C for LM710 and to 70°C for LM710C; derate linearly at 5.6 mW/° C for ambient tempera- 
tures above 105°C. 

Note 2: Derate linearly at 4.4 mW/°C for ambient temperatures above 100°C. 

Note 3: These specifications apply for V + = 12V, V - = -6V, -55°C < T A < +125°C for LM710 and 0°C < T A < +70°C for LM710C unless 
otherwise specified. The input offset voltage and input offset current (see definitions) are specified for a logic threshold voltage of 1.8V at -55° C, 
1 .4V at 25° C, and IV at 125°Cfor LM710 and 1.5VatO°C, 1.4V at 25°C and 1.2V at 70°C for LM710C. 

Note 4: The response time specified (see definitions) is a 100 mV input step with 5 mV overdrive (LM710) or a 10 mV overdrive (LM710C). 
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National 

Semiconductor 


Voltage Comparators 


LM711/LM711C Dual Comparator 


General Description 

The LM7 1 1 series contains two voltage comparators 
with separate differential inputs, a common out- 
put and provision for strobing each side indepen- 
dently. Similar to the LM710, the device features 
low offset and thermal drift, a large input voltage 
range, low power consumption, fast recovery from 
large overloads and compatibility with most inte- 
grated logic circuits. 

With the addition of an external resistor network, 
the LM711 series can be used as a sense amplifier 
for core memories. The input thresholding, com- 
bined with the high gain of the comparator, 
eliminates many of the inaccuracies encountered 


with conventional sense amplifier designs. Further, 
it has the speed and accuracy needed for reliably 
detecting the outputs of cores as small as 20 mils. 


The LM711 series are also useful in other applica- 
tions where a dual comparator with OR'ed outputs 
is required, such as a double-ended limit detector. 
By using common circuitry for both halves, the 
device can provide high speed with lower power 
dissipation than two single comparators. The 
LM7 1 1 C is the commercial/industrial version of the 
LM711. With operation specified over a 0°C to 
+70°C temperature range. 


Schematic** and Connection Diagrams 


STROBE STROBE 



Typical Applications * 

Sense Amplifier With Supply Strobing 
for Reduced Power Consumption* 


Metal Can Package 



Order Number LM71 1H or LM71 1CH 
See NS Package H10C 


Dual-In-Line Package 


(-)INPUT'A' 2 
(♦I INPUT "A ' 3 

-V cc (SUPPLY) 4 
(♦) INPUT "8" 5 

|-| INPUT "B" 6 


U 




TOP VIEW 

Order Number LM711CN 
See NS Package N14A 



Double-Ended Limit Detector 
With Lamp Driver 



**Pin connections shown are for metal can. 
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LM711/LM711C 


Absolute Maximum Ratings 








Positive Supply Voltage 

+14V 

Operating Temperature Range 


Tmin Tmax 

Negative Supply Voltage 

— 7V 

LM711 




-55°C to +125°C 

Peak Output Current 

25 mA 

LM711C 




0°C to +70° C 

Differential Input Voltage 

±5V 

Storage Temperature Range 


-65°C to +150°C 

Input Voltage 

±7V 

Lead Temperature (Soldering, 10 seconds) 

300° C 

Strobe Voltage 

0 to +6V 








Internal Power Dissipation (Note 1) 300 mW 








Electrical Characteristics (These specifications apply for Ta = 

25°C, V 

+ = 12V, V =- 

6V) 



PARAMETER 

CONDITIONS (Note 2) 

LM711 

LM711C 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 




Input Offset Voltage 

R S < 200ft, Vcm = 0 


1.0 

3.5 


1.0 

5.0 

mV 


R S < 200ft, -5V < Vcm < + 5V 


1.0 

5.0 


1.0 

7.5 

mV 

Input Offset Current 



0.5 

10.0 


0.5 

15 


Input Bias Current 



25 

75 


25 

100 

IjlA 

Voltage Gain 


750 

1500 


700 

1500 



Response Time (Note 3) 



40 



40 


ns 

Strobe Release Time 



12 



12 


ns 

Input Voltage Range 

V" = 7V 

±5.0 



±5.0 



V 

Differential Input Voltage 
Range 


±5.0 



±5.0 



V 

Output Resistance 



200 



200 


ft 

Positive Output Level 

V| N > 10 mV 


4.5 

5.0 


4.5 

5.0 

V 

Loaded Positive Output Level 

V|N > 10 mV, loUT = ~ 5 mA 

2.5 

3.5 


2.5 

3.5 


V 

Negative Output Level 

V i (\j < -10 mV 

-1.0 


0 

-1.0 

-0.5 

0 

V 

Strobed Output Level 

VSTROBE<0.3V 

-1.0 


0 

-1.0 


0 

V 

Output Sink Current 

V|N <-10 mV, V O UT>0 

0.5 

0.8 


0.5 

0.8 


mA 

Strobe Current 

VSTROBE = 100 mV 


1.2 

2.5 


1.2 

2.5 

mA 

Positive Supply Current 

V|N < -10 mV 


8.6 



8.6 


mA 

Negative Supply Current 



3.9 



3.9 


mA 

Power Consumption 



130 

200 


130 

230 

mW 

The following specifications apply for T|^|i\| < Ty\ <T|\/i/\x : 

Input Offset Voltage 

R S < 200ft, V C M = o 



4.5 



6.0 

mV 


R S < 200ft 



6.0 



10 

mV 

Input Offset Current 




20 



25 

/iA 

Input Bias Current 




150 



150 

MA 

Average Temperature 
Coefficient of Input 

Offset Voltage 

Voltage Gain 


500 

5.0 


500 

5.0 


juV/°C 

Note 1: Rating applies for case temperatures to 125°C; derate linearly at 5.6 mW/°C for ambient temperatures above 105°C. 



Note 2: The input offset voltage and input offset current (see definitions) 

are specified for a logic threshold voltage of 1.8V at -55° C, 1.4V at 

25° C, and IV at 125°C. 









Note 3: The response time specified is for a 100 mV input step with 5 mV overdrive (see definitions). 
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LM1514/LM1414 



National 

Semiconductor 


Voltage Comparators 


LM1514/LM1414 Dual Differential Voltage Comparator 


General Description 

The LM1514/LM1414 is a dual differential voltage 
comparator intended for applications requiring 
high accuracy and fast response times. The device 
is constructed on a single monolithic silicon chip. 

The LM1514/LM1414 is useful as a variable thresh- 
old Schmitt trigger, a pulse height discriminator, 
a voltage comparator in high-speed A-D converters, 
a memory sense amplifier or a high noise immunity 
line receiver. The output of the comparator is 
compatible with all integrated logic forms. The 
LM 1 5 1 4/ LM 1 41 4 meet or exceed the specifications 
for the MC1514/MC1414 and are pin-for-pin re- 
placements. The LM1514 is available in the ceramic 
dual-in-line package. The LM1414 is available in 
either the ceramic or molded dual-in-line package. 


The LM1514 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM1414 is specified for operation over the 0°C 
to +70°C temperature range. 

Features 

■ Two totally separate comparators per package 

■ Independent strobe capability 

■ High speed 30 ns typ 

■ Low input offset voltage and current 

■ High output sink current over temperature 

■ Output compatible with TTL/DTL logic 

■ Molded or ceramic dual-in-line package 


Schematic and Connection Diagrams 



DuaMn-Line Package 



ror view 


Order Number LM1414J or LM1514J 
See NS Package J14A 
Order Number LM1414N 
See NS Package N14A 
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Absolute Maximum Ratings <Notep 








Positive Supply Voltage 



+14. 0V 





Negative Supply Voltage 



-7.0V 





Peak Output Current 



10 mA 





Differential Input Voltage 


±5.0V 






Input Voltage 



±7.0V 






i Power Dissipation (Note 2) 

600 mW 





Operating Temperature Range LM1514 ~55°C to +125°C 






LM1414 

0°C to +70°C 





Storage Temperature Range -65°C to +1 50°C 





Lead Temperature (Soldering, 10 seconds) 


300°C 





Electrical Characteristics for t a = 25°c, v* = +i 2 v, v 

/ 

= -6V, unless otherwise specif ied 



LM1514 

LM1414 




mcfli 

TYP 



TYP 


UNITS 

Input Offset Voltage 

R s <; 200ft. V CM = 0V. Vour = 1.4V 


0.6 

2.0 


1.0 

5.0 

mV 

Input Offset Current 

V C M = 0V. V OUT = 1.4V 


0.8 

30 


1.2 

5.0 

PA 

Input Bias Current 




20 



25 

/iA 

Voltage Gain 


1250 



1000 




Output Resistance 



200 



200 


ft 

Differential Input Voltage Range 


±5.0 



±5.0 



V 

Input Voltage Range 

V = -7.0V 

±5.0 



±5.0 



V 

Common Mode Rejection Ratio 

R s < 200ft, V' = -7.0V 

80 

100 


70 

100 


dB 

Positive Output Voltage 

V(n > 7 0 mV, 0 < l OUT <-5.0 mA 

2.5 

3.2 

4.0 

2.5 

3.2 

4.0 

V 

Negative Output Voltage 

> 

E 

o 

VI 

2 

> 

-1.0 

-0.5 

• 0 

-1.0 

-0.5 

0 

V 

Strobed Output Voltage 

V STROBE < 0,3V 

• -1.0 

-0.5 

0 

-1.0 

-0.5 

0 

V 

Strobe "0" Current 

^STROBE = 100 mV 


-1.2 

-2.5 


-1.2 

-2.5 

mA 

Positive Supply Current 

> 

E 

VI 

2 

> 



18 



18 

mA 

Negative Supply Current 

> 

E 

VI 

2 

> 



-14 



-14 

mA 

Power Consumption 



180 

300 


180 

300 

mW 

Response Time 

(Note 31 


30 



30 


ns 

LM1514/LM1414: The following apply farT L <^T A <T H (Note 4) unless otherwise specified 

Input Offset Voltage 

R s < 200ft, V OUT = 1.8V for T A = T L 



3.0 



6.5 

mV 


V CM -0V, V OUT = 1.0V for T a = T h 



3.0 



6.5 

mV 

Input Bias Cuirent 




45 



40 

pA 

Temperature Coefficient of 

Input Offset Voltage 



3.0 



5.0 


pV/°C 

Input Offset Current 

V CM = 0V, V 0UT = 1.8V, T a = T u 



, 7.0 



7.5 

pA 


V C m = 0V, V OU T = 1.0V. T a = T h 



3.0 



7.5 

pA 

Voltage Gain 


1000 



800 




Output Sink Current 

V| N <-9.0 mV, V OU T >0V 

2.8 

4.0 


1.6 

2.5 


mA 

Note 1: Voltage values are with respect to network ground terminal. Positive current is defined as current into the referenced 

pin. 









Note 2: LM1514 ceramic package: The maximum junction temperature is +150°C, for operating at elevated temperatures, 
devices must be derated linearly at 12.5 mW/°C. LM1414 ceramic package: The maximum junction temperature is +95°C for 
operating at elevated temperatures, devices must be derated linearly at 12.5 mW/°C. LM1414 molded package: The maximum 
junction temperature is +115°C, for operating at elevated temperatures, devices must be derated linearly at 6.7 mW/°C. 

Note 3: The response time specified (see definitions) for a 100 mV input step with 5 mV overdrive. 




Note 4: For LM1514, T L = -55°C, T H = +125°C. For LM1414, T l = 0°C, Th = 

+70°C. 
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Analog Switches 


Section Contents 

Analog Switches/Multiplexers Selection Guide 6-3 

Definition of Terms 6-4 

AH5009, AH5010, AH5011, AH5012 Monolithic Analog Current Switches 6-5 

LF11331/LF13331 4 Normally Open Switches With Disable 6-17 

LF1 1332/LF13332 4 Normally Closed Switches With Disable 6-17 

LF11333/LF13333 2 Normally Closed Switches and 2 Normally 

Open Switches With Disable / 6-17 

LF11201/LF13201 4 Normally Closed Switches 6-17 

LF11202/LF13202 4 Normally Open Switches 6-17 

LF11508/LF13508 8-Channel Analog Multiplexer 6-27 

LF11509/LF1 3509 4-Channel Differential Analog Multiplexer : 6-27 

Note. For additional information on analog switches, see National Semiconductor’s Hybrid Products Databook 
and FET Databook. 




QUAD SPST 


S9 


AH5011 

AH5012 

LF11201 

LF11202 

LF11331 

LF11332 

LF11333 

LF13201 

LF13202 

LF13331 

LF13332 

LF13333 

CD4066 

CD4016 


15V TTL, CMOS 

TTL, CMOS 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

CMOS 

CMOS 


150/300 ns 
150/300 ns 
90/500 ns 
90/500 ns 
90/500 ns 
90/500 ns 
90/500 ns 
90/500 ns 
90/500 ns 
90/500 ns 
90/500 ns 
90/500 ns 
50/50 ns 
20/20 ns 


TRIPLE SPDT 

280 

4-CHANNEL 
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Definition of Terms 



National 

Semiconductor 


Analog Switches 


Definition of Terms 

R on : Resistance between the output and the input of an 
addressed channel. 

Is: Current at any switch input. This is leakage current 
when the switch is ON. 

I D : Current at any switch input going into the switch. This 
is leakage current when the switch is OFF. 

C s : Capacitance between any open terminal “S” and 
ground. 

C D : Capacitance between any open terminal “D” and 
ground. 


I D -I S : Leakage current that flows from the closed switch 
into the body, This leakage is the difference between the 
current l D going into the switch and the current l s going 
out of the switch. 

t RAN : Delay time when switching from one address state 
to another. 

t 0N : Delay time between the 50% points of an enable in- 
put and the switch ON condition. 

t 0FF : Delay time between the 50% points of the enable in- 
put and the switch OFF condition. 
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Analog Switches 


National 
Semiconductor 

AH5009, AH5010, AH5011, AH5012 Monolithic Analog 


Current Switches 

General Description 

A versatile family of monolithic JFET analog switches 
economically fulfills a wide variety of multiplexing 
and analog switching applications. 

Even numbered switches may be driven directly from 
standard 5V logic, whereas the odd numbered switches 
are intended for applications utilizing 10V or 15V logic. 
The monolithic construction guarantees tight resistance 
match and track. 

Applications 

■ AD/DA converters 

■ Micropower converters 

■ Industrial controllers 

■ Position controllers 

■ Data acquisition 

■ Active filters 

■ Signal multiplexers/demultiplexers 


■ Multiple channel AGC 

■ Quad compressors/expanders 

■ Choppers/demodulators 

■ Programmable gain amplifiers 

■ High impedance voltage buffer 

■ Sample and hold 

For voltage switching applications see LF13331, LF13332, 
and LF13333 Analog Switch Family. 

Features 


■ Interfaces with standard TTL and CMOS 



"ON” resistance match 

2 ohms 


Low "ON” resistance 

100 ohms 


Very low leakage 

50 pA 


Large analog signal range 

±10V peak 


High switching speed 

150 ns 


Excellent isolation between 

80 dB 


channels 

at 1 kHz 


Connection and Schematic Diagrams 

Dual-1 n-Line Package 


Dual-ln-Line Package 



i 

14 

13 

i i2 

SB 

— 

11 

10 

m 

i 

11 

S3 


TOP VIEW 


LOGIC DRIVE 

4 CHANNEL 
MUX 

4 SPST 
SWITCHES 


AH5010CN 

AH5009CN 

AH5012CN 

AH5011CN 


AH5009C and AH5010C 


, — cr 

31 

16 

15 

* 14 

l 13 

5 

12 

■ 

mm 

i 

El 


TOP VIEW 


MUX Switches 
(4-Channel Version Shown) 

Order Number AH5009CN or 


AH5011C and AH5012C 
SPST Switches 
(Quad Version Shown) 


AH5010CN 

NS Package Number N14A 


COMPENSATING FET 



Order Number AH5011CN or 
AH5012CN 

NS Package Number N16A 



Note: All diode cathodes are internally connected to the substrate. 
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AH 5009, AH5010, AH5011, AH5012 


Absolute Maximum Ratings 




Input Voltage 





AH5009/AH5010/AH501 1/AH5012 

30V 




Positive Analog Signal Voltage 

30V 




Negative Analog Signal Voltage 

-15 V 




Diode Current 

10 mA 




Drain Current 

30 mA 




Power Dissipation 

500 mW 




Operating Temperature Range 

-25°C to +85°C 




Storage Temperature Range 

-65° C to +150°C 




Lead Temperature (Soldering, 10 seconds) 

300°C 




Electrical Characteristics 





AH5010 and AH5012 (Notes 1 and 2) 





PARAMETER 

CONDITIONS 

TYP 

MAX 

UNITS 

Igsx Input Current "OFF" 

4.5V < V GD < 1 1 V, V SD = 0.7V 

0.01 

0.2 

nA 


T a = 85°C 


10 

nA 

^d(off) Leakage Current "OFF" 

V SD = 0.7V, V GS = 3.8V 

0.01 

0.2 

nA 


T a = 85°C 


10 

nA 

Ig(on) Leakage Current "ON" 

V GD =0V, l s = 1mA 

0.08 

1 

nA 


T a = 85° C 


200 

nA 

•g(on) Leakage Current "ON" 

V GD =0V, l s = 2 mA 

0.13 

5 

nA 


T a = 85°C 


10 

juA 

•g(on) Leakage Current "ON" 

V G d = 0V » Is = mA 

0.1 

10 

nA 


T a = 85°C 


20 

/iA 

r ds(on) Drain-Source Resistance 

V GS = 0.35V, l s = 2 mA 

90 

150 

n 


T a = +85° C 


240 

a 

V diode Forward Diode Drop , 

1 D = 0.5 mA 


0.8 

V 

r DS(oN) Match 

V cs = 0, l G = 1 m A 

4 

20 

n 

T 0 n Turn "ON" Time 

See ac Test Circuit 

150 

500 

ns 

T off Turn "OFF" Time 

See ac Test Circuit 

300 

500 

ns 

CT Cross Talk 

See ac Test Circuit 

120 


dB 

Note 1: Test conditions 25°C unless otherwise noted. 

Note 2: "OFF" and "ON” notation refers to the conduction state of the FET switch. 
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Electrical Characteristics 



AH5009, AH5010, AH5011, AH5012 















Typical Performance Characteristics 



Leakage Current, Id(OFF) 
vs Temperature 



25 35 45 55 65 75 85 

TEMPERATURE (°C) 



25 35 45 55 65 75 85 

TEMPERATURE {°C) 



Leakage Current vs 
Drain-Gate Voltage 


Transconductance vs 
Drain Current 



0 5.0 10 15 20 

DRAIN GATE VOLTAGE (V) 



-0.1 -1.0 -10 
DRAIN CURRENT (mA) 


Drain Current vs Bias 
Voltage 



0 1.0 2.0 , 3.0 

GATE-SOURCE VOLTAGE (V) 


Normalized Drain 
Resistance vs Bias 
Voltage 



0 0.2 0.4 0.6 0.8 1.0 

IVgs/V gs( o,:f>I- NORMALIZED GATE- 
TO-SOURCE VOLTAGE (V) 
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AH 5009, AH5010, AH5011, AH5012 


Applications Information 

Theory of Operation 

The AH series of analog switches are primarily intended 
for operation in current mode switch applications; i.e., 
the drains of the FET switch are held at or near ground 
by operating into the summing junction of an opera- 
tional amplifier. Limiting the drain voltage to under a 
few hundred millivolts. eliminates the need for a special 
gate driver, allowing the switches to be driven directly 
by standard TTL (AH5010), 5V-10V CMOS (AH5010), 
open collector 15V TTL/CMOS (AH5009). 

Two basic switch configurations are available: 4 inde- 
pendent switches (SPST) and 4 pole switches used for 
multiplexing. (4 PST-MUX). The MUX versions such as 
the AH5009 offer common drains and include a series 
FET operated at V GS = 0V. The additional FET is 
placed in the feedback path in order to compensate for 
the "ON" resistance of the switch FET as shown in 
Figure 1. 

The closed-loop gain of Figure 1 is: 

R2 + r DS(0 N)Q2 

A vcl _ - — 

R1 + r DS(ON)Q1 

For R1 = R2, gain accuracy is determined by the 
r DS(ON) match between Q1 and Q2. Typical match 
between Q1 and Q2 is 4 ohms resulting in a gain 
accuracy of 0.05% (for R1 = R2 = 10 k£2). 

Noise Immunity 

The switches with the source diodes grounded exhibit 
improved noise immunity for positive analog signals in 


the "OFF" state. With V IN = 15V and the V A = 10V, 
the source of Q1 is clamped to about 0.7V by the diode 
(V GS = 14.3V) ensuring that ac signals imposed on the 
10V will not gate the FET "ON." 

Selection of Gain Setting Resistors 

Since the AH series of analog switches are operated 
current mode, it is generally advisable to make the signal 
current as large as possible. However, current through 
the FET switch tends to forward bias the source to gate 
junction and the signal shunting diode resulting in 
leakage through these junctions. As shown in Figure 2, 
I G (on) represents a finite error in the current reaching 
the summing junction of the op amp. 

Secondly, the r DS ( 0 N) °f the FET begins to "round" as 
l s approaches l Dss . A practical rule of thumb is to 
maintain l s at less than 1/10 of l DSS . 

Combining the criteria from the above discussion yields: 


whichever is larger. 


COMPENSATION 

FET 


ANALOG v 
INPUT A 



FIGURE 1. Use of Compensation FET 


V A =+10V 



FIGURE 2. On Leakage Current, Iq(ON) 
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Applications Information (Continued) 


Where: V A ( MAX ) 


Peak amplitude of the analog 
input signal 

Desired accuracy 
Leakage at a given l s 
Saturation current of the FET 
switch 


In a typical application, V A might = ±10V, A D = 0.1%, 
0°C < T a < 85°C. The criterion of equation (2b) 
predicts: 


For R1 = 5k, l s = 10V/5k or 2 mA, The electrical 
characteristics guarantee an Iq(on) < IjuA at 85°C for 
the AH5010. Per the criterion of equation (2a): 

(10V)(1CT 3 ) 

RI(min) > ~~Iq ■ > 10 k^2 


Since equation (2a) predicts a higher value, the 10k 
resistor should be used. 

The "OFF" condition of the FET also affects gain 
accuracy. As shown in Figure 3, the leakage across Q2, 
l D ( OFF ) represents a finite error in the current arriving 
at the summing junction of the op amp. 


Accordingly: 


Where: V A(MIN) = Minimum value for the analog 
input signal 

A d = Desired accuracy 

N = Number of channels 

•d(off) = "OFF" leakage of a given FET 
switch 

As an example, if N = 10, A D = 0.1%, and I D (off) 
< 10 nA at 85°C for the AH5009. RI(maX) > s: 

„ (ivhkt 3 ) 

RI(max) ^ ZcT ~ 10k 

( A * “ (10)00 X 10" 9 ) 

Selection of R2, of course, depends on the gain desired 
and for unity gain R1 = R2. 

Lastly, the foregoing discussion has ignored resistor 
tolerances, input bias current and offset voltage of the 
op amp— all of which should be considered in setting the 
overall gain accuracy of the circuit. 

TTL Compatibility 

Two input logic drive versions of AH series are avail- 
able: the even numbered part types are specified to be 
driven from standard 5V TTL logic and the odd num- 
bered types from 15V open collector TTL. 


D = 'S + 'D(OFF) 
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AH 5009, AH 5010, AH501T, AH5012 


Applications Information (Continued) 


Standard TTL gates pull-up to about 3.5V (no load). 
In order to ensure turn-off of the even numbered switches 
such as AH5010, a pull-up resistor, R EXT , of at least 
10 k£2 should be placed between the 5V V cc and the 
gate output as shown in Figure 4. 

Likewise, the open-collector, high voltage TTL outputs 
should use a pull-up resistor as shown in Figure 5. In 


both cases, t( 0 FF) improved for lower values of R EX j 
at the expense of power dissipation in the low state. 

Definition of Terms 

The terms referred to in the electrical characteristics 
tables are as defined in Figure 6. 


ANALOG 


INPUT (V A ) 



ANALOG 

OUTPUT 
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Applications Information (Continued) 


Rds(on) COMPENSATING 
ELEMENT 



Typical Applications 


De-Glitched Switch for Noiseless Audio Switching 


OFF 
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AH5009, AH5010, AH5011, AH5012 


Typical Applications (Continued) 


3-Channel Multiplexer with Sample and Hold 




SELECT 

8-Bit Binary (BCD) Multiplying D/A Converter* 
12.5k I 1 
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National 

Semiconductor 


Quad SPST JFET Analog Switches 


Analog Switches 



BI-FET Technology 


LF11331/LF13331 4 Normally Open Switches with Disable 
LF11332/LF13332 4 Normally Closed Switches with Disable 

LF11333/LF13333 2 Normally Closed Switches and 2 Normally Open Switches with Disable 
LF11201/LF13201 4 Normally Closed Switches 
LF11202/LF13202 4 Normally Open Switches 


General Description 

These devices are a monolithic combination of bipolar 
and JFET technology producing the industry's first 
one chip quad JFET switch. A unique circuit technique 
is employed to maintain a constant resistance over the 
analog voltage range of ±10V. The input is designed to 
operate from minimum TTL levels, and switch operation 
also ensures a break-before-make action. 

Features 

■ Analog signals are not loaded 

■ Constant "ON" resistance for signals up to ±10V and 
100 kHz 

■ Pin compatible with CMOS switches with the advan- 
tage of blow out free handling 


■ Small signal analog signals to 50 MHz 

■ Break-before-make action tOFF^^ON 

■ High open switch isolation at 1 .0 MHz -50 dB 

■ Low leakage in "OFF" state <1.0 nA 

■ TTL, DTL, RTL compatibility 

■ Single disable pin opens all switches in package on 
LF11331, LF11332, LF11333' 

■ LF1 1201 is pin compatible with DG201 

These devices operate from ±15V supplies and swing a 
±10V analog signal. The JFET switches are designed for 
applications where a dc to medium frequency analog 
signal needs to be controlled. 


Connection Diagrams 

LF1 1331/LF13331 


(Dual-In-Line Packages) (All Switches Shown are For Logical "0" 


LF1 1332/LF 13332 


LF1 1333/LF13333 


IN, 04 S4 DISABLE *V C c S3 D3 IN 3 
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f 
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L 
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f 
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IN, D 

[2 
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3 ,4 |* 

1 v„ -V EE s 

1 

2 0 

7 i 8 

2 IN, 


TOP VIEW 


IN, 04 

1 16 15 

S4 DISABLE + V CC S3 

1 14 1 13 1 12 ill 

03 IN 3 

I10 |b 

tt 



P 

tf 



Tt 

IN, 01 

TTTT 

SI V R -V EE S2 

D2 IN, 


TOP VIEW 


IN, 04 S4 0ISAGLE *V tc S3 D3 IN 3 


1 16 15 

tf 

14 1 13 | 12 

I 1 1 * I s 

11 

J 

■7 

1 

) 

1 

IN, 01 

SI V R -v fE s 

2 0 

7 |i 

2 IN, 


TOP VIEW 


LF1 1201/LF13201 



Order Number LF11201D, 
LF13201D, LF11202D, 
LF13202D, LF11331D, 
LF13331D, LF11332D, 
LF13332D, LF11333D, 
or LF13333D 
See NS Package D16C 


Order Number LF13201N, 
LF13202N, LF13331N, LF13332N, 
or LF13333N 
See NS Package N16A 


LF1 1202/LF13202 


IN, 0 

b® 

15 

♦V cc NC 

14 i« 1*2 

3 
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f. 
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f 

L 
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7 

J 
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i’ 
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2 

1 s 

k 1* i s 

1 -V EE V„ s 

6 

2 D 

7 |. 

2 IN, 


TOP VIEW 
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LF11331, LF11332, LF11333, 
LF11201, LF11202 Series 



LF11331, LF11332, LF11333, 
LF11201, LF11202 Series 


Absolute Maximum Ratings 

Positive Supply - Negative Supply (V CC -V EE ) 36V 

Reference Voltage V EE V R < V cc 

Logic Input Voltage V R -4.0V V| N <, V R +6.0V 

Analog Voltage V EE ^ V A ^ V cc +6V; V A ^ V EE +36V 

Analog Current 1 1 A |< 20 m A 

Power Dissipation (Note 1) 

Molded DIP (N Suffix) 500 mW 

Cavity DIP (D Suffix) 900 mW 


Operating Temperature Range 

LF1 1 201 , 2 and LF11331 f 2,3 
LF 13201, 2 and LF13331,2, 3 
Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 


-55°C to +1 25°C 
0°C to +70°C 
-65°C to +1 50° C 
300°C 


Electrical Characteristics (Note 2 ) 


SYMBOL 

PARAMETER 

CONDITIONS 

LF1 1331/2/3 

LF1 1201/2 

LF13331/2/3 

LF 13201/2 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Ron 

"ON" Resistance 

V A =0, l D = 1 mA 

T a = 25°C 


150 

200 


150 

250 

a 






200 

300 


200 

350 

a 

R on Match 

"ON" Resistance Matching 


T a = 25°C 


5 

20 


10 

50 

n 

V A 

Analog Range 



±10 

±11 


±10 

±11 


V • 

•s(ON) + 

Leakage Current in "ON" Condition 

Switch "ON," V s = V D = ±10V 

T a = 25°C 


0.3 

5 


0.3 

10 

nA 

•d(ON) 





3 

100 


3 

30 

nA 

•s(OFF) 

Source Current in "OFF" Condition 

Switch "OFF." V s = +10V, 

T a = 25° C 


0.4 

5 


0.4 

10 

nA 



V D =-iov 



3 

100 


3 

30 

nA 

•d(OFF) 

Drain Current in "OFF" Condition 

Switch "OFF," V s = +10V,. 

T a = 25°C 


0.1 

5 


0,1 

10 

nA 


' 

V D =-10V 



3 

100 


3 

30 

nA 

V,NH 

Logical "1" Input Voltage 



2.0 



2.0 



V 

V.nl 

Logical "0" Input Voltage 





0.8 



0.8 

V 

•iNH 

Logical "1" Input Current 

V IN - 5V 

T a = 25° C 


3.6. 

10 


3.6 

40 

pA 







25 



100 

pA 

l|NL 

Logical "0" Input Current 

V IN = 0.8 

T a = 25° C 



0.1 



0.1 

/iA 







1 



1 

iuA 

toN 

Delay Time "ON” 

V s = ±10V, (Figure 3) 

T a = 25 J C 


500 



500 


ns 

toFF 

Delay Time "OFF" 

V s = ±10V, (Figure 3) 

T a = 25° C 


90 



90 


ns 

f ON - toFF 

Break-Before-Make 

V s =±10V, (Figure 3) 

T a = 25'C 


80 



80 , 


ns 

c s(OFF) 

Source Capacitance 

Switch "OFF," V s = ±10V 

T a = 25° C 


4.0 



4.0 


pF 

Cd(OFF) 

Drain Capacitance 

Switch "OFF," V D = ±10V 

T a = 25°C 


3.0 



3,0 


PF 

Cs(OfM) + 

Active Source and Drain Capacitance 

Switch "ON," V s = V D = OV 

T a = 25° C 


5.0 



5.0 


pF 

Cd(on) 











IsO(OFF) 

"OFF" Isolation 

(Figure 4 ), (Note 3) 

T a = 25°C 


-50 



-50 


dB 

CT 

Crosstalk 

(Figure 4 ), (Note 3) 

T a - 25 'C 


-65 



-65 


dB 

SR 

Analog Slew Rate 

(Note 4) 

T a = 25° C 


50 



50 


V/jus 

•ois 

Disable Current 

(Figure 5 ), (Note 5) 

T a = 25° C 


0.4 

1.0 


0.6 

1.5 

mA 






0,6 



0.9 

2.3 

mA 

« EE 

Negative Supply Current 

All Switches "OFF," V s = ±10V 

T a = 25°C 


3.0 

5.0 


4.3 

7.0 

mA 






4.2 

7.5 


6.0 

10.5 

mA 

•n 

Reference Supply Current 

All Switches "OFF," V s = ±10V 

T a = 25° C 


2.0 

4.0 


2.7 

50 

mA 






2.8 

6.0 


3.8 

7.5 

mA 

•cc 

Positive Supply Current 

All Switches "OFF," V s = ±10V 

T a = 25°C 


4.5 

6.0 


7.0 

9.0 

mA 


, 




6.3 

9.0 


9.8 

13.5 

mA 


Note 1: For operating at high temperature the molded DIP products must be derated based on a +100°C maximum junction temperature and a 
thermal resistance of +150° C/W, devices in the cavity DIP are based on a +150°C maximum junction temperature and are derated at +100° C/W. 
Note 2: Unless otherwise specified, Vqq = +15V, Vee = -15V,Vr = 0V, and limits apply for — 55° C < T^ < +1 25°C for the LF1 1 331 , 2, 3 and 
the LF11202, 2,-25°C < T/\ < +85°C for the LF13331, 2, 3 and the LF13201, 2. 

Note 3: These parameters are limited by the pin to pin capacitance of the package. 

Note 4: This is the analog signal slew rate above which the signal is distorted as a result of finite internal slew rates. 

Note 5: All switches in the device are turned "OFF" by saturating a transistor at the disable node as shown in Figure 5. The delay times will be 
approximately equal to the tQN or toFF P ,us the delay introduced by the external transistor. 

Note 6: This graph indicates the analog current at which 1% of the analog current is lost when the drain is positive with respect to the source. 
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LF11331, LF11332, LF11333, 
LF11201, LF11202 Series 










LF11331, LF11332, LF11333, 
LF11201, LF11202 Series 


Typical Performance Characteristics 



-10 - 6.0 - 2.0 2.0 6.0 10 





TEMPERATURE ( C) 


ANALOG CURRENT (mA) 


V A (VOLTS) 


Switching Times 


Crosstalk and "OFF" Isolation 
vs Frequency Using Test Circuit 
of Figure 5 




Supply Current 


V A = 
ALLS 

V EE + 5. 
WITCHE 

OV 

SOFF 









POSITIVE dec) 



NEGATIVE fl E 

e) 

r— ” 


1— - 

EL 


REFERENCE 

1 1 

Ir> 



0 5.0 10 15 20 25 

SUPPLY VOLTAGE ( V) 


Supply Current 



-100 50 0 50 100 150 


TEMPERATURE ( C) 


Supply Current Switch Leakage Currents 



Switch Leakage Current 



10 6 0 2 0 2.0 6.0 10 
V A (VOLTS) 


Switch Capacitances 

10 

8.0 

6.0 

4.0 

2.0 

10 6 0 2 . 0 , 2.0 6.0 10 
V A (VOLTS) 












c 5 

6s ion ) 

Coion 

L, 



— j 

td 

r~ 


;ioffi 

M 



■ 


Cnincn 





Vcc 

V EE 

= 15V 

= 15V 


Slew Rate of Analog Voltage 
Above Which Signal Loading 

Occurs Small Signal Response 


Maximum Accurate Analog 

Current vs Temperature Logical "1" Input Bias Current 



TEMPERATURE ( C) 


FREQUENCY (Hr) 


TEMPERATURE ( C) 


TEMPERATURE ( 0 
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Application Hints 


GENERAL INFORMATION 

These devices are monolithic quad JFET analog switches 
with "ON" resistances which are essentially independent 
of analog voltage or analog current. The leakage currents 
are typically less than 1 nA at 25°C in both the "OFF" 
and "ON" switch states and introduce negligible errors 
in most applications. Each switch is controlled by mini- 
mum TTL logic levels at its input and is designed to turn 
"OFF" faster than it will turn "ON." This prevents two 
analog sources from being transiently connected together 
during switching. The switches were designed for appli- 
cations which require break-before-make action, no 
analog current loss, medium speed switching times and 
moderate analog currents. 

Because these analog switches are JFET rather than 
CMOS , they do not require special handling. 

LOGIC INPUTS 

The logic input (IN), of each switch, is referenced to two 
forward diode drops (1.4V at 25°C) from the reference 
supply ( V R ) which makes it compatible with DTL, RTL, 
and TTL logic families. For normal operation, the logic 
"0" voltage can range from 0.8V to -4.0V with respect 
to V R and the logic "1" voltage can range from 2.0V to 
6.0V with respect to V R , provided V, N is not greater 
than (V cc - 2.5V). If the input voltage is greater than 
(V C c ~ 2.5V), the input current will increase. If the 
input voltage exceeds 6.0V or -4.0V with respect to 
V R , a resistor in series with the input should be used to 
limit the input current to less than 100juA. 

ANALOG VOLTAGE AND CURRENT 
Analog Voltage 

Each switch has a constant "ON" resistance (Ron) for 
analog voltages from (V EE + 5V) to (V CC ~5V). For 
analog voltages greater than (V cc - 5V), the switch will 
remain ON independent of the logic input voltage. For 
analog voltages less than (V EE + 5V), the ON resistance 
of the switch will increase. Although the switch will not 
operate normally when the analog voltage is out of the 
previously mentioned range, the source voltage can go to 
either (V EE + 36V) or (V CC + 6V), whichever is more 
positive, and can go as negative as V EE without destruc- 
tion. The drain (D), voltage can also go to either 
(V EE + 36V) or (V cc + 6V), whichever is more posi- 
tive, and can go as negative as (V cc - 36V) without 
destruction. 

Analog Current 

With the source (S) positive with respect to the drain 
(D), the Rqn is constant for low analog currents, but 
will increase at higher currents (>5 mA) when the FET 
enters the saturation region. However, if the drain is 
positive with respect to the source and a small analog 
current loss at high analog currents (Note 6) is tolerable, 
a low Rqn can be maintained for analog currents greater 
than 5 mA at 25°C. 


LEAKAGE CURRENTS 

The drain and source leakage currents, in both the ON 
and the OFF states of each switch, are typically less than 
1 nA at 25°C and less than 100 nA at 125°C. As shown 
in the typical curves, these leakage currents are depend- 
ent on power supply voltages, analog voltage, analog cur- 
rent and the source to drain voltage. 

DELAY TIMES 

The delay time OFF (t 0 FF) > s essentially independent of 
both the analog voltage and temperature. The delay time 
ON (t 0 N) will decrease as either (V CC -V A ) decreases 
or the temperature decreases. 

POWER SUPPLIES 

The voltage between the positive supply (V cc ) and 
either the negative supply (V EE ) or the reference supply 
( V R ) can be as much as 36V. To accommodate varia- 
tions in input logic reference voltages, V R can range 
from V EE to (V CC -4.5V). Care should be taken to 
ensure that the power supply leads for the device never 
become reversed in polarity or that the device is never 
inadvertantly installed backwards in a test socket. If one 
of these conditions occurs, the supplies would zener an 
interal diode to an unlimited current; and result in a 
destroyed device. 

SWITCHING TRANSIENTS 

When a switch is turned OFF or ON, transients will 
appear at the load due to the internal transient voltage at 
the gate of the switch JFET being coupled to the drain 
and source by the junction capacitances of the JFET. 
The magnitude of these transients is dependent on the 
load. A lower value R L produces a lower transient volt- 
age. A negative transient occurs during the delay time 
ON, while a positive transient occurs during the delay 
time OFF. These transients are relatively small when 
compared to faster switch families. 

DISABLE NODE 

This node can be used, as shown in Figure 5, to turn all 
the switches in the unit off independent of logic inputs. 
Normally, the node floats freely at an internal diode 
drop 0.7V) above V R . When the external transistor in 
Figure 5 is saturated, the node is pulled very close to V R 
and the unit is disabled. Typically, the current from the 
node will be less than 1 mA. This feature is not availa- 
ble on the LF11201 or LF11202 series. 


+v cc 
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LF11331, LF11332, LF11333, 
LF11201, LF11202 Series 
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LF11331, LF11332, LF11333, 
LF11201, LF11202 Series 
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LF11331, LF11332, LF11333, 
LF11201, LF11202 Series 











Typical Applications (Continued) 


DSB Modulator-Demodulator 

_n_ “lt I _n_ "lt 




National 

Semiconductor 


Analog Switches 



BI-FET Technology 


LF11508/LF13508 8-Channel Analog Multiplexer 
LF11509/LF13509 4-Channel Differential Analog Multiplexer 

General Description 


The LF1 1508/LF13508 is an 8-channel analog multi- c 

plexer which connects the output to 1 of the 8 analog i 

inputs depending on the state of a 3-bit binary address. f 

An enable control allows disconnecting the output, v 

thereby providing a package select function. 

I 

This device is fabricated with National's BI-FET tech- 
nology which provides ion-implanted JFETs for the 
analog switch on the same chip as the bipolar decode 
and switch drive circuitry. This technology makes 
possible low constant "ON" resistance with analog 
input voltage variations. This device does not suffer 
from latch-up problems or static charge blow-out 
problems associated with similar CMOS parts. The 
digital inputs are designed to operate from both TTL 
and CMOS levels while always providing a definite 
break-before-make action. 

The LF1 1509/LF13509 is a 4-channel differential analog 
multiplexer. A 2-bit binary address will connect a pair ■ 

Functional Diagrams and Truth Tables 


LF1 1508/LF13508 


of independent analog inputs to one of any 4 pairs of 
independent analog outputs. The device has all the 
features of the LF11508 series and should be used 
whenever differential analog inputs are required. 

Features 

■ JFET switches rather than CMOS 

■ No static discharge blow-out problem 
a No SCR latch-up problems 

■ Analog signal range 1 1V, —15V 

■ Constant "ON" resistance for analog signals between 
— 1 1V and 1 1 V 

■ "ON" resistance 380 Q typ 

■ Digital inputs compatible with TTL and CMOS 

■ Output enable control 

■ Break-before-make action: tOFF = 0-2 jus; tON = 
2 jus typ 

■ Lower leakage devices available 
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LF1 1509/LF13509 
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L 

L 

SI 

H 
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LF1 1 508/LF1 3508, LF11509/LF13509 


Absolute Maximum Ratings 



L F1 1508, 

LF13508, 


LF11509 

L FI 3509 

Positive Supply — Negative Supply (V^C ~ V EE) 

36V 

36V 

Positive Analog Input Voltage (Note 1) 

V CC 

V CC 

Negative Analog Input Voltage (Note 1) 

-Vee 

-v E e 

Positive Digital Input Voltage 

V CC 

V CC 

Negative Digital Input Voltage 

— 5V 

— 5V 

Analog Switch Current 

|I S I< 10 mA 

ll$l < 10mA 

Power Dissipation (Pp at 25° C) and Thermal 



Resistance (0 ja>, (Note 2) 



Molded DIP (N) P D 

- 

500 mW 

0 J*A 

- 

1 50° C/W 

Cavity DIP (D) Pp 

900 mW 

900 mW 

°jA 

100°C/W 

100° C/W 

Maximum Junction Temperature (TjMAx) 

150°C 

100°C 

Operating Temperature Range 

-55°C<T A <+125°C 

0°C<T A <+70°C 

Storage Temperature Range 

-65° C to +1 50° C 

— 65°C to +150°C 

Lead Temperature (Soldering, 60 seconds) 

300° C 

300° C 


Electrical Characteristics (Note 3) 


SYMBOL 

PARAMETER 

CONDITIONS 

LF11508, LF11509 

LF 13508, LF13509 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Ron 

"ON” Resistance 

v OUT = 0V, Is = 100 /jlA 

T A = 25°C 


380 

500 


380 

650 

n 



600 

750 


500 

850 

i « 

ARon 

ARon with Analog Voltage 
Swing 

-10V < VquT < +10V, Is = 100 juA 

T A = 25° C 


0.01 

1 


0.01 

1 

% 

RON Match 

RON Match Between Switches 

VOUT = OV,I S = 100juA 

T A = 25° C 


20 

100 


20 

150 

n 

'S(OFF) i 

Source Current in "OFF" 

Condition 

Switch "OFF". Vs = 1 1 , Vq = -1 1, 
(Note 4) 

T A = 25° C 



1 



5 

nA 



10 

50 


0.09 

50 

| nA 

ID(OFF) 

Drain Current in "OFF” 

Condition 

Switch "OFF", Vs = 1 1 , Vq = —1 1 , 
(Note 4) 

T A = 25° C 



10 



20 

nA 



25 

500 


0.6 

500 

nA 

lD(0N) 

Leakage Current in "ON" 

Condition 

Switch "ON" Vq= 11V, (Note 4) 

T A = 25°C 



10 



20 

nA 



35 

500 


1 

500 

nA 

V|NH 

Digital "1" Input Voltage 



2.0 



2.0 



V 

V|NL 

Digital "0" Input Voltage 





0.7 



0.7 

V 

'INL 

Digital "0" Input Current 

V||\| = 0.7V 

T A = 25° C 


1.5 

20 


1.5 

30 

juA 




40 



40 

HA 

l|NL(EN) 

Digital "0" Enable Current 

Ven = 0.7V 

T A = 25° C 


1.2 

20 


1.2 

30 

HA 




40 



40 

HA 

tTRAN 

Switching Time of Multiplexer 

( Figure 1), (Note 5) 

Ta = 25° C 


2.0 

3 


1.8 


MS 

tOPEN | 

Break-Before-Make 

(Figure 3) 

Ta = 25° C 


1.6 



1.6 


MS 

tON(EN)' 

Enable Delay "ON" 

(Figure 2) 

T A = 25°C 


1.6 



1.6 


MS 

tOFF(EN) 

Enable Delay "OFF" 

(Figure 2) 

T A = 25°C 


0.2 



0.2 


MS 

ISO(OFF) 

"OFF" Isolation 

(Note 6) 

T A = 25° C 


-66 



-66 

, 

dB 

CT 

Crosstalk 

LF1 1509 Series, (Note 6) 

Ta = 25°C 





-66 


dB 

CS(OFF) 

Source Capacitance ("OFF") 

Switch "OFF", VoUT = 0V, 

V S = 0V 

Ta = 25°C 


H 



2.2 


pF 

CD(OFF) 

Drain Capacitance ("OFF") 

Switch "OFF", VoUT = 0V, 

Vs = OV 

Ta = 25° C 





11.4 


pF 

•cc 

Positive Supply Current 

All Digital Inputs Grounded 

T A = 25°C 


e5 

mm 


7.4 

12 

mA 



9.2 

mm 


7.9 

15 

mA 

lEE 

Negative Supply Current 

All Digital Inputs Grounded 

T A = 25° C 


2.7 

ta 


m 

5 

mA 



2.9 

\ s - 5 


1 28 

6 

mA. 
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Notes 


Note 1 : If the analog input voltage exceeds this limit, the input current should be limited to (ess than 1 0 mA. 

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by TjMAX' e \A> and the 
ambient temperature, T/\- The maximum available power dissipation at any temperature is Pq= (Tjiyjax — Ta^A or t ^ ie 25°C PoMAX' which- 
ever is less. 

Note 3: These specifications apply for V$ = ±15V and over the absolute maximum operating temperature range (T|_ < Ta < T|-|) unless otherwise 
noted. 

Note 4: Conditions applied to leakage tests insure worse case leakages. Exceeding 11V on the analog input may cause an "OFF" channel to 
turn "ON". 

Note 5: Lots are sample tested to this parameter. The measurement conditions of Figure 1 insure worse case transition time. 

Note 6: "OFF" isolation is measured with all swftches "OFF" and driving a source. Crosstalk is measured with a pair of switches "ON", driving 
channel A and measuring channel B. R[_ = 200, Cj_ = 7 pF, Vg = 3 Vrms, f = 500 kHz. 


Connection Diagrams 


LF1 1508/LF13508 
DuaMn-Line Package 

V CC S5 S6 


LF11509/LF13509 
Dual-In-Line Package 



v cc 


Db 



Order Number LF11508D or LF13508D 
See NS Package D16C 
Order Number LF13508N 
See NS Package N16A 


Order Number LF11509D or LF13509D 
See NS Package D16C 
Order Number LF13509N 
See NS Package N16A 


AC Test Circuits and Switching Time Waveforms 



15V 



V S 1 



H 


Tran 


FIGURE 1. Transition Time 
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LF1 1 508/ L FI 3508, LF11509/LF1350! 


AC Test Circuit and Switching Time Waveforms (Continued) 


ENABLE < 

input yy <50 


A2 

V CC 

SI 

A1 


S2-S8 

A0 

EN 

LF11508 

□ 

GN0 


-V EE 


Ik > 10 pF 



FIGURE 2. Enable Times 


LOGIC /C\ < 

input yy s 50 



V CC 

EN 

SI 

A2 

S2-S7 
LF11508 S8 

D 

A0 

GND 

-V EE 


Ik > 10 pF 


v 0UT 50% 


FIGURE 3. Break-Before-Make 

Transition Times and Transients 
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V A = -10V 
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Application Hints 

The LF 11508 series is an 8-channel analog multiplexer 
which allows the connection of a single load to 1 of 8 
different analog inputs. These multiplexers incorporate 
JFETs in a switch configuration which insures a constant 
"ON" resistance over the analog voltage range of the 
device. Four TTL compatible inputs are provided; a 
3-bit binary decode to select a particular channel and an 
enable input used as a package select. The switches 
operate with a break-before-make action preventing the 
temporary connection of 2 analog inputs during 
switching. Because these multiplexers are fabricated with 
the BI-FET process rather than CMOS, they do not 
require special handling. 

The LF11509 series is a 4-channel differential multi- 
plexer which allows two loads to be connected to 1 of 
4 different pairs of analog inputs. The LF 11509 series 
also has all the features of the LF1 1508. 

ANALOG VOLTAGE AND CURRENT 

The "ON" resistance, R(}N* of the analog switches is 
constant over a wide input range from positive (Vqc) 
supply to negative (— Vee) supply. 

The analog input should not exceed either positive or 
negative supply without limiting the current to less 
than 10 mA; otherwise the multiplexer may get damaged. 
For proper operation, however, the positive analog 
voltage should be kept equal to or less than Vqq ~ 4V 
as this will increase the switch leakage in both "ON" 
and "OFF" state and it may also cause a false turn "ON" 
of a normally "OFF" switch. This limit applies over the 
full temperature range. 

The maximum allowable switch "ON" voltage (the drop 
across the switch in the "ON" condition) is ±0.4V over 
temperature. If this number is to exceed the input 
current should be limited to 10 mA. 

The "ON" resistance of the multiplexing switches 
varies slightly with analog current because they are 
JFETs running at 0V gate to source. The JFET charac- 
teristics shown in Figure 4 indicates how RqN tends 
to vary with current. A lower Ron is possible when 
the source voltage is negative with respect to the drain 
voltage because the JFET becomes enhanced. Caution 
should be used when operating in this mode as this 
may forward-bias an internal transistor and cause high 
currents to flow in the switches. Thus, the drain voltage 
should never be greater than 0.4V positive with respect 
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to the source voltage without limiting the drain current 
to less than 10 mA. 

LEAKAGE CURRENTS 

Leakage currents will remain within the specified value 
as long as the drain and source remain within the speci- 
fied analog voltage range. As the switch terminals exceed 
the positive analog voltage range "ON" and "OFF" 
leakage currents increase. The "ON" leakage increases 
due to an internal clamp required by the switch struc- 
ture. The "OFF" leakage increases because the gate to 
source reverse bias has been decreased to the point 
where the switch becomes active. Leakage currents vary 
slightly with analog voltage and will approximately 
double for every 10°C rise in temperature. 

SWITCHING TIMES AND TRANSIENTS 

These multiplexers operate with a break-before-make 
switch action. The turn off time is much faster than 
the turn on time to guarantee this feature over the full 
range of analog input voltage and temperature. Switching 
transients are introduced when a switch is turned "OFF". 
The amplitude of these transients may be reduced by 
increasing the load capacitance or decreasing the load 
resistance. The actual charge transfer in the transient 
may be reduced by operating on reduced power sup- 
plies. Examples of switching times and transients are 
shown in the typical characteristic curves. The enable 
function switching times are specified separately from 
switch-to-switch transition times and may be thought 
of as package-to-package transition times. 

LOGIC INPUTS AND ENABLE INPUT 

Switch selection in the LF11508 series is accomplished 
by using a 3-bit binary decode while the LF1 1509 series 
uses a 2-bit decode. These binary logic inputs are compa- 
tible with both TTL and CMOS logic voltage levels. 
The maximum positive voltage applied to these inputs 
may exceed Vqq but should not exceed — Vee + 36V. 
The maximum negative voltage should not be less than 
4V below ground as this will cause an internal device to 
zener and all the switches will turn "ON". 

As shown in the schematic diagram, the logic low bias 
current will flow until the PNP input is raised above the 
3 diode reference (« 2.1V). Above this voltage the input 
device becomes ‘.reverse biased and the input current 
drops to the leakage of the reverse biased junction 
KO.IjuA). 
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FIGURE 4. JFET Characteristics 
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Typical Applications 

A SIMPLIFIED SYSTEM DISCUSSION 


DATA ACQUISITION SYSTEM 


TABLE I. 


Analog multiplexers (MUX) are usually used for multi- 
channel Data Acquisition Units (DAU). Figure 5 shows a 
system in which 8 different analog inputs are sampled 
and converted into digital words for further processing. 
The sample and hold circuit is optional, depending on 
input speed requirements and on A/D converter speed. 

Parameters characterizing the system are: 

System Channels: The number of multiplexer channels. 
Accuracy: The conversion accuracy of each individual 
sample with the system operating at the throughput rate. 
Speed or Throughput Rate: Number of samples/second/ 
channel the system can handle. 

For a discussion on system structure, addressing mode 
and processor interfacing, see application note AN-159. 

A. ACCURACY CONSIDERATIONS 

1. Multiplexer's Influence on System Accuracy (Fig- 
ure 6). 

a. The error, (E), caused by the finite "ON" resis- 
tance, RON/ of the multiplexing switches 
is given by: 

100 

E(%) = where: 

1 + R|N/(RON + Rs + ARon) 

R|[\] = following stage input impedance 
ARon = “ON" resistance modulation which is 
negligible for JFET switches like the LF11508 


ERROR % 

BITS 

ts(ON) 

TO 1/2 LSB 

0.2 

8 

6.2t 

0.05 

10 

7.6t 

0.01 

12 

9t 

0.0008 

16 

11. 8t 


t = eg (Rqn + RsHI r in 


t$(OFF) : *s the time it takes to discharge Cs 
within a tolerable error. The "OFF" settling time 
should be taken into account for bipolar inputs 
where its effects will appear as a worse case 
doubling of the t s (ON)- 

2. Sample and Hold Influence on System Accuracy 

The sample and hold, if used, also introduces 
errors into the system accuracy due to: 

• Offset voltage of sample and hold 

• Droop rate in the Hold mode 

• Ta^ Aperture time or time delay between the 
time of a digital Hold command and the actual 
Hold occurance 

• Taq: Acquisition time or time it takes to 
acquire an analog input and settle within a pre- 
determined error band 

• Hold step: Error created during the Sample to 
Hold mode caused by an undesirable charge 
injected into the Hold capacitor Ch- 


Example: Let RON = 450 £2, ARon = 0, Rs= 0, 
Ta = 25°C and allowable E = 0.01% which is 
equivalent to 1/2 LSB in a 12-bit system: 


For more details on sample and hold errors, see 
the LF198/LF298/LF398 data sheet. 


Rim I RON (100 — E) 

N 5 s = 4.5 M£2 

| min ^ 

Note that if temperature effects are included, 
some gain (or full scale) drift will occur; but 
effects on linearity are small. 

b. Multiplexer settling time (t s ): 

MON) 1 > s time required for the MUX output 
to settle within a predetermined accuracy, as 
shown in Table I . 


3. A/D Converter Influence on System Accuracy 
The "accuracy" of the A/D converter is the best 
’ possible system accuracy. In most data acquisi- 
tion systems, the A/D converter is the most expen- 
sive single component, so its error will often 
dominate system error. Care should be taken that 
MUX, S/H and input source errors do not exceed 
system error requirements when added to A/D 
errors. For instance, if an 8-bit accuracy system 
is desired and an 8-bit A/D converter is used, the 
accuracy of the MUX and S/H should be far 
better than 8 bits. 


Cg (Figure 6): MUX output capacitance + fol- 
lowing stage input capacitance + any stray capaci- For details on A/D converter specifications, see 


tance at this node. 


AN-156. 




FIGURE 5. Random-Addressed, Multiplexed DAU 


FIGURE 6. 8-Channel MUX 
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Typical Applications (Continued) 

B. SPEED CONSIDERATIONS 

In the system of Figure 5 with the S/H omitted, if n-bit 
accuracy is desired, the change of the analog input 
voltage should be less than ±1/2 LSB over the A/D con- 
version time Tc- In other words, the analog input slew 
rate, (rate of change of input voltage), will cause a slew- 
induced error and its magnitude, with respect to the total 
system error, will depend on the particular application. 


AVin 

At 


< 

max 


±1/2 LSB 
T^“ 


VFS 
2 n x T C 


where Vps is the full scale voltage of the A/D. Note that 
slew induced errors are not affected by the MUX switch 
time since we can let the unit settle before starting 
conversion. 


Example:Let Tq = 40 ps (MM4357), V FS = 10V and 
n = 8. 


AV|n 


At 


1 mV 

< — 
jus 


which is a very small number. A 10 Vp-p sine wave of 
a frequency greater than 32 Hz will have higher slew 
rate than this. The maximum throughput rate of the 
above 8-channel system would be calculated using 
both the A/D conversion time and the sum of MUX 
switch "ON" time and settling time, i.e.: 


Th R i 1 

maY = = 3k samples/sec/ 

|max 8 (Tc + Tmux) channel 

TmUX = Ton+Ts(ON) 

Also notice that Nyquist sampling criteria would 
allow each channel to have a signal bandwidth of 
1.5 kHz max, while the slew limit dictates a maxi- 
mum frequency of 32 Hz. If the input signal has a 
peak-to-peak voltage less than 10V, the allowable 
maximum input frequency can be calculated by: 


*MAX = 


(Slew Rate)max 
7T Vp-p 


On the other hand, if the input voltage is not band- 
limited a low pass filter with an attenuation of 30 dB or 
better at 1.5 kHz, should be connected in front of 
the MUX. 

1. Improving System Speed with a Sample and Hold 

The system speed can be improved by using the 
S/H shown in Figure 5. This allows a much greater 
rate of change of V ||\) . 


AV|N 

At 


< 

max 


VFS 
2 n x T A 


where Ta is the aperture time of the S/H. This 
represents an input slew rate improvement by a 
factor: Tq/Ta- Here again, the slew rate error is 
not affected by the acquisition time of the Sample 
and Hold since conversion will start after the S/H 
has settled. An important thing to notice is that 
the sample and hold errors will add to the total 
system error budget; therefore, the inequality of 
the AV/j\f/At expression should become more 
stringent 


Example: Tq = 40 ps f T/\=0.5 ps, n = 8: Tq/Ta = 80 

So the use of a S/H allows a speed improvement 
by nearly two orders of magnitude. 

The maximum throughput rate can be calculated by: 


Th. R | = ; 

> max 8 (T A + Taq + Tq) 


Notice that T|\/|UX does not affect the AV | |\j/At 
expression nor the throughput rate of the system since 
it may be switched and settled while the Sample and 
Hold is in the Hold mode. This is true, provided that: 
tmux<t a + t c . 


C. SYSTEM EXAMPLE (Figure 7) 

The LF398 S/H with a 1000 pF hold capacitor, has an 
acquisition time of 4 ps to 0.1% (1/4 LSB error for 8 
bits) and an aperture time of less than 200 ps. On the 
other hand, after the hold command, the output will 
settle to ±0.05 mV in 1 ps. This, together with the 
acquisition time, introduces approximately a ±1/4 LSB 
error. Allowing another 1/4 LSB error for hold step 
and gain non-linearity, the maximum slew error (AV||\|/ 
At) should not exceed 1/4 LSB or: 


AV|N 1 x 1 x 1 
At “ 4 256 X Ta 


5 mV//zs 


(which is the maximum slew rate of a 5 V peak sine 
wave. Also notice that, due to the above input slew 
restrictions, the analog delay caused by the finite BW of 
the S/H and the digital delay caused by the response 
time of the controller will be negligible. The maximum 
throughput rate of the system is: 


Th. R 

max 


1 

e-= 2800 samples/sec/ 

8(5 + 40) 10~ 6 ch. 


If the system speed requirements are relaxed, but the 
A/D converter is still too slow, then an inexpensive S/H 
can be built by using just a capacitor and a low cost 
FET input op amp as shown in Figure 8. - 
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Typical Applications (Continued) 

D. DOUBLING THE SYSTEM CHANNEL CAPABILITY 

This is done in two different ways. First, we can use 
second level multiplexing with speed benefits, as shown 
in Figure 9. A fast 2-channel multiplexer, made by the 
dual analog switch AM 182, accepts the outputs of each 
8-channel MUX, LF13508, and then feeds them sequen- 
tially into an 8-bit successive approximation A/D conver- 
ter. With this technique, the throughput rate of the 
system can again be made independent of the the 
LF13508 speed. Looking at the timing diagram, when 
the A/D converter converts the analog value of an 
upper multiplexer channel, we switch channels in the 
lower multiplexer for the next conversion. This can be 
done provided that: 

TwiUX<Tc + 1 CP 

The LF356 connected as unity- gain buffers are used 
because of the low input impedance of the A/D; they 
are connected between multiplexers for speed optimi- 
zation. With a maximum clock frequency of 4.5 MHz: 

10 6 

Th. R = = 31.25k samples/sec/channel 

16x2 


and 


AV|N 

At 


< 

max 


10 

256 



19.5 mV//is for.lOVFS 


An alternate way to increase the system channel is 
shown in Figure 10, where the enable pins are used to 
disable one MUX while the other is sampling. With this 
method, many 8-channel multiplexers can be connected, 
but the parasitic capacitance at the common output 
node will keep increasing and will eventually degrade 
the settling time, t s (ON)- Also, the MUX speed will now 
affect the system throughput. If, for instance, this 
method was used instead of second level multiplexing, 
the system of Figure 9 will lose half of its speed. If, 
however, speed is not the prime system requirement, 
the approach of Figure 10 is more cost effective. 

E. DIFFERENTIAL INPUT SYSTEMS 
Systems operating in industrial environments may 
require an instrumentation amplifier to separate the 
desired analog signal from any common-mode signal 
present. The LF1 1509 was designed to provide 4 pairs of 
differential input signals to the input of an instrumenta- 
tion amplifier for further process. A 4-channel precondi- 
tioning circuit is shown in Figure 11 and a complete 
system is shown in Figure 12. 


15V -15V 



CHANNEL SELECT 


► TO A/D 


• The acquisition time, T a , of the Sample and Hold depends upon: Rqjsj, 'dSS switches, Zqjjj of switches 

• IDSS = 1 -5 mA, Z 0 UT = 40 

• V )N = 10V, C h = 1000 pF, T a = 20 ps to 0.1% 

• Error created by charge injection during Hold mode: AVg =* 10 pF (14.5V— V|[\j)/Ch 


FIGURE 8. Inexpensive Sample and Hold 
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FIGURE 9a. A Fast 16-Channel DAU with Second Level Multiplexing 
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Differential multiplexer disabled during auto zeroing 

Minimum zeroing pulse width will depend upon the integrator R1C 

This scheme provides input offset adjust especially useful with high gain connections. The device, LF352, 
provides pins for output offset adjust. For more details, see LF352 data sheet. 

FIGURE 11. 4-Channel Differential Multiplexer with Auto Zeroed instrumentation Amplifier 



Typical Applications (Continued) 



• f CLOCK max = 200 kHz 

• The LF352 instrumentation amplifier is auto zeroed during offset correction cycle of the LF13300 A/D 

• The system accuracy will mostly depend on the instrumentation amplifier gain linearity 

FIGURE 12a. 4-Channel Differential Multiplexer with Auto Zeroed Instrumentation Amplifier and 12-Bit A/D Converter 


PD: Polarity Detection 

OC: Offset Correction 

RR: Ramp Reference 

For more details, see LF13300 data sheet 


FIGURE 12b. System Timing Diagram for Differential MUX 
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LF198A 

LF398A 

LF198 

LF398 

LH0023 


LH0043 

LH0043C 

Accuracy (% Max) 
Gain/Offset Error 

0.01 

0.01 

0.02 

0.02 

0.01 


0.1 

0.3 

Offset Voltage (mV Max) 

2 

3 

5 

10 

20 

20 

40 

40 

Droop Rate (mV/sec, 25°C) 






MB 



C s = 1000 pF 

30 

30 

30 

30 

100 


10 

10 

C s = 10000 pF 

3 

3 

3 

3 

10 

BH 

1 

1 

Acquisition Time (/*s, 25°C) 






MB 



C s = 1000 pF 

4 

4 

4 

4 

10 

E^BI 

10 

10 

C s = 10000 pF 

20 

20 

20 

20 

50 


50 

50 

Aperture Time (ns, 25°C) 

25 

25 

25 

25 

150 

150 

20 

20 

Temperature Range (°C) 

- 55 to 

0 to 

- 55 to 

0 to 

- 55 to 


- 55 to 

-25 to 


+ 125 

+ 70 

+ 125 

+ 70 

+ 125 


+ 125 

+ 85 

Comment 

Low Drift 

Low Drift 

General 

General 

Low Drift 

Low Drift 

Medium 

Medium 




Purpose 

Purpose 

' 


Speed 

Speed 
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Definition of Terms 



National 

Semiconductor 


Sample and Hold 


Definition of Terms 

Acquisition Time: The time required to acquire a new 
analog input voltage with an output step of 10V. Note 
that acquisition time is not just the time required for 
the output to settle, but also includes the time required 
for all internal nodes to settle so that the output assumes 
the proper value when switched to the hold mode. 

Aperture Time: The delay required between "Hold" 
command and an input analog transition, so that the 
transition does not affect the held output. 

Dynamic Sampling Error: The error introduced into the 
held output due to a changing analog input at the time 
the hold command is given. Error is expressed in mV 
with a given hold capacitor value and input slew rate. 
Note that this error term occurs even for long sample 
times. 


Gain Error: The ratio of output voltage swing to input 
voltage swing in the sample mode expressed as a percent 
difference. 

Hold Settling Time: The time required for the output 
to settle within 1 mV of final value after the "hold" 
logic command. 

Hold Step: The voltage step at the output of the sample 
and hold when switching from sample mode to hold 
mode with a steady (dc) analog input voltage. Logic 
swing is 5V. 
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LF198/LF298/LF398, LF198A/LF398A 
Monolithic Sample and Hold Circuits 


Sample and Hold 


General Description 

The LF198/LF298/LF398 are monolithic sample and 
hold circuits which utilize BI-FET technology to obtain 
ultra-high dc accuracy with fast acquisition of signal and 
low droop rate. Operating as a unity gain follower, dc 
gain accuracy is 0.002% typical and acquisition time is 
as low as 6ps to 0.01%. A bipolar input stage is used to 
achieve low offset voltage and wide bandwidth. Input 
offset adjust is accomplished with a single pin and does 
not degrade input offset drift. The wide bandwidth 
allows the LF198 to be included inside the feedback 
loop of 1 MHz op amps without having stability 
problems. Input impedance of 10^£2 allows high 
source impedances to be used without degrading 
accuracy. 


Features 

■ Operates from ±5V to ±18V supplies 

■ Less than 10ps acquisition time 

■ TTL, PMOS, CMOS compatible logic input 

■ 0.5 mV typical hold step at Ch = O.OIjuF 

■ Low input offset 

■ 0.002% gain accuracy 

■ Low output noise in hold mode 

■ Input characteristics do not change during hold mode 

■ High supply rejection ratio in sample or hold 
° Wide bandwidth 


P-channel junction FET's are combined with bipolar 
devices in the output amplifier to give droop rates as 
low as 5 mV/min with a IjuF hold capacitor. The JFET's 
have much lower noise than MOS devices used in pre- 
vious designs and do not exhibit high temperature 
instabilities. The overall design guarantees no feed- 
through from input to output in the hold mode even 
for input signals equal to the supply voltages. 


Logic inputs on the LF198 are fully differential with 
low input current, allowing direct connection to TTL, 
PMOS, and CMOS. Differential threshold is 1.4V. The 
LF198 will operate from ±5V to ±18V supplies. It is 
available in an 8-lead TO-5 package. 

An "A" version is available with tightened electrical 
specifications. 




HOLD CAPACITOR (fiF) 
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Absolute Maximum Ratings 








Supply Voltage 

±18V 

Input Voltage 


Equal to Supply Voltage 

Power Dissipation (Package Limitation) (Note 1 ) 500 mW 

Logic To Logic Reference Differential Voltage +7V,— 30V 

Operating Ambient Temperature Range 

(Note 2) 






LF198/LF198A 

— 55 C to + 1 25 C 

Output Short Circuit Duration 


Indefinite 

LF298 

-25° C to +85° C 

Hold Capacitor Short Circuit Duration 


10 sec 

LF398/LF398A 

0°C to +70° C 

Lead Temperature (Soldering, 10 seconds) 


300° C 

Storage Temperature Range 

-65° C to +150°C 








Electrical Characteristics (Note 3) 










LF198/LF298 


LF398 



PARAMETER 

CONDITIONS 







UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Input Offset Voltage, (Note 6) 

Tj = 25° C 


1 

3 


2 

7 

mV 


Full Temperature Range 



5 



10 

mV 

Input Bias Current, (Note 6) 

Tj = 25° C 


5 

25 


10 

50 

nA 


Full Temperature Range 



75 



100 

nA 

Input Impedance 

Tj = 25° C 


ioi° 



1010 


Q. 

Gain Error 

Tj = 25° C, R|_= 10k 


0.002 

0.005 


0.004 

0.01 

% 


Full Temperature Range 



0.02 



0.02 

% 

Feedthrough Attenuation Ratio 

Tj = 25°C, Ch = 0.01/uF 

86 

96 


80 

90 


dB 

at 1 kHz 









Output Impedance 

Tj = 25°C, "HOLD" mode 


0.5 

2 


0.5 

4 

n 


Full Temperature Range 



4 



6 

ft 

“HOLD'' Step, (Note 4) 

Tj = 25°C, C h = O.OIjuF, V 0 UT = 0 


0.5 

2.0 


1.0 

2.5 

mV 

Supply Current, (Note 6) 

Tj > 25° C 


4.5 

5.5 


4.5 

6.5 

mA 

Logic and Logic Reference Input 

Tj = 25°C 


2 

10 


2 

10 

juA 

Current 









Leakage Current into Hold 

Tj = 25°C, (Note 5) 


30 

100 


30 

200 

pA 

Capacitor (Note 6) 

Hold Mode 








Acquisition Time to 0.1% 

AVqUT = 10V, C h = 1000 pF 


4 



4 


Ais 


Ch = O.OlptF 


20 



20 


As 

Hold Capacitor Charging Current 

V|N-V 0 UT = 2V 


5 



5 


mA 

Supply Voltage Rejection Ratio 

VoUT=0 

80 

110 


80 

110 


dB 

Differential Logic Threshold 

Tj = 25^0 

0.8 

1.4 

2.4 

0.8 

1.4 

2.4 

V 
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Electrical Characteristics (Continued) (Note 3) 


PARAMETER 

CONDITIONS 

| LF198A | 

| LF398A | 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Input Offset Voltage, (Note 6) 

Tj = 25° C 


1 

1 


2 

2 

mV 


Full Temperature Range 



2 



3 

mV 

Input Bias Current, (Note 6) 

Tj = 25°C 


5 

25 


10 

25 

nA 


Full Temperature Range 



75 



50 

nA 

Input Impedance 

Tj = 25°C 


10 10 



ioio 


n 

Gain Error 

Tj = 25°C, R L = 10k 


0.002 

0.005 


0.004 

0.005 

% 


Full Temperature Range 



0.01 



0.01 

% 

Feedthrough Attenuation Ratio 

Tj = 25°C, Ch = 0.01/iF 

86 

96 


86 

90 


dB 

at 1 kHz 









Output Impedance 

Tj = 25°C, “HOLD" mode 


0.5 

1 


0.5 

1 

a 


Full Temperature Range 



4 



6 

n 

“HOLD" Step, (Note 4) 

Tj = 25°C, C h = O.OIjuF, Vqut = 0 


0.5 

1 


1.0 

1 

mV 

Supply Current, (Note 6) 

Tj > 25° C 


4.5 

5.5 


4.5 

6.5 

mA 

Logic and Logic Reference Input 

Tj = 25°C 


2 

10 


2 

10 

flA 

Current 









Leakage Current into Hold 

Tj = 25° C, (Note 5) 


30 

100 


30 

100 

pA 

Capacitor (Note 6) 

Hold Mode 








Acquisition Time to 0.1% 

AVoUT= 10V, Ch = 1000 pF 


4 

6 


4 

6 

MS 


Ch = O.OlpF 


20 

25 


20 

25 

Ms 

Hold Capacitor Charging Current 

V|N ~ VoUT = 2V 


5 



5 


mA 

Supply Voltage Rejection Ratio 

VOUT=0 

90 

110 


90 

110 


dB 

Differential Logic Threshold 

Tj = 25° C 

0.8 

1.4 

2.4 

0.8 

1.4 

2.4 

V 


Note 1: The maximum junction temperature of the LF198/LF198A is 1 50°C, for the LF298, 1 15°C, and for the LF398/LF398A, 100 °C. When 
operating at elevated ambient temperature, the power dissipation must be derated based on a thermal resistance (Oj A ) of 150°C/W. 

Note 2: Although the differential voltage may not exceed the limits given, the common-mode voltage on the logic pins may be equal to the 
supply voltages without causing damage to the circuit. For proper logic operation, however, one of the logic pins must always be at least 2V below 
the positive supply and 3V above the negative supply. 

Note 3: Unless otherwise specified, the following conditions apply. Unit is in “sample'’ mode, V§ = ±15V, Tj = 25°C, —1 1 .5V < V|n < +11 .5 V, 
Cf-, = O.OIjuF, and R[_ = 10 kft. Logic reference voltage = 0V and logic voltage = 2.5V. 

Note 4: Hold step is sensitive to stray capacitive coupling between input logic signals and the hold capacitor. 1 pF, for instance, will create an 
additional 0.5 mV step with a 5V logic swing and a 0.01/iF hold capacitor. Magnitude of the hold step is inversely proportional to hold capaci- 
tor value. 

Note 5: Leakage current is measured at a junction temperature of 25°C. The effects of junction temperature rise due to power dissipation or 
elevated ambient can be calculated by doubling the 25°C value for each 11°C increase in chip temperature. Leakage is guaranteed overfull input 
signal range. 

Note 6: These parameters guaranteed over a supply voltage range of ±5 to ±18V. 


Typical Performance Characteristics 


Aperture Time* 


Capacitor Hysteresis 



JUNCTION TEMPERATURE (°C) SAMPLE TIME (ms) 


*See Definition of Terms 
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LF198/LF298/LF398, LF198A/LF398A 


Typical Performance Characteristics (Continued) 




-50 -25 0 25 50 75 100 125 150 


JUNCTION TEMPERATURE |°C) 

*See definition 


Leakage Current into Hold 
Capacitor 



JUNCTION TEMPERATURE (°C) 


Phase and Gain (Input to Output, 
Small Signal) 




-15 -10 -5 0 5 10 15 

INPUT VOLTAGE (V) 


Power Supply Rejection 


Output Short Circuit Current 


Output Noise 



100 Ik 10k 100k 1M 



-50 -25 0 25 50 75 100 125 150 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 


JUNCTION TEMPERATURE (°C) 


FREQUENCY (Hz) 


Input Bias Current 



-50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C) 


Feedthrough Rejection Ratio 
(Hold Mode) 



1 10 100 Ik 10k 100k 1M 


FREQUENCY (Hz) 


Hold Step vs Input Voltage 



-15 -10 -5 0 5 10 15 

INPUT VOLTAGE (V) 
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Application Hints 

Hold Capacitor 

Hold step, acquisition time, and droop rate are the 
major trade-offs in the selection of a hold capacitor 
value. Size and cost may also become important for 
larger values. Use of the curves included with this data 
sheet should be helpful in selecting a reasonable value 
of capacitance. Keep in mind that for fast repetition 
rates or tracking fast signals, the capacitor drive currents 
may cause a significant temperature rise in the LF198. 

A significant source of error in an accurate sample and 
hold circuit is dielectric absorption in the hold capacitor. 
A mylar cap, for instance, may “sag back" up to 0.2% 
after a quick change in voltage. A long “soak" time is 
required before the circuit can be put back into the 
hold mode with this type of capacitor. Dielectrics with 
very low hysteresis are polystyrene, polypropylene, and 
Teflon. Other types such as mica and polycarbonate 
are not nearly as good. Ceramic is unusable with > 1% 
hysteresis. The advantage of polypropylene over poly- 
styrene is that it extends the maximum ambient tempera- 
ture from 85°C to 100°C. “NPO“ or "COG" capacitors 
are now available for 125°C operation and also have low 
dielectric absorption. For more exact data, see the 
curve labeled dielectric absorption error vs sample time. 
The hysteresis numbers on the curve are final values, 
taken after full relaxation. The hysteresis error can be 
significantly reduced if the output of the LF198 is 
digitized quickly after the hold mode is initiated. The 
hysteresis relaxation time constant in polypropylene, 
for instance, is 10—50 ms. If A-to-D conversion can be 
made within 1 ms, hysteresis error will be reduced by a 
factor of ten. 

DC and AC Zeroing 

DC zeroing is accomplished by connecting the offset 
adjust pin to the wiper of a 1 k!2 potentiometer which 
has one end tied to V + and the other end tied through a 
resistor to ground. The resistor should be selected to 
give ^0.6 mA through the Ik potentiometer. 

AC zeroing (hold st£p zeroing) can be obtained by 
adding an inverter with the adjustment pot tied input 
to output. A 10 pF capacitor from the wiper to the 
hold capacitor will give ±4 mV. hold step adjustment 
with a O.OIjuF hold capacitor and 5V logic supply. 
For larger logic swings, a smaller capacitor « 10 pF>) 
may be used. 

Logic Rise Time 

For proper operation, logic signals into the LF198 must 
have a minimum dV/dt of 1.0 V//lis. Slower signals will 
cause excessive hold step. If a R/C network is used in 
front of the logic input for signal delay, calculate the 
slope of the waveform at the threshold point to ensure 
that it is at least 1 .0 V/£is. 

Sampling Dynamic Signals 

Sample error due to moving input signals probably 
causes more confusion among sample-and-hold users 
than any other parameter. The primary reason for this 
is that many users make the assumption that the sample 
and hold amplifier is truly locked on to the input signal 
while in the sample mode. In actuality, there are finite 


phase delays through the circuit creating an input-output 
differential for fast moving signals. In addition, although 
the output may have settled, the hold capacitor has an 
additional lag due to the 30012 series resistor on the chip. 
This means that at the moment the “hold" command 
arrives, the hold capacitor voltage may be somewhat 
different than the actual analog input. The effect of 
these delays is opposite to the effect created by delays 
in the logic which switches the circuit from sample to 
hold. For example, consider an analog input of 20 Vp-p 
at 10 kHz. Maximum dV/dt is 0.6 V/jtts. With no analog 
phase delay and 100 ns logic delay, one could expect 
up to (0.1/is)(0.6V/ps) = 60 mV error if the "hold" 
signal arrived near maximum dV/dt of the input. A 
positive-going input would give a +60 mV error. Now 
assume a 1 MHz (3 dB) bandwidth for the overall analog 
loop. This generates a phase delay of 160 ns. If the hold 
capacitor sees this exact delay, then error due to analog 
delay will be (0.16/is)(0.6 V/j us) = —96 mV. Total out- 
put error is +60 mV (digital) —96 mV (analog) for a 
total of —36 mV. To add t; the confusion, analog delay 
is proportional to hold capacitor value while digital 
delay remains constant. A family of curves (dynamic 
sampling error) is included to help estimate errors. 

A curve labeled Aperture Time has been included for 
sampling conditions where the input is steady during 
the sampling period, but may experience a sudden 
change nearly coincident with the "hold" command. 
This curve is based on a 1 mV error fed into the output. 

A second curve, Hold Settling Time indicates the time 
required for the output to settle to 1 mV after the 
"hold" command. 

Digital Feedthrough 

Fast rise time logic signals can cause hold errors by 
feeding externally into the analog input at the same 
time the amplifier is put into the hold mode. To mini- 
mize this problem, board layout should keep logic lines 
as far as possible from the analog input. Grounded 
guarding traces may also be used around the input 
line, especially if it is driven from a high impedance 
source. Reducing high amplitude logic signals to 2.5V 
will also help. 

Guarding Technique 
v + 



Use 10-pin layout. Guard around is tied to output. 
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LF198/LF298/LF398, LF198A/LF398A 


Logic Input Configurations TTL & CM0S 

3V<V L (Hi State) <7V V + 




CMOS 

7V< V L (Hi State) < 15V 




Op Amp Drive 



Typical Applications (Continued) 

X1000 Sample & Hold 



Sample and Difference Circuit 
(Output Follows Input in Hold Mode) 



*For lower gains, the LM108 must be frequency compensated 
100 

Use « pF from comp 2 to ground 

A V 
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Typical Applications (Continued) 

Ramp Generator with Variable Reset Level 


Integrator with Programmable 
Reset Level 


-15 V T 8.2k 


R2*< A LM1 13 


RESET 3 

LEVEL O—l LF398 

INPUT 


:=tl 


AV 1.2V 

"Select for ramp rate == 

R > 10k AT (R2)(C h ) 


RESET V R 
LEVEL O— fl 
INPUT * 


IITL 


DIFFERENTIAL 1M 

INTEGRATING •{ 1% 

INPUT 


LF398 >~-o OUTPUT 


<■ 

R2 


200k 


1% 


15V 

3 



LM308 

Z 2 



_yl0D OF . 


-15V 


V 0 UT (Hold Mode) = 


1 ft \ 

— - / v IN dt + V R 

l)(C h ) J 0 


Output Holds at Average of 
Sampled Input 


INPUT O—j LF198^>— O OUTPUT 


Increased Slew Current 



Select (R h )(C h ) » 


27rf|(\| (Min) 


Reset Stabilized Amplifier (Gain of 1000) 


12k £ LH0042H 

01 f 

„ 2N51 16 j3 y _ nm 

INPUT 0—1 > 200k 


► 200k 

r 


IITL 


, 1 I , RESET PULSE 
“ P ^>2ms 


Vqs < 20 pV (No trim) 
Z||\j « 1 Mfi 

^Vqs 


Fast Acquisition, Low Droop Sample & Hold 
15V 15V 




LF198/LF298/LF398, LF198A/LF398A 








^Select for step height 
50k -*• IV Step 





i 
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LH0023/ LH0023C, LH0043/LH0043C 




National 

Semiconductor 


Sample and Hold 


LH0023/LH0023C, LH0043/LH0043C Sample 
and Hold Circuits 


General Description 

The LH0023/LH0023C and LH0043/LH0043C 
are complete sample and hold circuits including 
input buffer amplifier, FET output amplifier, 
analog signal sampling gate, TTL compatible logic 
circuitry and level shifting. They are designed to 
operate from standard ±15V DC supplies, but 
provision is made on the LH0023/LH0023C for 
connection of a separate +5V logic supply in 
minimum noise applications. The principal differ- 
ence between the LH0023/LH0023C and the 
LH0043/LH0043C is a 10:1 trade-off in perfor- 
mance on sample accuracy vs sample acquisition 
time. Devices are pin compatible except that TTL 
logic is inverted between the two types. 

The LH0023/LH0023C and LH0043/LH0043C 
are ideally suited for a wide variety of sample and 

Features 

LH0023/LH0023C 

■ Sample accuracy-0.01 % max 

■ Hold drift rate— 0.5 mV/sec typ 

■ Sample acquisition time-100 /is max for 20V 

■ Aperture time— 150 ns typ 

■ Wide analog range— ± 10V min 

■ Logic input— TTL/DTL 

■ Offset adjustable to zero with single 10k pot 

■ Output short circuit proof 


hold applications including data acquisition, 
analog to digital conversion, synchronous demodu- 
lation, and automatic test setup. They offer 
significant cost and size reduction over equivalent 
module or discrete designs. Each device is available 
in a hermetic TO-8 package and are completely 
specified over both full military and instrument 
temperature ranges. 

The LH0023 and LH0043 are specified for opera- 
tion over the -55°C to +125°C military tempera- 
ture range. The LH0023C and LH0043C are 
specified for operation over the -25°C to +85°C 
temperature range. 


Features 

LH0043/LH0043C 

■ Sample acquisition time-15 /is max for 20V 

4 /is typ for 5V 

■ Aperture time— 20 nS typ 

■ Hold drift rate— 1 mV/sec typ 
. ■ Sample accuracy— 0. 1 % max 

■ Wide analog range-±10V min 

■ Logic input-TTL/DTL 

■ Offset adjustable to zero with single 10k pot 

■ Output short circuit proof 


Block and Connection Diagrams 


LH0023/LH0023C 


LH0043/LH0043C 



See Package H12B 


ADJUST 




7-14 



Absolute Maximum Ratings 

Supply Voltage (V + and V") ±20V 

Logic Supply Voltage (V cc ) LH0023, LH0023C +7.0V 

Logic Input Voltage (V 6 ) +5.5V 

Analog Input Voltage (V 5 ) ±15V 

Power Dissipation See graph 

Output Short Circuit Duration Continuous 

Operating Temperature Range LH0023, LH0043 -55°C to +125°C 

LH0023C, LH0043C -25°C to +85°C 

Storage Temperature Range -65°C to +150 C 

Lead Soldering (10 sec) 300°C 


Electrical Characteristics LHoo 23 /LHoo 23 c<Noten 


PARAMETER 


Sample (Logic "1 ") 
Input Voltage 

Sample (Logic ''1”) 
Input Current 
Hold (Logic "0") 

Input Voltage 
Hold (Logic "0”) 

Input Current 

Analog Input 
Voltage Range 

Supply Current — l 10 
Supply Current — l 12 

Supply Current — l 8 
Sample Accuracy 
DC Input Resistance 

Input Current - l 5 
Input Capacitance 
Leakage Current - 
pin 1 

Drift Rate 

Drift Rate 

Drift Rate 

Aperture Time 
Sample Acquisition 
Time 

Output Amplifier 
Slew Rate 

Output Offset Voltage 
(without null) 

Analog Voltage 
Output Range 


CONDITIONS 

V cc = 4.5V 

V 6 = 2.4V, V cc = 5.5V 

V CC = 4.5V 

V 6 = 0.4V, V cc = 5.5V 


V 5 - 0V, V 6 - 2 V, 

V n =0V 

v 5 = 0V, v 6 = 0.4V, 
V,, = ov 


= ±10V (Full Scale) 


v OUT “ ,wv 

Sample Mode 
Hold Mode 
Sample Mode 


V 5 = ±10V; V„ = ±10V, 

T A = 25°C 

V $ = ±10V; V n =±10V 

Vqut = ±5V, C s = 0.01 juF, 
T a = 25°C 

V O ut = ±10v - 

c s = 0.01 fiF. T a = 25° C 

V 0 ut = ± 1 °V- 

c s •= 0.01 n F 


44 v OUT 

C s = 0.01 (JF 


R s < 10k, V 5 = 0V, 
V 6 = 2.0V 
R l > Ik. T a = 25°C 
R L >2k 


LIMITS | 


LH0023 


LH0023C 


MIN 

TYP 

MAX MIN 

TYP 

MAX 

2.0 


2.0 

- 




5.0 


5.0 



0.8 


0.8 



0.5 


0.5 

±10 

±11 

±10 

±11 



4.5 

6 

4.5 

6 


4.5 

6 

4.5 

6 


1.0 

1.6 

1.0 

1.6 


0.002 

0.01 • 

0.002 

0.02 

500 

1000 

300 

1000 


20 

25 

20 

25 



0.2 

1.0 

0.3 

1.5 


3.0 


3.0 



10.0 

200 

20.0 

500 



2.5 


2 


0.5 


0.5 



1.0 

20 

2.0 

50 



0.50 


0.2 


150 


150 



50 

100 

50 

100 

1.5 

3.0 

1.5 

3.0 




±20 


±20 

±10 

±11 

±10 

±11 


±10 

±12 

±10 

±12 



pF 


Note 1 : Unless otherwise noted, these specifications apply for V + = +15V, V^q = +5V, V - 
O.OImF capacitor connected between pin 1 and ground over the temperature range -55°C to + 
-25°C to +85°C for the LH0023C. All typical values are for = 25°C. 


= -15V, pin 9 grounded, a 
1 25° C for the LH0023, and 
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Electrical Characteristics uhoo43/lhoo43c: (Note 2 ) 




LIMITS 


PARAMETER 

CONDITIONS 

LH0043 | 

LH0043C | 

UNITS 

TTTM 

TYP 


Ml Ml 

TYP 





Hold (Logic "1") 

Input Voltage 


2.0 



2.0 



V 

Hold (Logic "1") 

Input Current 

V 6 = 2.4V 



5.0 



5.0 

HA 

Sample (Logic "0”) 
Input Voltage 




0.8 



0.8 

V 

Sample (Logic “0") 
Input Current 

V 6 = 0.4V 



1.5 



1.5 

mA 

Analog Input 

Voltage Range 


±10 

±11 


±10 

±11 


V 

Supply Current 

V 5 = 0V, V 6 = 2V, V n =0V 


20 

22 


20 

22 

mA 


V 5 = 0V, V 6 = 0.4V, 

v n =ov 


14 

18 


14 

18 

mA 

Sample Accuracy 

V OUT = ±10V < Ful1 Scale) 


0.02 

0.1 


0.02 

0.3 

% 

DC Input Resistance 

T c = 25°C 

10 10 

10 12 


10 10 

10 12 


n 

Input Current - l 5 



1.0 

5.0 


2.0 

10.0 

nA 

Input Capacitance 



1.5 



1.5 


PF 

Leakage Current- 

V 5 =±10V;V n = ±10, 


10 

25 


20 

50 

PA 

pin 1 

T c = 25°C 

V 5 = ±10V; V n = ±10V 


10 

25 


2 

5 

nA 

Drift Rate 

Vqut = ±10V - C S = 0 001 P F - 

T c = 25°C 


10 

25 


20 

50 

mV/s 

Drift Rate 

Vqut = ±10V < c s = 0 001 P F 


10 

25 


2 

5 

mV/ms 

Drift Rate 

v out = ±10V - c s = 0 01 

T c = 25° C 


1 ' 

2.5 


2 

5 

mV/s 

Drift Rate 

V OUT * ±10V, C s = 0.01 pF 


1 

2.5 


0.2 

0.5 

mV/ms 

Aperture Time 



20 

60 


20 

60 

ris 

Sample Acquisition 

AVqut = 20V - C s =0.001 pF 


10 

15 


10 

15 

ps 

Time 

AVqut = 20V « c s = 0 01 ^ 


l 30 

50 


30 

50 

(IS 


AVqut = 5V, C s = 0.001 mF 


4 



4 


(IS 

Output Amplifier 

Slew Rate 

Vqut = 5V - c s = 0 001 ^ F 

1.5 - 

! 

3.0 


1.5 

3.0 


V/jus 

Output Offset Voltage 
(without null) * 

R s < 1°k, V 5 =0V, V 6 = °V 

i 


±40 



±40 

mV 

Analog Voltage 

R L >1k, T a = 25°C 

±10 

±11 


±10 

±11 


V 

Output Range 

R L ^2k 

±10 

±12 


±10 

±12 


V 


Note 2: Unless otherwise noted, these specifications apply for V + = + 15V, V - = -15V, pin 9 grounded, a 5000 pF capacitor 
connepted between pin 1 and ground over the temperature range -55°C to +125°C for the LH0043, and -25°C to +85°C 
for the LH0043C. All typical values are for Tq = 25°C. 


Typical Performance Characteristics 


Power Dissipation 



0 25 50 75 100 125 150 


TEMPERATURE (°C) 


Sample Acquisition 
Time— LH0043 



0123456789 10 
TIME (ms) 


Sample Acquisition 
Time— LH0043 



TIME (ms) 
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Typical Performance Characteristics (Continued) 


Sample Acquisition 



Pin 1 Leakage Current 
vs Output Voltage 



-12V -10 -8 -6-4 -2 0 2 4 6 8 10 12V 


TIME (as) 


OUTPUT VOLTAGE (V) 


Pin 1 Leakage Current 
vs Temperature 



TEMPERATURE (°C) 



Drift vs Capacitance 
(LH0023) 



0.0001 0.001 0.01 0.1 1 10 
CAPACITANCE ( M F) 


Drift vs Capacitance 
(LH0043) 



.0001 .001 .01 .1 1 10 


CAPACITANCE (mF) 


(LH0023) 



' 0.01 0.1 1 10 100 Ik 10k 100k 1M10M100M 

FREQUENCY (Hz) 


Typical Applications 



Note 1: Cl is polystyrene. 

Note 2: C2, C3, C4 are cermic disc. 

Note 3: Jumper 7-8 and C4 not required for LH0043. 
Note 4: R1 optional if zero trim is required. 


How to Build a Sample and Hold Module 
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Typical Applications (Continued) 


DIGITAL 

INPUT' 

CODE 


LOGIC 



DEVICE 

PINS 



Forcing Function Setup for Automatic Test Gear 



•See op amp selection guide for details. Most popular types include LH0052, LM108, LM112, LH0044, LH0036, and LH0038. 


Data Acquisition System 




CLOCK 


Single Pulse Sampler 


ifirvfllLi- 

C( 
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LH0023/LH0023C, LH0043/LH0043C 


Applications Information 

1.0 Drift Error Minimization 

In order to minimize drift error, care in selection 
of C s and layout of the printed circuit board is 
required. The capacitor should be of high quality 
Teflon, polycarbonate, or polystyrene construc- 
tion. Board cleanliness and layout are critical 
particularly at elevated temperatures. See AN-63 
for detailed recommendations. A guard conductor 
connected to the output surrounding the storage 
node (pin 1) will be helpful in meeting severe 
environmental conditions which would otherwise 
cause leakage across the printed circuit board. 

2.0 Capacitor Selection 

The size of the capacitor is dictated by the re- 
quired drift rate and acquisition time. The drift is 
determined by the leakage current at pin 1 and 
dV I, 

may be calculated b Y = , where l L is the 

total leakage current at pin 1 of the device, and 
C s is the value of the storage capacitor. 

2.1 Capacitor Selection — LH0023 

At room temperature leakage current for the 
LH0023 is approximately 100 pA. A drift rate of 
10 mV/sec would require a 0.01 juF capacitor. 

For values of C s up to 0.01 /lF the acquisition 
time is limited by the slew rate of the input buffer 
amplifier, A1, typically 0.5 V//us. Beyond this 
point, current availability to charge C s also enters 
the picture. The acquisition time is given by: 

, A , N ^= 2X 1 °.3^ 

where: R = the internal resistance in series With C s 

Ae 0 = change in voltage sampled 

An average value for R is approximately 
600 ohms. The expression for t A reduces to: 

+ ~ V^ e o c s 

“ 20 “ 

For a -10V to +10V change and C s = .05 /iF, 
acquisition time is typically 50 ms. 

2.2 Capacitor Selection— LH0043 

At 25°C case temperature, the leakage current for 
the LH0043G is approximately JO pA, so a drift 
rate of 5 mV/s would require a capacitor of 
C s = 10 • 10“ ,2 /5 ♦ 10~ 3 = 2000 pF or larger. 

For values of C s below about 5000 pF, the 
acquisition time of the LH0043G will be limited 
by the slew rate of the output amplifier (the 
signal will be acquired, in the sense that the voltage 


will be stored on the capacitor, in much less time as 
dictated by the slew fate and current capacity of 
the input amplifier, but it will not be available at 
the output). For larger values of storage capaci- 
tance, the limitation is the current sinking capabil- 
ity of the input amplifier, typically 10 mA. With 
C s = 0.01 nF, the slew rate can be estimated by 

= q^qi = 1 or a slewing time for a 

5 volt signal change of 5/is. 

3.0 Offset Null 

Provision is made to null both the LH0023 and 
LH0043 by use of a 10k pot between pins 3 and 4. 
Offset null should be accomplished in the sample 
mode at one half the input voltage range for 
minimum average error. 

4.0 Switching Spike Minimization- LH0043 

A capacitive divider is formed by the storage 
capacitor and the capacitance of the internal FET 
switch which causes a small error current to be 
injected into the storage capacitor at the termina- 
tion of the sample interval. This can be considered 
a negative DC offset and nulled out as described in 
(3.0), or the transient may be nulled by coupling 
an equal but opposite signal to the storage 
capacitor. This may be accomplished by connect- 
ing a capacitor of about 30 pF (or a trimmer) 
between the logic input (pin 6) and the storage 
capacitor (pin 1). Note that this capacitor must be 
chosen as carefully as the storage capacitor itself 
with respect to leakage. The LH0023 has switch 
spike minimization circuitry built into the device. 

5.0 Elimination of the 5V Logic Supply— LH0023 

The 5V logic supply may be eliminated by 
shorting pin 7 to pin 8 which connects a 10k 
dropping resistor between the +15V and V c . 
Decoupling pin 8 to ground through 0.1 mF disc 
capacitor is recommended in order to minimize 
transients in the output. 

6.0 Heat Sinking 

The LH0023 and LH0043G may be operated 
without damage throughout the military tempera- 
ture range of -55 to +125°C (-25 to +85°C for 
the LH0023CG and LH0043CG) with no explicit 
heat sink, however power dissipation will cause the 
internal temperature to rise above ambient. A 
simple clip-on heat sink such as Wakefield 
#215-1.9 or equivalent will reduce the internal 
temperature about 20°C thereby cutting the leak- 
age current and drift rate by one fourth at max. 
ambient. There is no internal electrical connection 
to the case, so it may be mounted directly to a 
grounded heat sink. 

7.0 Theory of Operation— LH0023 

The LH0023/LH0023C is comprised of input 
buffer amplifier, A1, analog switches, SI and S2, a 
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Applications Information (Continued) 

TTL to MOS level translator, and output buffer 
amplifier, A2. In the “sample" mode, the logic 
input is raised to logic “1“ (V 6 < 2.0V) which 
closes SI and opens S2. Storage capacitor, C s , is 
charged to the input voltage through SI and the 
output slews to the input voltage. In the “hold" 
mode, the logic input is lowered to logic “0“ 
(V 6 < 0.8V) opening SI and closing S2. C s 
retains the sample voltage which is applied to the 
output via A2. Since SI is open, the input signal 
is overridden, and leakage across the MOS switch is 
therefore minimized. With SI open, drift is prima- 
rily determined by input bias current of A2, 
typically 100 pA at 25°C. 

7.1 Theory of Operation— LH0043 

The LH0043/LH0043C is comprised of input 
buffer amplifier A1, FET switch SI operated by a 
TTL compatible level translator, and output buffer 
amplifier A2. To enter the "sample" mode, the 
logic input is taken to the TTL logic "0" state 
(V 6 = 0.8V) which commands the switch SI 



closed and allows A1 to make the storage capaci- 
tor voltage equal to the analog input voltage. In 
the “hold" mode (V 6 = 2.0V), SI is opened 
isolating the storage capacitor from the input and 
leaving it charged to a voltage equal to the last 
analog input voltage before entering the hold 
mode. The storage capacitor voltage is brought to 
the output by low leakage amplifier A2. 

8.0 Definitions 

V 5 : The voltage at pin 5, e.g., the analog 

input voltage. 

V 6 : The voltage at pin 6, e.g., the logic 

control input signal. 

V 1t : The voltage at pin 11, e.g., the output 
signal. 

T a : The temperature of the ambient air. 

T c : The temperature of the device case at 

the center of the bottom of the header. 

Acquisition Time: 

The time required for the output (pin 1 1) to settle 
within the rated accuracy after a specified input 
change is applied to the input (pin 5) with the 
logic input (pin 6) in the low state. 

Aperture Time: 

The time indeterminacy when switching from 
sample mode to hold including the delay from the 
time the mode control signal (pin 6) passes 
through its threshold (1.4 volts) to the time the 
circuit actually enters the hold mode. 

Output Offset Voltage: 

The voltage at the output terminal (pin 11) with 
the analog input (pin 5) at ground and logic input 
(pin 6) in the “sample" mode. This will always be 
adjustable to zero using a 10k pot between pins 3 
and 4 with the wiper arm returned to V“. 
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LH0023/LH0023C, LH0043/LH0043C 




National 

Semiconductor 


Sample and Hold 


LH0053/LH0053C High Speed 
Sample and Hold Amplifier 


General Description 

The LH 0053/ LH 0053C is a high speed sample and hold 
circuit capable of acquiring a 20V step signal in under 
5.0/^s. 

The device is ideally suited for a variety of high speed 
data acquisition applications including analog buffer 
memories for A to D conversion and synchronous de- 
modulation. 


Schematic and Connection Diagrams 


Features 

■ Sample acquisition time lO^s max. for 20V signal 

■ FET switch for preset or reset function 

■ Sample accuracy null 

■ Offset adjust to 0V 

■ DTL/TTL compatible FET gate 

■ Single storage capacitor 


. oiun«uc 

FEEDBACK V+ CAPACITOR 



Metal Can Package 



Order Number LH0053G or LH0053CG 
See Package H12B 

AC Test Circuit 


20 kQ 47 kQ 



Acquisition Time Test Circuit 








Absolute Maximum Ratings 








Supply Voltage (V + and V") 

±18V 








Gate Input Voltage (V 6 ) 

±20V. 








Analog Input Voltage (V4) 

±15V 








Input Current (l 8 and l 5 ) 

±10mA 








Power Dissipation 

1.5W 








Output Short Circuit Duration 
Operating Temperature Range 

Continuous 








LH0053 

-55°Cto +125°C 








LH0053C 

-25°C to +85°C 








Storage Temperature Range 

-65°C to +150°C 








Lead Temperature (Soldering, 10 seconds) 300°C 








Electrical Characteristics (Note d 










Limits 


Parameter 

Conditions 

LH0053 

LH0053C 

Units 



Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Sample (Gate “0”) Input Voltage 




0.5 



0.5 

V 

Sample (Gate “0”) Input Current 

V 6 = 0.5V,T A = 25°C 



-5.0 



-5.0 

mA 


V 6 = 0.5V 



-100 



-100 

mA 

Hold (Gate “1”) Input Voltage 


4.5 



4.5 



V 

Hold (Gate “1") Input Current 

V 6 = 4.5V, T A = 25°C 



1.0 




nA 


V 6 = 4.5V 



1.0 




mA 

Analog Input Voltage Range 


±10 

±11 


±10 

±11 


V 

Supply Current 

V 4 = 0V, V 6 = 0.5V 


13 

18 


13 

18 

mA 

Input Bias Current (I 4 ) 

V 4 = 0V, T a = 25°C 


120 

250 


150 

500 

nA 

Input Resistance 


5.0 

10 

15 

5.0 

10 

15 

kQ 

Analog Output Voltage Range 

R L = 2.0kQ 

±10 

±12 


±10 

±12 


V 

Output Offset Voltage 

V 4 = 0V, V 6 = 0.5V, T a = 25°C 


5.0 

7.0 


5.0 

10 

mV 


V 4 = 0V, V 6 = 0.5V 



10 



15 

mV 

Sample Accuracy (Note 2) 

V 4 = ±10V, V 6 = 0.5V, T a = 25°C 


0.1 

0.2 


0.1 

0.3 

% 

Aperture Time 

AV 6 = 4.5V, T a = 25°C 


10 

25 


10 

25 

ns 

Sample Acquisition Time 

V 4 = ±10V, T A = 25°C, 

C F = 1000pF, V 6 = 0V 


5.0 

10 


8.0 

15 

MS 

Sample Acquisition Time 

V 4 = ±10V,T A = 25°C, 

C F = 100 pF, V 6 = 0V 


4.0 



4.0 


MS 

Output Slew Rate 

AV in =±10V, T a = 25°C, 

C F = 100 pF, V 6 = 0V 


20 



20 


V/m s 

Large Signal Bandwidth 

V 4 = ±10V,T a = 25°C, 

C F = 1000 pF 


200 



200 


kHz 

. Leakage Current (Pin 5) 

V 4 = ±10V, T a = 25°C, 


6.0 

50 


10 

100 

PA 


> 

0 

+i 

11 

£ 



30 



30 

nA 

Drift Rate 

V 4 = ±10V, T a = 25°C, 

C F = 1000 pF 


6.0 

50 


10 

100 

mV/s 

Drift Rate 

V 4 = ±10V, C F = 1000 pF 



30 



30 

V/s 

Note 1: Unless otherwise noted, these specifications apply for Vs = ±15V, pin 9 grounded, a 1000 pF capacitor between pin 5 and pin 11, 

pin 3 shorted to pin 11, over the temperture range -55°C to +125°C for the LH0053 and - 

25°C to +85°C for the LH0053C. All typical 

values are for T A = 25°C. 









Note 2: Sample accuracy may be nulled by inserting a potentiometer in the feedback loop. This compensates for source impedance 

and feedback resistor tolerances. 
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LH0053/LH0053C 




Typical Performance Characteristics 


Power Dissipation 

I | i\ i r ' 

\CASE 


0 50 100 150 

TEMPERATURE (°C) 


Supply Current vs. 
Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Output Current Limiting 



0 5.0 10 15 20 25 

OUTPUT CURRENT (mA) 


Input Bias Current 



-55 -15 25 65 105 145 

TEMPERATURE (“C) 


Drift 

[= V s « *15V 



0 25 50 75 100 125 

TEMPERATURE (°C) 


Leakage Current at 
Pin 5 



II 

===== 

5r! 

TM. 

1111 

Si 

mmwA 

HI 

B 

SSSB 

— — 


== 

■■■■■■■■ 

■BBS 

mmwjk 

wr*m 

IBB 

i 

SSftSSS 

ss 

lls 

SB 

Samm 

■■ 


B 


25 50 75 100 125 

TEMPERATURE (°C) 


Sample Acquisition 
Time 





□r 

31 







r ! 




Cf 


00 



Hu 
















_! 

V- 






' 

L 

1 


L_ 

Ta = 25C I 


0 10 20 30 40 50 

TIME (ms) 


Output Slew Rate 


= C F = 100 pF =± 
1000 pF J 


4.0 8.0 12 16 20 

TIME (ms) 


Acquisition Time vs. 
Temperature 



-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C> 


Typical Applications 



•POLYSTYRENE CONSTRUCTION. 

increasing Output Drive Capability 
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Typical Applications (Continued) 

/ 



Sample and Hold 


Applications Information 

Source Impedance Compensation 

The gain accuracy (linearity) of the LH0053/LH0053C is 
set by two internal precision resistors. Circuit applica- 
tions in which the source impedance is non-zero will 
result in a closed loop gain error, e.g. if Rs = 10Q, a gain 
error of 0.1% results. Figures 1 and 2 show methods for 
accomodating non-zero source impedance. 

Drift Error Minimization 

In order to minimize drift error, care in selecting C F and 
layout of the printed circuit board are required. The capa- 
citor should be of high quality teflon, polycarbonate, or 
polystyrene construction. Board layout and clean lines 
are critical particularly at elevated temperature. 

A ground guard (shield) surrounding pin 5 will minimize 
leakage currents to and from the summing junction, 
arising from extraneous signals. See AN-63 for detailed 
recommendations. 

Capacitor Selection 

The size of the capacitor is determined by the required 
drift rate usually at the expense of acquisition time. 


The drift is dictated by leakage current at pin 5 and is 
given by: 


dv |l_ 

dt " C F 

Where l L is the leakage current at pin 5 and C F is the 
value of the capacitance. The room temperature leakage 
of the LH0053 is typically 6.0 pA, and a lOOOpF capacitor 
will yield a drift rate of 6.0 mV per second. 


For values of C F below 1000 pF acquisition for the LH0053 
is primarily governed by the slew rate of the input ampli- 
fier (20 V/fiS) and the setting time of the output amplifier 
(=1.0/^s). For values above C F = lOOOpF, acquisition 
time is given by: 


fa 


C f AV 

•dss 


+ ts2 


Where: 

C F = The value of the capacitor 
AV = The magnitude of the input step, e.g. 20V 
loss = The ON current of switch Q1 = 5.0 mA 
ts 2 = The setting time of output amplifier = I.Ofus 
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LH0053/LH0053C 





LH0053/LH0053C 


Applications Information (Continued) 




Figure 2. Non-Zero Source Impedance Buffering 


Gate Input Considerations 
5.0V TTL Applications 

The LH0053 Gate input (pin 6) will interface directly with 
5.0V TTL However, TTL gates typically pull up to 2.5V in 
the logic “1” state. It is therefore advisable to use a 
10 kQ pull-up resistor between the 5.0V, V C c, and the 
output of the gate as shown in Figure 3. 

To obtain the highest speed and fastest acquisition time, 
the gate drive shown in Figure 6 is recommended. 


+5.0V 

?■ 


1 

GATE 54/74 * 

l ■ 

>10 kC 


— | — V j 

L 6j 



LH0053 


Figure 3. TTL Logic Compatibility 
CMOS Applications 

The LH0053 gate input may be interfaced directly with 
74C, CMOS operating off of V C c’s from 5.0V to 15V. How- 
ever, transient currents of several milliamps can flow on 
the rising and falling edges of the input signal. It is, there- 
fore, advisable to parallel the outputs of two 54C/74C 
gates as shown in Figure 4. 


It should be noted that leakage at pin 5 in the hold mode 
will be increased by a factor of 2 to 3 when operating 
into 15V logic levels. 


VCC 5.0V TO 15V 



Heat Sinking. 

The LH0053 may be operated over the military tempera- 
ture range, -55°C to +125°C, without incurring damage 
to the device. However, a clip on heat sink such as the 
Wakefield 215 Series or Thermalloy 2240 will reduce the 
internal temperature rise by about 20°C. The result is a 
two-fold improvement in drift rate at temperature. 
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Applications Information (Continued) 

Since the case of the device is electrically isolated from 
the circuit, the LH0053 may be mounted directly to a 
grounded heat sink. 

Power Supply Decoupling 

Amplifiers A1 and A2 within the LH0053 are very wide 
band devices and are sensitive to power supply induct- 
ance. It is advisable to bypass V + (pin 12) and V" (pin 10) 
to ground with O.VF disc capacitors in order to prevent 


oscillation. Should this procedure prove inadequate, the 
disc capacitors should be paralleled with 4.7/iF solid 
tantalum electrolytic capacitors. 

DC Offset Adjust 

Output offset error may be adjusted to zero using the 
circuit shown in Figure 5. Offset null should be accom- 
plished in the sample mode (V 6 < 0.5V) and analog input 
(pin 4) equal to zero volts. 



Figure 5. Offset Null Circuit 



Figure 6. High Speed Gate Drive Circuit 


Definition of Terms 

Voltage, V 4 : The voltage at pin 4, i.e., the analog input 
voltage. 

Voltage, V 6 : The voltage at pin 6, i.e., the logic control 
signal. A logic “1” input, V 6 < 4.5V, places the LH0053 in 
the HOLD mode; a logic “0 M input (V 6 < 0.5V) places the 
device in sample mode. 

Acquisition Time: The time required for the output (pin 11) • 
to settle within the rated accuracy after a specified input 
change is applied to Analog Input 1 (pin 4) with logic 
input, (pin 6) in the logic “0” state. 


Aperture Time: The time indeterminacy when switching 
from the “sample” mode to the HOLD mode measured 
from the time the logic input passes through its thresh- 
old (2.0V) to the time the device actually enters the 
HOLD mode. 

Sample Accuracy: Difference between input voltage and 
output voltage while in the sample mode, expressed as 
a percent of the input voltage. 
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LH0053I LH0053C 










A to D, D to A* 


Section Contents 


A/D Converter/DVM Selection Guide 8-3 

D/A Converter Selection Guide 8-5 

Definition of Terms 8-7 

D/A Converters 

AD7520/AD7530 10-Bit Binary Multiplying D/A Converter 8-8 

AD7521/AD7531 12-Bit Binary Multiplying D/A Converter . . 8-8 

DAC0800, DAC0801, DAC0802 8-Bit Digital-to-Analog Converters 8-118 

DAC0808, DAC0807, DAC0806 8-Bit D/A Converters 8-126 

D AC0830/ D AC0831 / D AC0832 MICRO-DAC™ 8-Bit fiP Compatible, 

Double-Buffered D to A Converters 8-133 

DAC1000/1/2 and DAC1006/7/8 MICRO-DAC™ Compatible, Double-Buffered 

D to A Converters 8-151 

DAC1020, DAC1021, DAC1022 10-Bit Binary Multiplying D/A Converter . . 8-173 

DAC1200, DAC1201 12-Bit Digital-to-Analog Converters 8-183 

DAC1208, DAC1209, DAC1210, DAC1230, DAC1231, DAC1232 MICRO-DAC™ 

12-Bit, yP Compatible, Double-Buffered D to A Converters 8-189 

DAC1218, DAC1219 12-Bit Binary Multiplying D to A Converter 8-204 

D AC 1220, DAC1221, DAC1222 12-Bit Binary Multiplying D/A Converter 8-173 

DAC1280A, DAC1280 12-Bit Digital-to-Analog Converters . 8-208 

DAC1280A-I, DAC1280-1 12-Bit Digital-to-Analog Converters 8-216 

DAC1285A, DAC1285 (DAC85, DAC87) 12-Bit Digital-to-Analog Converters 8-220 

A/D Converters 

ADC0800 8-Bit A/D Converter . . . 8-17 

ADC0801, ADC0802, ADC0803, ADC0804, ADC0805 8-Bit fiP Compatible A/D Converters .... 8-28 
ADC0808, ADC0809 8-Bit /iP Compatible A/D Converters 

with 8-Channel Multiplexer 8-60 

ADC0816, ADC0817 8-Bit fiP Compatible A/D Converters 

with 16-Channel Multiplexer 8-71 

ADC0833 8-Bit Serial I/O A/D Converter with 4-Channel Multiplexer 8-82 

ADC1001, ADC1021 10-Bit nP Compatible A/D Converters / 8-89 

ADC1080, ADC1280 12-Bit Successive Approximation A/D Converter 8-97 

ADC1210, ADC1211 12-Bit CMOS A/D Converters 8-107 

Building Blocks 

ADB1200 12-Bit Binary A/D Building Block 8-10 

DM2502, DM2503, DM2504 Successive Approximation Registers 8-228 

LF13300 Integrating A/D Analog Building Block 8-233 

LM131A/LM131, LM231 A/LM231, LM331A/LM331 

Precision Voltage-to-Frequency Converters 8-251 

MM54C905/MM74C905 12-Bit Successive Approximation Register 8-262 


tFor additional information, see National Semiconductor’s Data Conversion/Acquisition Handbook. 
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Part 

No. 

Resolution 

(Bits) 

Absolute 

Accuracy 

(Max) 

Conversion 

Time 

Input 

Voltage 

Range 

Output 

Logic 

Levels 

Supplies 

(V) 

Temperature 

Range* 

Package 

Comments 

M 

1 

c 

A/D CONVERTER 

ADC0800 

8 



m 



• 





ADC0801 

8 

±1/4 LSB 

110 fiS 

5V 

EMM 

+ 5 

• 




n H 

ADC0802 




5V 


+ 5 

• 




Differential 

Input 

ADC0803 


±1/2 LSB 

110 ns 


ssmm 

lllmnl'M 

+ 5 





Differential 

Input 

ADC0804 

8 




smam 

+ 5 





Differential 

Input 

ADC0805 

8 





+ 5 



9 

20-Pin DIP 

Works with 

5V Reference 

ADC0808 

8 

±1/2 LSB 

100 ns 

5V 

TTL, 

TRI-STATE 

+ 5 

• 


■ 


8-Channel MUX 

ADC0809 

8 

±1 LSB 

100 /is 

5V 

TTL, 

TRI-STATE 

+ 5 


• 

9 

28-Pin DIP 

§§119 

ADC0816 

8 

±1/2 LSB 

100 y.s 

5V 

TTL, 

TRI-STATE 

+ 5 

• 

• 

9 

40-Pin DIP 

16-Channel MUX 

ADC0817 

8 

±1 LSB 

100 ns 

5V 

TTL, 

TRI-STATE 

+ 5 


• 

9 

40-Pin DIP 

16-Channel MUX 

tADC0831B 

8 

±1/2 LSB 

80 

5V 

TTL 

+ 5 to +9 


• 

9 

8-Pin DIP 

Serial I/O 

tADC0831C 

8 

±1 LSB 

80 fiS 

5V 

TTL 

+ 5 to +9 


9 

9 


Serial I/O 

tADC0832B 

8 

±1/2 LSB 



TTL 



1 

■ 



tADC0832C 

8 

±1 LSB 






• 

9 

8-Pin DIP 

2-Channel MUX 

Serial I/O 

ADC0833B 

8 

±1/2 LSB 

80 ns 

5V 

TTL 



1 

1 

14-Pin DIP 

4-Channel MUX 

Serial I/O 

ADC0833C 

8 

±1 LSB 

80 fiS 

5V 

TTL 



1 

■ 


4-Channel MUX 
Serial I/O 


8 

±1/2 LSB 

80 /as 

5V 

TTL 

+ 5 to +9 


• 

9 

14-Pin DIP 

4-Channel MUX 
Serial I/O 

tADC0834C 

8 

±1 LSB 



TTL 

+ 5 to +9 


• 

9 

14-Pin DIP 

4-Channel MUX 
Serial I/O 

tADC0838B 

8 




TTL 



• 

9 

20-Pin DIP 

8-Channel MUX 
Serial I/O 

tADC0838C 

8 

±1 LSB 

80 fi s 

5V 

TTL 

+ 5 to +9 


9 

9 

20-Pin DIP 

8-Channel MUX 
Serial I/O 

tADCIOOlB 

10 

±1/2 LSB 

200 /is 

5V 

TTL, 

TRI-STATE 

+ 5 


9 

9 

20-Pin DIP 

Differential 

Input 

ADC1001C 

10 

±1 LSB 

200 ns 

5V 

TTL, 

TRI-STATE 

+ 5 


9 

9 

20-Pin DIP 

Differential 

Input 

tADC1021B 

10 

±1/2 LSB 

200 fiS 

5V 

TTL, 

TRI-STATE 

+ 5 


* 

9 

24-Pin DIP 

Differential 

Input 

ADC1021C 

10 

±1 LSB 

200 /is 

5V 

TTL, 

TRI-STATE 

+ 5 

' 


* 


24-Pin DIP 

Differential 

Input 

tADC1080 

10 

±1/2 LSB 

18 pcs 

±10V 

TTL 

+ 5, ±12 to ±15 


O 


32-Pin DIP 

With Reference 
and Clock 
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A/D Converter/DVM Selection Guide 


Part 

No. 

Resolution 

(Bits) 

Absolute 

Accuracy 

(Max) 

Conversion 

Time 

Input 

Voltage 

Range 

Output 

Logic 

Levels 

Supplies 

(V) 

Temperature 

Range* 

Package 

Comments 

M 

1 

C 

A/D CONVERTER (Continued) 

ADB1200 
LF 13300 

12 

± 1/2 LSB 

36 ms 

± 11V 

TTL, 

TRI-STATE 


■ 

1 

■ 



ADC1210 

12 

±1/2 LSB 

26 fiS 

10.2V 

CMOS 

+ 5 to ± 15 . 

H 

D 




ADC1211 

12(10) 

±1 LSB 

30 n s 

10.2V 

CMOS 

+ 5 to ±15 

• 

• 




tADC1280 

12 

±1/2 LSB 

22 /as 

±10V 

TTL 


■ 

1 

■ 

32-Pin DIP 


ADC3511 

31/2-Digit 

0.05% 

200 ms 

2V 

TTL, 

TRI-STATE 

+ 5 

■ 

1 

■ 

24-Pin DIP 


ADC3711 

3 3/4-Digit 

0.05% 

400 ms 

2V 

TTL, 

TRI-STATE 

+ 5 

■ 

1 

■ 

24-Pin DIP 

Integrating 
lx? Compatible 

LM131 

V-F 

0.01% 

N/A 

cf 

o 

1 

N> 

< 



1 

1 

1 

8-Pin DIP or 
TO-99 Can 

Voltage-to- 

Frequency 

Converter 

100 kHz Max 

DIGITAL VOLTMETER 

ADD3501 

3 1/2-Digit 

0.05% 

200 ms 

2V 


+ 5 

■ 

1 

■ 

28-Pin DIP 

3 l/2-Digit LED 
DVM 

ADD3701 

3 3/4-Digit 

0.05% 

400 ms 

2 V 


+ 5 

■ 

1 

■ 

28-Pin DIP 

3 3/4-Digit LED 
DVM 

'Temperature ranges are: “M" is - 55°C to + 125°C ambient; “1” is - 40°C to + 85°C or - 25°C to + 85°C; “C” is 0°C to 70°C. 
tproduct to be announced. 
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DAC0806 


DAC0807 







DAC1007 10 0.1 







DAC1000 

10 

0.05 

DAC1001 

10 

0.1 





DAC1022 

10 

0.2 

D AC 1200 

12 

0.012 

DAC1201 

12 

0.049 

DAC1208 

12 

0.012 

DAC1209 

12 

0.024 


Temperature 

Range* Package Comments 
Ml I I C 






















±5 to ±15 


±5 to ±15 


±5 to ±15 


5 to 15 


1 nS 5 to 15 


1 n$ 5 to 15 






500 ns 



500 ns 



500 ns 



500 ns 



500 ns 




500 ns 5 to 15 


300 ns — Iout — 15 
2.5 ns - V 0 ut 


300 ns — Iout — 15 
2.5 n s — Vqut 


1 ns 5 to 15 


1 fis 5 to 15 


16-Pin DIP 
16-Pin DIP 

16 -Pin DIP 

16-Pin DIP 
16-Pin DIP 
16-Pin DIP 
20-Pin DIP 


High Speed 
Multiplying 

High Speed 
Multiplying 

High Speed 
Multiplying 

Multiplying 

Multiplying 

Multiplying 

nP Compatible 

4-Quadrant 

Multiplying 

iiP Compatible 

4-Quadrant 

Multiplying 

nP Compatible 

4-Quadrant 

Multiplying 

n? Compatible 

Double 

Buffered 

n P Compatible 

Double 

Buffered 

fiP Compatible 

Double 

Buffered 

iiP Compatible 

Double 

Buffered 

fiP Compatible 

Double 

Buffered 

^P Compatible 

Double 

Buffered 

4-Quadrant 

Multiplying 


16-Pin DIP 4-Quadrant 
Multiplying 


Current or 
Voltage Mode 


24-Pin DIP yP Compatible 
4-Quadrant 
Multiplying 


24-Pin DIP fiP Compatible 
4-Quadrant 
Multiplying 


20-Pin DIP 
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D/A Converter Selection Guide 


Part 

No. 

Resolution 

(Bits) 

Linearity 
@ 25°C 
(Max) 

Internal 

Reference 

Output 

Op 

Amp 

Settling 

Time 

( + 1/2 LSB) 


Temperature 

Range* 

Package 

Comments 


u 

a 

DAC1210 

12 

0.05 


■ 

1 fiS 

5 to 15 

■ 

1 


24-Pin DIP 

nP Compatible 

4-Quadrant 

Multiplying 

DAC1218 

12 

0.012 


■ 


5 to 15 

■ 

1 






0.024 


■ 


5 to 15 

* 

1 


18-Pin DIP 

4-Quadrant 

Multiplying 

DAC1220 

12 

0.05 


■ 

500 ns 

5 to 15 

■ 

1 


18-Pin DIP 

1 4-Quadrant 
Multiplying 





■ 

500 ns 

5 to 15 

■ 

1 


18-Pin DIP 

4-Quadrant 

Multiplying 





■ 

500 ns 

5 to 15 

■ 

1 


18-Pin DIP 

4-Quadrant 

Multiplying 

DAC1230 

12 

0.012 



1 fiS 

5 to 15 

• 

• 

• 

20-Pin DIP 

^P Compatible 

4-Quadrant 

Multiplying 

DAC1231 

12 

0.024 



1 nS 

5 to 15 


• 

• 

20-Pin DIP 

n P Compatible 

4-Quadrant 

Multiplying 

D AC 1232 

12 

0.05 



1 fiS 

5 to 15 


• 

• 

20-Pin DIP 

nP Compatible 

4-Quadrant 

Multiplying 

tDAC1265A 

12 

0.006 

• 


200 ns 

±15 

* 


• 

24-Pin DIP 

Hi-Speed 

tDAC1265 

12 

0.012 

• 


200 ns 

±15 

* 


• 

24-Pin DIP 

Hi-Speed 

DAC1280 

12 

0.024 

• 

• 

300 ns — Iout 
2.5 fiS - Vqut 

±15 



© 

24-Pin DIP 

Current or 
Voltage Mode 

DAC1280A 

12 

0.012 

• 

• 

300 ns - I 0 ut 
2.5 fis - Vqut 

±11.4 to ±15.75 



• 

24-Pin DIP 

Current or 
Voltage Mode 

D AC 1285 

12 

0.012 

• 

• 

300 ns - Iout 
2.5 fis - Vqut 

±15 

• 

• 


24-Pin DIP 

Current or 
Voltage Mode 

DAC1285A 

12 

0.012 

• 

• 

300 ns — Iout 
2.5 fis - Vqut 

±11.4 to ±15.75 

* 

• 


24-Pin DIP 

Current or 
Voltage Mode 


* Ambient temperature range for “M” is - 55°C to +125°C, “I" is - 25°C to + 85°C or - 40°C to + 85°C, “C” is 0°C to 70°C. 
tProduct to be announced. 
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National 

Semiconductor 


A to D, D to A 


Definition of Terms 

Accuracy: Sum of all errors: non-linearity, zero-scale, full- 
scale, temperature drift, etc. Careful-this term is some- 
times confused with resolution and/or non-linearity. 

Conversion Time: The time required for a complete meas- 
urement by an A/D converter. 

Full-Scale Error: Deviation from true full-scale output 
when specified reference voltage is applied. 

Full-Scale Tempco: Change in scale error due to tempera- 
ture, usually expressed in parts per million per degree 
(ppm/°C). 

Monotonicity: A DAC whose output always increases for 
increasing digital input codes is said to be monotonic, i.e., 
does not decrease at any point. 

Non-Linearity: Worst-case deviation from the line between 
the endpoints (zero and full-scale). Can be expressed 
as a percentage of full-scale or in fractions of an LSB. 
±1/2 LSB is a desirable specification. 

Power-Supply Sensitivity: The sensitivity of a convert- 
er to DC changes in power-supply voltages is normally ex- 
pressed in terms of percentage change in analog input 
value. Power-supply sensitivity may also be expressed in 
relation to a specified DC shift of the supply voltage. 

Quantizing Error: ± 1/2 LSB error inherent in all A/D 
conversions. Cannot be eliminated. 

Ratiometric Converter: The output of an A/D converter is a 
digital number proportional to the ratio of (some measure 
of) the input to a reference. Most requirements for conver- 
sions call for an absolute measurement, i.e., against a 
fixed reference. In some cases, where the measurement is 


affected by a changing reference voltage, it is advanta- 
geous to use that same reference as the reference for the 
conversion, to eliminate the effect of variation. 

Resolution: The most important converter specification. 
This is the number of steps the full-scale signal can be 
divided into, and therefore the size of the steps. May be ex- 
pressed as the number of bits in the digital word, the size 
of a least significant bit (smallest step) as a percent of full- 
scale, or an LSB in millivolts (for a given full-scale). 


Bits 

Steps 

(2N) 

LSB Size 
(% of Full-Scale) 

LSB Size 
(10V Full-Scale) 

6 

64 

1.588% 

158.8 mV 

8 

256 

0.392% 

39.2 mV 

10 

1,024 

0.0978% 

9.78 mV 

12 

4,096 

0.0244% 

2.44 mV 

14 

16,384 

0.0061 % 

0.61 mV 

16 

65,536 

0.0015% 

0.15 mV 


Settling Time: Time from change in input until output re- 
mains within ± 1/2 LSB (or some specified percentage) of 
final output. 

3 1/2 Digit BCD: Maximum output count or display is 
±1.999 (±2000 counts) — approximately 11 binary bits 
plus sign. 

3 3/4 Digit BCD: Maximum output count or display is 
±3.999 (±4000 counts)— approximately 12 binary bits 
plus sign. 
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AD7520/AD7530 , AD7521/AD7531 


5^>| National 
mm Semiconductor 


A to D, D to A 


AD7520/AD7530 10-Bit, AD7521/AD7531 12-Bit 
Binary Multiplying D/A Converters 
General Description 


The AD7520 and the AD7521 are, respectively, 10 and 
12-bit binary multiplying digital-to-analog converters. 
A deposited thin film R-2R resistor ladder divides 
the reference current and provides the circuit with ex- 
cellent temperature tracking characteristics (typically 
0.0002%/°C linearity error temperature coefficient). The 
circuit uses CMOS current switches and drive circuitry 
to achieve low power consumption (30 mW max) and 
low leakages (200 nA max). The digital inputs are com- 
patible with DTL/TTL logic levels as well as full CMOS 
logic level swings. This part, combined with an external 
amplifier and voltage reference, can be used as a standard 
D/A converter; however, it is also very attractive for 
multiplying applications (such as digitally controlled 
gain blocks) since its linearity error is essentially inde- 
pendent of the voltage reference. 


This part is available with 10-bit (0.05%), 9-bit (0.10%), 
and 8-bit (0.20%) non-linearity. The AD7520L, 
AD7520K, and AD7520J are direct replacements for 


the 1 0-bit resolution AD7520 and AD7530 family, and 
equivalent to AD7533 family. The AD7521 K, AD7521 J 
and AD7521L are direct replacements for the 12-bit 
resolution AD7521 and AD7531 family. For more 
information, see DAC1020 data sheet. 

Features 

B Linearity specified with zero and full-scale adjust only 

■ Integrated thin film on CMOS structure 

■ 10-bit or 12-bit resolution 

■ Low power dissipation 10 mW @ 15V typ 

■ Accepts variable or fixed reference -25V < Vref < 
+25V 

■ 4-quadrant multiplying capability 

■ Interfaces directly with DTL, TTL and CMOS 

■ Fast settling time-600 ns typ 

■ Low feedthrough error— 1/2 LSB @ 100 kHz typ 


Connection Diagrams Equivalent Circuit 


AD7520/AD7530 
Dual-In-Line Package 



AD7521/AD7531 
Dual-ln-Line Package 





Switches shown in digital high state 


Ordering Information* 


10-BIT D/A CONVERTERS 


TEMPERATURE RANGE 


— 40°C to +85°C — 55°C to +125°Cj 



*Note: Devices ordered using these P/N's will be marked with AD7520 series and 
DAC102X series numbers. 
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Absolute Maximum Ratings 


V + to Gnd 17 V 

Vref to G ncl ±25V 

Digital Input Voltage Range V + to Gnd 

DC Voltage at Pin 1 or Pin 2 (Note 3) -100 mV to V + 

Storage Temperature Range -65° C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300° C 


Electrical Characteristics 


Operating Temperature Range 



MIN 

MAX 

UNITS 

AD7520LN, AD7520KN, AD7520JN 

0 

+70 

°C 

AD7521 LN, AD7521KN, AD7521JN 

0 

+70 

°C 

AD7530LN, AD7530KN, AD7530JN 

0 

+70 

°c 

AD7531LN, AD7531KN, AD7531JN 

0 

+70 

°c 

AD7520LD, AD7520KD, AD7520JD 

-40 

+85 

°c 

AD7521 LD, AD7521 KD, AD7521 JD 

-40 

+85 

°c 

AD7530LD, AD7530KD, AD7530JD 

-40 

+85 

°c 

AD7531LD, AD7531KD, AD7531JD 

' -40 

+85 

°c 

AD7520UD, AD7520TD, AD7520SD 

-55 

+125 

°c 

AD7521UD, AD7521TD, AD7521SD 

-55 

+125 

°c 

0.000V, Ta = 25°C unless otherwise specified) 






MIN 

TYP 

MAX 

mi 

TYP 



Resolution 


10 



■a 


■ 

Bits 

Linearity Error 

t min<t a <t M ax, 

-lov < Vref <+iov, 

(Note 1) End Point Adjustment Only 
(See Linearity Error in Definition of Terms) 








10-bit Parts 

AD7520L, AD7520U, AD7521 L, AD7521U, AD7530L, AD7531L 



0.05 



0.05 

% FSR 

9-bit Parts 

AD7520T, AD7520K, AD7521T, AD7521 K, AD7530K, AD7531 K 



0.10 



0.10 

% FSR 

8-bit Parts 

AD7520S, AD7520J, AD7521S, AD7521 J, AD7530J, AD7531J 



0.20 



0.20 

% FSR 

Linearity Error Tempco 

-lov < Vref < +iov, 

(Notes 1 and 2) 


0.0002 





% FS/°C 

Full-Scale Error 

-10V < Vref<+10V, 

(Notes 1 and 2) 


0.3 



0.3 


% FS 

Full-Scale Error Tempco 

tmin<t a <t M ax. 

(Note 2) 



0.001 




% FS/°C 

Output Leakage Current 









'OUTI 

All Digital Inputs Low, Tmin < Ta < Tmax 



200 




nA 

>OUT2 

All Digital Inputs High, Tmin < Ta < Tmax 



200 




nA 

Power Supply Sensitivity 

All Digital Inputs High, 


0.005 





% FS /V 


14V< V + < 16V 









(Figure 2 of DAC1020 data sheet) 








Vref Input Resistance 


10 

15 

20 

10 

15 

20 

k£2 

Full-Scale Current Settling 

RL = 100S7 from 0 to 99.95% 








Time 

FS 

All Digital Inputs Switched 

Simultaneously 


500 





ns 

VREF feedthrough 

All Digital Inputs Low, 

Vref = 20 Vp-p @ 100 kHz 



10 



10 

mVp-p 


D Package (Note 4) 


6 

9 


6 

9 

mVp-p 


N Package 


2 

5 


2 

5 

mVp-p 

Output Capacitance 









'OUTI 

All Digital Inputs Low 


40 



40 


pF 


All Digital Inputs High 


200 





pF 

■OUT2 

All Digital Inputs Low 


200 





pF 


All Digital Inputs High 


40 



40 


pF 

Digital Input 

(Note 1) 








Low Threshold 

Tmin <T A < Tmax. 



0.8 



0.8 

V 

High Threshold 

tmin <t a < t M ax 

2.4 



2.4 



V' 

Digital Input Current 

tmin < t a< Tmax 

Digital Input High 


1 

100 


1 


pA 


Digital Input Low 


-50 

-200 


-50 


pA 

Supply Current 

All Digital Inputs High 


0.2 

' 1.6 


0.2 

1.6 

mA 


All Digital Inputs Low 


0.6 

2 


0.6 

2 

mA 

Operating Power Supply Range 


5 


15 

5 


15 

V 


AD7520L, AD7520K, 
AD7520J 


AD7521L, AD7521K, 
AD7521J 


Notel: Vrep = ±10V and Vrep = ±1 V. 

Note 2: Using internal feedback resistor. 

Note 3: Both loUTI anc * IOUT2 mu st go to ground or the virtual ground of an operational amplifier. For every millivolt offset between loUTI 
or l0UT2» 0 005% linearity error will be introduced. 

Note 4: To achieve this low feedthrough in D package, the user must ground the metal lid. 
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ADB1200 


National 

Semiconductor 


A to D, D to A 


ADB1200 12-Bit Binary A/D Building Block 

General Description Features 


The ADB1200 is the digital controller for the LF13300D* 
analog building block. Together they form an integrating 
12-bit A/D converter. The ADB1200 provides all the 
necessary control functions, plus features like auto 
zeroing, polarity and overrange indication, as well as 
continuous conversion. The 12-bit plus sign parallel and 
serial outputs are TRI-STATE® TTL level compatible. 
The device also includes output latches to simplify data 
bus interfacing. 

*See LF13300D data sheet for more information 


Features 

■ 12-bit binary output 

SB Parallel or serial output 

■ TRI-STATE output 

■ Polarity indication 

■ Overrange indication 

■ Continuous conversion capability 

■ 100% overrange capability 

■ 5V, —15V power requirements 

■ TTL compatible 

■ Clock frequency to 1 MHz 


Circuit Diagram/Typical Applications 


12-Bit A/D Converter 


POLYPROPYLENE . 
CAPACiTOR 


LOW LEAKAGE 
MYLARS 
CAPACITORS 


L F 1 3300 RR 


3 

26 

5 

22 

6 

21 

7 

20 

8 

19 

9 

18 


28 

DIGITAL 

GND 


RR ADB1200 


► POLARITY 
►OVERRANGE 


I 12-BIT I TRI-STATE 

► 2-7 f BINARY f DATA OUTPUT 


^ENDOF 

^CONVERSION 


CLOCK CONVERSION 
INPUT 
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Absolute Maximum Ratings 

Supply Voltage (V§ s) 5.25V 

Supply Voltage (Vqg) -16.5V 

Voltage at Any Input 5.25V 

Operating Temperature 0°C to +70°C 

Storage Temperature — 40°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics 

Vss = 5V, Vqg = “15V, 0°C to +70°C, unless otherwise specified. 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Power Supply Voltage (V$s) 


4.75 

5.00 

5.25 

V 

Power Supply Voltage (Vgg) 


-13.5 

-15.00 

-16.5 

V 

Power Supply Current Oss) 




28 

mA 

Power Supply Current (Iqg) 




34 

mA 

Logic "1” Input Voltage 


3.4 



V 

Logic "0" Input Voltage 




0.8 

V 

Logic "1" Output Voltage 

Vss = 4.75V, l0H = 100 juA 

3.8 



V 

Logic "0" Output Voltage 

Vss = 5.25V, lOL = —1 -6 mA 



0.4 

V 

Width of EOC 

Auto Cycle 

5/f 



sec 

Prop. Delay COMP to EOC 


4/f 


5/f+1 jus 

sec 

Output Enable Time 

OE to Any Data Output, 



1.0 

Ms 


SC= 1,P/S = 0 





Output Disable Time 

OE to Any Data Output, 



2.4 

Ms 


SC= 1,P/S = 0 





Output Enable Time 

P/S to Any Data Output 



0.9 

Ms 


Except Polarity, SC = 1, 






OE = 0 





Output Disable Time 

P/S to Any Data Output 



2.2 

Ms 


Except Polarity, SC = 1, 






OE = 0 





Output Enable Time 

SC to Any Data Output, 



1.0 

MS 


OE = 0, P/S = 0 





Output Disable Time 

SC to Any Data Output, 



2.4 

Ms 


OE = 0, P/S = 0 





Prop. Delay Serial Clock 

SCLK to POL/SDO 



0.6 

Ms 

Conversion Time 

Full Scale 



8966/f 

sec 

Conversion Time 

100% Overrange 



13062/f 

sec 

Maximum Clock Frequency 

CLK, Pin 27 

500 

1000 


kHz 

Maximum Serial Clock Frequency 

SCLK, Pin 1 

500 

1000 


kHz 
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ADB1200 



ADB1200 


Block Diagram 


Digital Control Integrated Circuit 



Connection Diagram 


Dual-ln-Line Package 



tF/S) PARALLEL/SERIAL 
SELECT 

(clkT input clock 

(COMP) COMPARATOR 
INPUT 

V GG 


V SS 

(EOC) END OF 
CONVERSION 

(RU-) RAMP NEGATIVE 

(PD/RU+) POLARITY 
DETECT/RAMP UNKNOWN 
(OC) OFFSET 
CORRECTION 

(RR) RAMP REFERENCE 


GND 

(PQL/SDO) POLARITY/SERIAL 
DATA OUTPUT 

(OR) OVERRANGE 

(MSB) MOST 
SIGNIFICANT BIT 


Order Number ADB1200PCN 
See NS Package N28A 
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Functional Description 

OPERATION 


The ADB1200 is designed for use with the LF13300 
analog front end. Four control signals are supplied to 
the LF 13300 and 1 control signal is required from the 
LF 13300. The conversion cycle is composed of 5 
distinct phases. They are: Phase I — Offset Correct; 
Phase II — Polarity Detect; Phase III — Initialization; 
Phase IV — Ramp Unknown; Phase V — Ramp Reference. 

Phase I — Offset Correct (256 Clock Periods) 

This phase is initiated by taking the Start Conversion 
(SC) and the Output Enable (OE) lines to a logic “1". 
At this time, Offset Correct (OC) will be a logic "1". 
The LF 13300 requires this phase to correct any intrinsic 
offset voltage errors prior to the polarity detect phase. 

Phase II — Polarity Detect (256 Clock Periods) 

This phase is used to determine polarity of the analog 
input. At the midpoint of this phase, COMP from the 
LF13300 is examined for polarity. If COMP = logic 
"1" , then the input voltage is positive. If COMP = 
logic "0", then the input is negative. The Polarity 
Detect signal (PD/RU+) will be at a logic "1" during 
this entire phase. The above operation is also necessary 
to determine which integrator input (positive or negative) 
of the LF 13300 should be used for proper A/D conver- 
sion (see LF13300 data sheet). 

Phase III — Initialization (256 Clock Periods) 

This phase is identical , to Phase I and is used by the 
LF13300 to eliminate any offsets induced as a result of 
the Polarity Detect Phase. Offset Correct (OC) will be at 
a logic "1". 

Phase IV — Ramp Unknown (4096 Clock Periods) 

The unknown input voltage is integrated for a fixed 
time, 4096 clock periods, during this phase. The result 
of the Phase II Polarity Detect Cycle determines whether 
PD/RU+ or RU— will be at logic "1". If Phase II indicates 
a positive input, the PD/RU+ signal will be a logic "1". 
If phase II indicates a negative input, Ramp Negative 


(RU— ) will be a logic "1". These 2 signals will never be 
at logic "1 " simultaneously. 

Phase V — Ramp Reference 

This phase is a variable length phase depending on the 
magnitude of the analog input voltage. During this time, 
Ramp Reference (RR) will be in the logic "1" state. 
When COMP goes to a logic "0" state, or when the 
internal counter reaches 100% of full scale (8192 clock 
periods), the Ramp Reference (RR) signal goes to the 
logic ''0" state, the counter output is loaded into the 
output register, and the End of Conversion (EOC) 
signal goes to a logic "1". The Polarity Bit will reflect 
whatever value was determined during Phase II. The 
output register will hold the data until a new conversion 
is co mpl eted and new data is loaded into the register. 
The OE line must be low in the logic "0" state and SC 
must be high in the logic “1 " state to enable the outputs. 

DATA OUTPUTS 

Both _serial and parallel outputs are available. In either 
case, OE must be low and SC must be high to enable 
the outputs. For parallel output, the P/S line must_be 
low in the logic "0" state. For serial outputs, the P/S 
line must be high. In the serial mode, the data is shifted 
out of the Polarity /Serial Output (POL/SDO) line and all 
other data outputs are in the high impedance state. 
Each Serial Clock (SCLK) will right shift the output 
register one bit. Thus, 13 clock pulses are required to 
fully shift out the data. The data will be shifted out in 
the following order: Polarity, Overrange, MSB, 2SB, 
3SB, . . . , LSB. If OE and P/S are in the logic " 0 " state 
and SC in the logic "1" state, all outputs will momen- 
tarily go to the logic "1" state for 1 clock period 
immediately preceding EOC. 

CONTINUOUS CONVERT MODE 

In this mode, the End of Conversion (EOC) output is 
connected to the OE input. As long as SC is in the 
logic "1” state, then each EOC will initiate a new con- 
version. The data outputs will be disabled for the first 
5 clock cycles after EOC goes high. 


Truth Table 


INPUT 

SC 

OE 

P/S 

LSB 











MSB 

OVER- 

RANGE 

POLARITY 

100% Full Scale 

1 

0 

0 

1 

1 

1 

'1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 • 

Full Scale 

1 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

'o 

1 

Zero 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

Zero 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

—Full Scale 

1 

0 

0 

1 . 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

-100% Full Scale 

1 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

Any 

1 

1 

X 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

Any 

1 

0 

1 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

Serial Output 

Any 

0 

X 

X 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

Z 


1 = High 
0 = Low 

Z = High Impedance 
X = Don't Care 


i 
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ADB1200 








ADB1 


Timing Diagrams 


Output Enable/Disable Time 
OE 0R"P/S 2 


Serial Clock Delay 



Output Enable/Disable Time 


2 i 

/ 

| 

k! 


7 ^4,0 


TRI-STATE® 

ENABLE 

^ f 0.4 


, DISABLE 

DELAY 



DELAY 


FIGURE 1. Parallel Data 


Serial Output 


>^OOOOOOOOOOOOOQC 

if ft f 2SB f— LSB 


- OVERRANGE 

- POLARITY 


FIGURE 2. Serial Data 
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Timing Diagrams (Continued) 


Positive Input 


PHASE 1 

PHASE II 

PHASE III 

PHASE IV 

PHASE V 

OFFSET 

POLARITY 

INITIAL- 

RAMP 

RAMP 

CORRECT 

DETECT 

IZATION 

UNKNOWN 

REFERENCE 


CLK n_n_r 


OC | 256 X 1/f j | 256 X 1/f | 

PD/RU+ | 256 X 1/f | | 4096 X 1/f 


RR . ] < 8192 X 1/f [ 





Negative Input 


OC | 256 X 1/f | 

1 J 

| 256 X 1/f | 

J 

PD/RU+ | 

| 256 X 1/f | 



RU- 


| 4096 X 1/f 

“1 

RR 



| < 8192 X 1/f | 


1 1 


1 

LUIVlr 

4 . 

EOC(Ol) | 5/f | 

1 1 

^ 

nn_ 


FIGURE 3. Continuous Conversion Mode 


SC NO. i 






EOCNO.i 


1 



J 


DATA BUS 


TRI-STATE 



FIGURE 4. i th A/D Converter Data Retrieval Sequence 
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ADB1200 





26 

22 

21 

20 

19 J 8 l 28 l 1 

25 

24 

3 

3 

5 

6 

7 

9 

n 




COMP RU- PD/RU+ OC RR DG 


OA 

OUT Vr AG 
1 13 1 1 6 1 1 8 


c OC2 c OC1 

fi2 FT 


0.01 mF 

POLYPROPYLENE 


0.1 nt I 0.1 juF I 0.1 mF 


LOW LEAKAGE 
MYLAR 


15V -15V GND 5V OE 250 kHz 
CLOCK 


EOC** SC** 
NO. i NO. i 


CONTROL AND POWER BUS 


May be common or separate. Care should be taken to avoid ground currents 
^Direct or multiplexed access to the processor 
Note. This application is related to Figure 4 of timing diagrams 
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TO National 
Jui Semicon 


A to D, D to A 


mlA Semiconductor 

ADC0800 8-Bit A/D Converter 

General Description 

The ADC0800 is an 8-bit monolithic A/D converter 
using P-channel ion-implanted MOS technology. It 
contains a high input impedance comparator, 256 
series resistors and analog switches, control logic and 
output latches. Conversion is performed using a succes- 
sive approximation technique where the unknown 
analog voltage is compared to the resistor tie points 
using analog switches. When the appropriate tie point 
voltage matches the unknown voltage, conversion is 
complete and the digital outputs contain an 8-bit com- 
plementary binary word corresponding to the un- 
known. The binary output is TRI-STATE® to permit 
bussing on common data lines. 

The ADC0800PD is specified over -55° C to +125°C 
and the ADC0800PCD is specified over 0°C to 70°C. 


Features 

■ Low cost 

■ ±5V, 10V input ranges 

■ No missing codes 

■ Ratiometric conversion 

■ TR I -STATE outputs 

■ Fast 

■ Contains output latches 

■ TTL compatible 

■ Supply voltages 

■ Resolution 

■ Linearity 

■ Conversion speed 

■ Clock range 


Tq = 50 jus 


5 Vqc a nd —12 Vqc 
8 bits 
±1 LSB 
40 clock periods 
50 to 800 kHz 


Block Diagram 


1 P-RESIST0R 
NB0DY 


256R 

NETWORK 


ANALOG 

SWITCHES 


SELECTION 

AND 

CONTROL 

LOGIC 


END OF 
CONVERSION 


TRI-STATE® 

OUTPUT 

ENABLE 


R-NETW0RK 

BOTTOM 


DIGITAL GROUND 


4 3 2 1 1 17 1 1 6 1 14 13 


COMPLEMENTARY 
DIGITAL OUTPUT 


(00000000 = -hfull-scale) 
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ADC0800 












ADC0800 


Absolute Maximum Ratings 




Supply Voltage (Vqd) 

VSS-22V 




Supply Voltage (Vqg) 

Vss-22V 




Voltage at Any Input 

Vss + 0.3V to V S S-22V 




Storage Temperature 

Operating Temperature 

150°C 




ADC0800PD 

~55°C to +125°C 




ADC0800PCD 

0°C to +70° C 




Lead Temperature (Soldering, 10 seconds) 300°C 




Electrical Characteristics 





These specifications apply for VgS = 5.0 Vqc» v GG = —12.0 Vqc» V DD = 0 V DC» « 

reference voltage of 10.000 Vqc across 

the on-chip R-network (Vr.nETWORK TOP = 5.000 Vpc and Vr.neTWORK BOTTOM =- 

-5.000 Vqc)/ and a clock fre- 

quency of 800 kHz. For all tests, a 475f2 resistor is used from pin 5 to ground. Unless otherwise noted, these specifications apply 
over an ambient temperature range of -55°C to +125°C for the ADC0800PD and 0°C to +70° C for the ADC0800PCD. 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Non-Linearity 

Ta = 25°C, (Note 1) 



±1 

LSB 


Over Temperature, (Note 1) 



±2 

LSB 

Differential Non-Linearity 




±1/2 

LSB 

Zero Error 

* 



±2 

LSB 

Zero Error Temperature Coefficient 

(Note 2) 



0.01 

%/°C 

Full-Scale Error 




±2 

LSB 

Full-Scale Error Temperature Coefficient 

(Note 2) 



0.01 

%/°c 

Input Leakage 




1 

HA 

Logical “1" Input Voltage 

All Inputs 

vss-i.o 


Vss 

V 

Logical "0” Input Voltage 

All Inputs 

VGG 


VsS-4.2 

V 

Logical Input Leakage 

Ta = 25°C,AII Inputs, V|l = 
v S s -lov 



1 

MA 

Logical " 1 " Output Voltage 

All Outputs, loH = 100 mA 

2.4 



V 

Logical "0” Output Voltage 

All Outputs, IOL = 1-0 mA 



0.4 

V 

Disabled Output Leakage 

Ta = 25°C, All Outputs, Vql = 

Vss @ iov 



2 

/iA 

Clock Frequency 

0°C<Ta<+70°C 

50 


800 

kHz 


-55°C<T A <+125°C 

100 


500 

kHz 

Clock Pulse Duty Cycle 


40 


60 

% 

TRI-STATE Enable/Disable Time 




1 

MS 

Start Conversion Pulse 

(Note 3) 

1 


3 1/2 

Clock 






Periods 

Power Supply Current 

T A = 25°C 



20 

mA 

Note 1 : Non-linearity specifications are based on best straight line. 


- 


Note 2: Guaranteed by design only. 





Note 3: Start conversion pulse duration greater than 3 1/2 clock periods will cause conversion errors. 
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Timing Diagram 


CLOCK 

INPUT 

OV 


+5V 

START 

CONVERSION 

OV 


+5V 

EOC 

OV 


+5V 

OUTPUT 

ENABLE 

OV 


+5V 

DATA 

OV 


in 


- 40 X (1/0- 


/ 


, 7 

L 50% J 

1 

^ 50% 


1 


J 

'90% 


(TRI-STATE) “ f ' 

3 

10% 

ENABLE 

DELAY 


DISABLE 

DELAY 



Data is complementary binary (full scale is all "O's" output). 


Application Hints 


OPERATION 

The ADC0800 contains a network with 256-300^ 
resistors in series. Analog switch taps are made at the 
junction of each resistor and at each end of the net- 
work. In operation, a reference (10.00V) is applied 
across this network of 256 resistors. An analog input 
( V ||sj) is first compared to the center point of the 
ladder via the appropriate switch. If V | |\j is larger than 
V ref/2, the internal logic changes the switch points 
and now compares V||\| and 3/4 VreF- This process, 
known as successive approximation, continues until the 
best match of V|(\j and Vref/N is made. N now defines 
a specific tap on the resistor network. When the conver- 
sion is complete, the logic loads a binary word corres- 
ponding to this tap into the output latch and an end of 
conversion (EOC) logic level appears. The output latches 
hold this data valid until a new conversion is completed 
and new data is loaded into the latches. The data transfer 
occurs in about 200 ns so that valid data is present 
virtually all the time. Conversion requires 40 clock 
periods. The device may be operated in the free run- 
ning mode by connecting the Start Conversion line to 
the End of Conversion line. However, to ensure start-up 
under all possible conditions, an external Start Conver- 
sion pulse is required during power up conditions. 


least 7V above the — Vdd supply voltage to insure 
adequate voltage drive to the analog switches . 

Other reference voltages may be used (such as 10.24V). 
.If a 5V reference is used, the analog range will be 5V 
and accuracy will be reduced by a factor of 2. Thus, for 
maximum accuracy, it is desirable to operate with at 
least a 10V reference. For TTL logic levels, this requires 
5V and — 5V for the R-network. CMOS can operate at 
the 10 Vqc Vss * eve * anc * a s ' n 9* e 10 Vqc reference 
can be used. All digital voltage levels for both inputs and 
outputs will be from ground to V$S- 

ANALOG INPUT AND SOURCE RESISTANCE CON- 
SIDERATIONS 

The lead to the analog input (pin 12) should be kept as 
short as possible. Both noise and digital clock coupling 
to this input can cause conversion errors. To minimize 
any input errors, the following source resistance consid- 
erations should be noted: 

For R s < 5k No analog input bypass capacitor 

required, although a 0.1 juF input 
bypass capacitor will prevent pick- 
up due to unavoidable series lead 
inductance. 


REFERENCE 

The reference applied across the 256 resistor network 
determines the analog input range. Vref = 10.00V 
with the top of the R-network connected to 5V and the 
bottom connected to — 5V gives a ±5V range. The 
reference can be level shifted between V$S and VqG- 
However, the voltage, which is applied to the top of the 
R-network (pin 15), must not exceed V$S to prevent 
forward biasing the on-chip parasitic silicon diode 
which exists between the P-diffused resistors (pin 15) 
and the N-type body (pin 10, V$s)- Use of a standard 
logic power supply for V$S can cause problems, both 
due to initial voltage tolerance and changes over tem- 
perature. A solution is to power the V$S line (15 mA 
max drain) from the output of the op amp which is 
used to bias the top of the R-network (pin 15). The 
analog input voltage and the voltage which is applied 
to the bottom of the R-network (pin 5) must be at 


For 5k < R s < 20k A 0.1 juF capacitor from the input 
(pin 12) to ground should be used. 

For R s > 20k Input buffering is necessary. 

If the overall converter system requires lowpass filtering 
of the analog input signal, use a 20 k H or less series 
resistor for a passive RC section or add an op amp RC 
active lowpass filter (with its inherent low output 
resistance) to insure accurate conversions. 

CLOCK COUPLING 

The clock lead should be kept away from the analog 
input line to reduce coupling. 

LOGIC INPUTS 

The logical "1" input voltage swing for the Clock, Start 
Conversion and Output Enable should be (Vss — 1.0V). 
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Application Hints (Continued) 

CMOS will satisfy this requirement but a pull-up resistor 
should be used for TTL logic inputs. 

RE-START AND DATA VALID AFTER EOC 

The EOC line (pin 9) will be in the low state for a maxi- 
mum of 40 clock periods to indicate "busy". A START 
pulse which occurs while the A/D is BUSY will reset the 
SAR and start a new conversion with the EOC signal 
remaining in the low state until the end of this new 
conversion. When the conversion is complete, the EOC 
line will go to the high voltage state. An additional 4 
clock periods must be allowed to elapse after EOC goes 
high, before a new conversion cycle is requested. Start 
Conversion pulses which occur during this last 4 clock 
period interval may be ignored (see Figures 1 and 2 for 
high speed operation). This is only a problem for high 
conversion rates and keeping the number of conver- 
sions per second less than (1/44) x fCLOCK automati- 
cally guarantees proper operation. For example, for an 
800 kHz clock, 18,000 conversions per second are 
allowed. The transfer of the new digital data to the 
output is initiated when EOC goes to the high voltage 
state. 

POWER SUPPLIES 

Standard supplies are V$S = 5V, Vqg = —12V and 
Vqd = 0V. Device accuracy is dependent on stability 
of the reference voltage and has slight sensitivity to 
Vss — VqG- Vqd has no effect on accuracy. Noise 
spikes on the Vss anc * Vqg supplies can cause improper 
conversion; therefore, filtering each supply with a 
4.7 /zF tantalum capacitor is recommended. 


CONTINUOUS CONVERSIONS AND LOGIC CON- 
TROL 

Simply tying the EOC output to the Start Conversion 
input will allow continuous conversions, but an oscilla- 
tion on this line will exist during the first 4 clock periods 
after EOC goes high. Adding a D flip-flop between EOC 
(D input) to Start Conversion (Q output) will prevent 
the oscillation and will allow a stop/continuous control 
via the "clear" input. 

To prevent missing a start pulse which may occur after 
EOC goes high and prior to the required 4 clock 
period time interval, the circuit of Figure 1 can be used. 
The RS latch can. be set at any time and the 4-stage 
shift register delays the application of the start pulse 
to the A/D by 4 clock periods. The RS latch is reset 
1 clock period after the A/D EOC signal goes to the low 
voltage state. This circuit also provides a Start Conver- 
sion pulse to the A/D which is 1 clock period wide. 

A second control logic application circuit is shown in 
Figure 2. This allows an asynchronous start pulse of 
arbitrary length less than Tc, continuously converts for 
a fixed high level and provides a single clock period 
start pulse to the A/D. The binary counter is loaded with 
a count of 1 1 when the start pulse to the A/D appears. 
Counting is inhibited until the EOC signal from the A/D 
goes high. A carry pulse is then generated 4 clock 
periods after EOC goes high and is used to reset the 
input RS latch. This carry pulse can be used to indicate 
that the conversion is complete, the data has transferred 
to the output buffers and the system is ready for a new 
conversion cycle. 




FIGURE 2. A/D Control Logic 
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Application Hints (Continued) 


ZERO AND FULL-SCALE ADJUSTMENT 


Zero Adjustment: This is the offset voltage required at 
the bottom of the R-network (pin 5) to make the 
11111111 to 11111110 transition when the input 
voltage is 1/2 LSB (20 mV for a 10.24V scale). In most 
cases, this can be accomplished by having a 1 k£2 pot on 
pin 5. A resistor of 475JT2 can be used as a non-adjustable 
best approximation from pin 5 to ground. 


Full-Scale Adjustment: This is the offset voltage required 
at the top of the R-network (pin 15) to make the 
00000001 to 00000000 transition when the input 
voltage is 1 1/2 LSB from full-scale (60 mV less than 
full-scale for a 10.24V scale). This voltage is guaranteed 
to be within 2 LSB for the ADC0800. In most cases, 
this can be accomplished by having a 1 kH pot on pin 
15. 


Typical Applications 


General Connection 


Ratiometric Input Signal with Tracking Reference 



Hi-Voltage CMOS Output Levels 




OV to 10V V 1 1 \] range 
OV to 10V output levels 


Level Shifted Zero and Full-Scale for Transducers 


Level Shifted Input Signal Range 




R1 and R2 change the effective input range 
bylV/IOkft 
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Typical Applications (Continued) 

V REF = 10 Vpc W** TTL Logic Levels 



VREF = 10 Vdc With 10V CMOS Logic Levels 




OUT WITH OV INPUT 


-5V TO 5V INPUT 
TO ADC0800 


Permits TTL compatible outputs with 
OV to 10V input range (OV to —10V 
input range achieved by reversing 
polarity of zener diodes and returning 
the 6.8k resistor to V“). 


MICROPROCESSOR INTERFACE 

Figure 3 and the following sample program are included 
to illustrate both hardware and software requirements to 
allow output data from the ADC0800 to be loaded into 
the memory of a microprocessor system. For this exam- 
ple, National's INS8060, SC/MP II, microprocessor has 
been used. 


The sample program, as shown, will start the converter, 
load the converter's output data into the accumulator, 
keep track of the number of data bytes entered, com- 
plement the data and store this data into sequential 
memory locations. After 256 bytes have been entered, 
the control jumps to the user's program where proces- 
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Typical Applications (continued) 



sing of the data entered will be implemented. A more 

Pointer 2 - ENTERED DATA (ADDR's: 0200-* 02FF) 

practical program whereby each data byte entered will 

Data is stored in 2's complement binary 

be processed before another entry is made can easily be 

form, i.e, 01111111 -+ +full-scale and 

done by jumping back to the user's program at the end 

10000000-+- full-scale. 

of the interrupt routine (where the data is loaded into 


the accumulator and stored in memory). The end of 

Pointer 3- LOAD DATA SUBROUTINE (starts at 

the user's program should provide a jump back to the 

ADDR :0300) 

INITIALIZE statement to start a new conversion 

and 

Executed when an EOC signal generates an 

generate a new data entry. 


interrupt request via sense A after an IEN 



(interrupt enable) instruction. 

The following arbitrarily chosen addresses and pointer 

The address for the converter (0500) is unique for this 

assignments are used in this example: 


particular sample program but may not be in a user's 



system so a different converter address must be used. 

Pointer 1- WORD COUNT (ADDR:0100) ■ 


Note that in Figure 3 ADX and ADY for the address 

Also used to point to the A/D converter at 

decode circuitry would be address bits ADB10 and 

address 0500 for this example when data is 

ADB8 (pins 35 and 33 on the SC/MP II package) for 

to be entered. 


converter address 0500. 

SAMPLE PROGRAM TO LOAD DATA INTO MEMORY WITH SC/MP II. 

0001 08 START: 

NOP 


0002 C4 01 

LDIX'01 


0004 35 

XPAH 1 


0005 C4 00 

LDIX'00 


0007 31 

XPAL 1 

; PI =0100 

0008 C4 02 

LDIX'02 


000A 36 

XPAH 2 


000B C4 00 

LDIX'00 


000D C9 00 

ST (PI) 

; Zero word count (PI) 

000 F 32 

XPAL 2 

; P2 = 0200 

0010 C4 03 

LDIX'03 


0012 37 

XPAH 3 


0013 08 INITIALIZE: 

NOP 


0014 C4 00 

LDIX'00 


0016 33 

XPAL 3 

; P3 = 0300 

0017 C4 01 

LDIX'01 


, 0019 07 

CAS 

; Starts converter via flag 0 

001 A Cl 00 

LD (PI) 


001C F4FF 

XRIX'FF 


001 E 98 05 

JZ DTAIN ; Test to see if word count is FF, 



if so, jump to DTA IN 

0020 05 

IEN 

; Enables INTERRUPT 

0021 08 LOOP: 

NOP 


0022 90 FE 

JMP LOOP ; Loop until EOC j 

0024 08 DTAIN: 

NOP 


1 


; User program to process data 

:DATA ENTRY SUBROUTINE 


0300 08 DATA IN SR: 

NOP 


0301 A9 00 

ILD (PI) 

; Increment word count 

0303 C4 05 

LDIX'05 


0305 35 

XPAH 1 

; PI will point to converter 

0306 Cl 00 

LD (PI) 

; Converter data' loaded into 



accumulator 

0308 F4 7F 

XRIX'7F 

; Put data in 2's complement form 

030A CE 01 

ST @ 1 (P2) ; Store data 

030C C4 00 

LDIX'00 


030 E 07 

CAS 

; Resets flag 0 

030 F C4 01 

LDIX'01 


0311 35 

XPAH 1 

; Resets PI to point at word count 

0312 C4 13 

LDIX'13 


0314 33 

XPAL 3 


( 0315 3F 

XPPC3 

; Return to INITIALIZE to start a 



new - conversion 
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Typical Applications (Continued) 


5V 



• Setting flag 0 (FLGO = 1) with software, starts conversion (FLGO must be cleared before another conversion can be initiated) 

• With interrupt enabled an EOC will force an interrupt. Interrupt subroutine should load converter data into the accumulator. 

• Output data is in complementary offset binary form 

• Numbers in parentheses denote pin numbers of SC/MP chip 

*ADX and ADY can be any of the address lines but they must be high only at the time the converter output data is to be put on the data bus 
(i.e., the converter must have its own unique address) 

FIGURE 3. Interfacing to the SC/MP II Microprocessor 
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Typical Applications (Continued) 

TESTING THE A/D CONVERTER 

There are many degrees of complexity associated with 
testing an A/D converter. One of the simplest tests is to 
apply a known analog input voltage to the converter 
and use LED's to display the resulting digital output 
code as shown in Figure 4. Note that the LED drivers 
invert the digital output of the A/D converter to provide 
a binary display. A lab DVM can be used if a precision 
voltage source is not available. After adjusting the zero 
and full-scale, any number of points can be checked, 
as desired. 

For ease of testing, a 10.24 Vdc reference is recom- 
mended for the A/D converter. This provides an LSB of 
40 mV (10.240/256). To adjust the zero of the A/D, an 
analog input voltage of 1/2 LSB or 20 mV should be 


applied and the zero adjust potentiometer should be set 
to provide a flicker on the LSB LED readout with all the 
other display LEDs OFF. 

To adjust the full-scale adjust potentiometer, an analog 
input which is 1 1/2 LSB less than the reference (10.240— 
0.060 or 10.180 Vqc) should be applied to the analog 
input and the full-scale adjusted for a flicker on the LSB 
LED, but this time with all the other LEDs ON. 

A complete circuit for a simple A/D tester is shown in 
Figure 5. Note that the clock input voltage swing and 
the digital output voltage swings are from 0V to 10.24V. 
The MM74C901 provides a voltage translation to 5V 
operation and also the logic inversion so the readout 
LEDs are in binary. 


INPUT VOLTAGE 



^>0— V W (jj) -05V 


OUTPUT I 
ENABLE 


|^>0--AAAr- 


◄r ° 5v 


LSB 

& 


44-05V 


BINARY DISPLAY 


FIGURE 4. Basic A/D Tester 


ANALOG 

INPUT 



-7V DC 


FIGURE 5. Complete Basic Tester Circuit 
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Typical Applications (Continued) 


The digital output LED display can be decoded by 
dividing the 8 bits into the 4 most significant bits and 
4 least significant bits. Table I shows the fractional 
binary equivalent of these two 8-bit groups. By adding 
the decoded voltages which are obtained from the col- 
umn: “Input Voltage Value with a 10.240 Vref" of 
both the MS and LS groups, the value of the digital 
display can be determined. For example, for an output 
LED display of “1011 0110“ or “B6“ (in hex) the 
voltage values from the table are 7.04 + 0.24 or 


7.280 Vqc- These voltage values represent the center 
values of a perfect A/D converter. The input voltage has 
to change by ±1/2 LSB (±20 mV), the “quantization 
uncertainty" of an A/D, to obtain an output digital code 
change. The effects of this quantization error have to be 
accounted for in the interpretation of the test results. 
A plot of this natural error source is shown in Figure 6 
where, for clarity, both the analog input voltage and the 
error voltage are normalized to LSBs. 


TABLE I. DECODING THE DIGITAL OUTPUT LEDs 



FRACTIONAL BINARY VALUE FOR 

INPUT VOLTAGE 

VALUE WITH 

10.24 Vref 

i MS GROUP 

LS GROUP 

MS GROUP 

LS GROUP 


1 1 0.1 
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Typical Applications (Continued) 

A low speed ramp generator can also be used to sweep 
the analog input voltage and the LED outputs will 
provide a binary counting sequence from zero to full- 
scale. 

The techniques described so far are suitable for an 
engineering evaluation or a quick check on performance. 
For a higher speed test system, or to obtain plotted 
data,, a digital-to-analog converter is needed for the 
test set-up. An accurate 10-bit DAC can serve as the 
precision voltage source for the A/D. Errors of the A/D 
under test can be provided as either analog voltages or 
differences in two digital words. 

A basic A/D tester which uses a DAC and provides the 
error as an analog output voltage is shown in Figure 7. 
The 2 op amps can be eliminated if a lab DVM with a 
numerical subtraction feature is available to directly 
readout the difference voltage, "A— C". The analog 



input voltage can be supplied by a low frequency ramp 
generator and an X-Y plotter can be used to provide 
analog error (Y axis) versus analog input (X axis). The 
construction details of a tester of this type are provided 
in the NSC application note AN-179, "Analog-to- 
Digital Converter Testing". 

For operation with a microprocessor or a computer- 
based test system, it is more convenient to present the 
errors digitally. This can be done with the circuit of 
Figure 8 where the output code transitions can be 
detected as the 10-bit DAC is incremented. This provides 
1/4 LSB steps for the 8-bit A/D under test. If the results 
of this test are automatically plotted with the analog 
input on the X axis and the error (in LSB's) as the Y 
axis, a useful transfer function of the A/D under test 
results. For acceptance testing, the plot is not necessary 
and the testing speed can be increased by establishing 
internal limits on the allowed error for each code. 



FIGURE 8. Basic "Digital" A/D Tester 


Connection Diagram 


Dual-ln-Line Package 

R ' 

NET- 
WORK LSB 

VOO 2- 5 2~ 6 TOP 2-7 2~* V|N CLOCK V ss 



Order Number ADC0800PD (-55° C to +125°C) 
or ADC0800PCD <0°C to +70° C) 

See NS Package D18A 
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ADC0801, ADC0802, ADC0803, ADC0804, ADC0805 



National 

Semiconductor 


A to D, D to A 


ADC0801, ADC0802, ADC0803, ADC0804, ADC0805 8-Bit /x? 
Compatible A/D Converters 


General Description 

The ADC0801, ADC0802, ADC0803, ADC0804 and 
ADC0805 are CMOS 8-bit successive approximation A/D 
converters which use a differential potentiometric 
ladder-similar to the 256R products. These converters 
are designed to allow operation with the NSC800 and 
INS8080A derivative control bus, and TRI-STATE® 
output latches directly drive the data bus. These A/Ds 
appear like memory locations or I/O ports to the micro- 
processor and no interfacing logic is needed. 

A new differential analog voltage input allows increasing 
the common-mode rejection and offsetting the analog 
zero input voltage value. In addition, the voltage refer- 
ence input can be adjusted to allow encoding any smaller 
analog voltage span to the full 8 bits of resolution. 


Features 1 

■ Compatible with 8080 juP derivatives— no inter- 
facing logic needed — access time — 135 ns 

■ Easy interface to all microprocessors, or operates 
"stand alone" 


■ Differential analog voltage inputs 

■ Logic inputs and outputs meet both MOS and t2l 
voltage level specifications 

■ Works with 2.5V (LM336) voltage reference 

h On-chip clock generator 

■ 0V to 5V analog input voltage range with single 5V 
supply 

■ No zero adjust required 

■ 0.3" standard width 20-pin DIP package 

■ Operates ratiometrically or with 5 VqC' 2.5 Vpc^ 
or analog span adjusted voltage reference 

Key Specifications 

■ Resolution 8 bits 

■ Total error ±1/4 LSB, ±1/2 LSB and ±1 LSB 

■ Conversion time 100 jus 


Typical Applications 


5V 



cs 

►O 


RD 

►O 


NSC800, 



8080, yyp 

kO 


Z80, 


A/D 

8048, 



ETC. 

CM 

A 

inTr 


( DATA 



TRI-STATE® is a registered trademark of National Semiconductor Corp. 


ERROR SPECIFICATION (INCLUDES FULL-SCALE, ZERO ERROR, AND NON-LINEARITY) | 

PART NUMBER 

FULL-SCALE 

Vref/2= 2.500 V DC 

Vref/2 = NO CONNECTION 

ADJUSTED 

(NO ADJUSTMENTS) 

(NO ADJUSTMENTS) 

ADC0801 

ADC0802 

ADC0803 

ADC0804 

AOC0805 

±1/4 LSB 

±1/2 LSB 

±1/2 LSB 

±1 LSB 

±1 LSB 


8-28 








Absolute Maximum Ratings (Notes 1 and 2) 

Supply Voltage (Vcc) (Note 3) 6.5V 


Operating Ratings (Notes 1 i 


Supply Voltage (Vcc) (Note 3) 
Voltage 

Logic Control Inputs 
At Other Input and Outputs 
Storage Temperature Range 
Package Dissipation at = 25° C 


-0.3 V to +18V 
-0.3V to (V CC + 0.3V) 
-65° C to +150°C 
875 mW 


Lead Temperature (Soldering, 10 seconds) 


Temperature Range 
ADC0801/02LD 
ADC0801 /02/03/04LCD 
ADC0801 /02/03/05LCN 
ADC0804LCN 
Range of Vqq 


Tmin < t A < t MAX 
-55° C < T A < +125°C 
-40° C < T A < +85° C 
-40° C < T a < +85° C 
0° C < T a < +70° C 
4.5 Vqc to 6.3 Vqc 


Electrical Characteristics 

The following specifications apply for Vcc = 5 Vdc* Tmin < Ta < Tmax and fCLK = 640 kHz unless otherwise specified. 


PARAMETER 

ADC0801 : 

Total Adjusted Error 
(Note 8) 

ADC0802: 

Total Unadjusted Error 
(Note 8) 

ADC0803: 

Total Adjusted Error 
(Note 8) 

ADC0804: 

Total Unadjusted Error 
(Note 8) 

ADC0805: 

Total Unadjusted Error 
(Note 8) 

VREF/2 Input Resistance (Pin 9) 

Analog Input Voltage Range 
DC Common-Mode Error 

Power Supply Sensitivity 


With Full-Scale Adj. 
(See Section 2.5.2) 

Vref/2= 2.500 V D C 


With Full-Scale Adj. 
(See Section 2.5.2) 


V RE f/2= 2.500 V DC 


VrEF/2-No Connection 

ADC0801/02/03/05 
ADC0804 (Note 9) 

(Note 4) V(+) or V(-) 

Over Analog Input Voltage 
Range 

VcC = 5 VdC ±10% Over 
Allowed V|n(+) and V||\|(-) 
Voltage Range (Note 4) 


v CC + 0.05 

±1/8 


AC Electrical Characteristics 

The following specifications apply for Vqc= 5 Vqc and Ta = 25°C unless otherwise specified. 


PARAMETER | CONDITIONS 


Conversion Time 

Conversion Time 

Clock Frequency 

Clock Duty Cycle 

Conversion Rate In Free-Running 

Mode 

Width of WR Input (Start Pulse 
Width) 

Access Time (Delay from 
Falling Edge of RD to Output 
Data Valid) 

TRI-STATE Control (Delay 
from Rising Edge of RD to 
Hi-Z State) 

Delay from Falling Edge 
of WR or RD to Reset of INTR 
Input Capacitance of Logic 
Control Inputs 


fCLK = 640kHz (Note 6) 
(Note. 5, 6) 

Vcc= 5V, (Note 5) 

(Note 5) 

INTR tied to WR with 

CS = 0V DC . fCLK = 640 kHz 

CS = 0V DC (Note 7) 

C|_= 100 pF 


C|_= 10pF, R L = 10k 
(See TRI-STATE Test 
Circuits) 


MIN 

TYP 

MAX 

UNITS 

103 


114 

JUS 

66 


73 

1/fCLK 

100 

640 

1460 

kHz 

40 


60 

8770 

% 

conv/s 


8 


1 CquT 


TRI-STATE Output 
Capacitance (Data Buffers) 


5 


7.5 
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ADC0801, ADC0802, ADC0803, ADC0804, ADC0805 


Electrical Characteristics 





The following specifications apply for Vcc = 5 Vdc anc * T|\/| IN < Ta < T|\/|AX. unless otherwise specified. 


PARAMETER ' 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately] j 

V|[\| (1) Logical "1" Input Voltage 

(Except Pin 4 CLK IN) 

V C C = 5.25 V D C 

2.0 


15 

VDC 

V||\| (0) Logical "0" Input Voltage 
(Except Pin 4 CLK IN) 

V C C = 4.75 V D C 



0.8 

VDC 

l|N (1) Logical "1" Input Current 

(All Inputs) 

V|N = 5 Vpc 


0.005 

1 

pApc 

i IN (0) Logical "0" Input Current 

(All Inputs) 

V|N = 0Vpc 

-1 

-0.005 


pAqc 

CLOCK IN AND CLOCK R | 

Vy + CLK IN (Pin 4) Positive Going 

Threshold Voltage 


2.7 

3.1 

3.5 

VDC 

V-j CLK IN (Pin 4) Negative 

Going Threshold Voltage 


1.5 

1.8 

2.1 

VDC 

Vh CLK IN (Pin 4) Hysteresis 

(V T +) - (Vt — ) 


0.6 

1.3 

2.0 

' V DC 

VoUT (0) Logical "0" CLK R Output 
Voltage 

lO = 360 pA 

V C C = 4.75 V D C 



0.4 

VDC 

VoutH) Logical "1” CLK R Output 
Voltage 

lO = -360 pA 

V C C = 4.75 V D C 

2.4 



VDC 

| DATA OUTPUTS AND INTR | 

Vout(°) Logical "0" Output Voltage 

Data Outputs 

INTR Output 

•out = 1-6 mA, Vcc = 4.75 Vpc 
•OUT = 1-0 mA, Vcc = 4.75 Vpc 



0.4 

0.4 

VDC 

Vdc 

VoUT (1 ) Logical "1 " Output Voltage 

l 0 = -360 pA, V C C = 4.75 V DC 

2.4 



VDC 

VOUT H ) Logical "1 " Output Voltage 

l 0 = —10 pA, V C C = 4.75 V DC 

4.5 



Vdc 

•OUT TRI-STATE Disabled Output 

Leakage (All Data Buffers) 

v OUT= 0 Vpc 
v OUT = 5 Vpc 

-3 


3 

pAdc 

pAdc 

•source 

v OUT Short to Gnd, Ta = 25°C 

4.5 

6 


mApC 

•sink 

VOUT Short to Vcc. Ta = 25°c 

9.0 

16 


mApC 

| POWER SUPPLY | 

•CC Supply Current (Includes 

Ladder Current) 

fCLK = 640 kHz, 

Vref/2 = NC, Ta = 25°C 
and CS = "1" 

ADC0801 /02/03/05 

ADC0804 (Note 9) 


1.1 

1.9 

1.8 

2.5 

mA 

mA 

Note 1: Absolute maximum ratings are those values beyond which the life of the device may be impaired. 

Note 2: All voltages are measured with respect to Gnd, unless otherwise specified. The separate A Gnd point should always be wired to the D Gnd. 

Note 3: A zener diode exists, internally, from Vcc to Gnd and has a typical breakdown voltage of 7 Vqq. 

Note 4: For V||y|(~) > V|n(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see block diagram) 

which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vqq supply. Be careful, 
during testing at low Vqq levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct— especially at elevated temperatures, 
and cause errors for analog inputs near full-scale. The spec allows 50 mV forward bias of either diode. This means that as long as the analog V | jsj 
does not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an absolute 0 Vpc to 5 Vqq input voltage 
range will therefore require a minimum supply voltage of 4.950 Vqq over temperature variations, initial tolerance and loading. 

Note 5: Accuracy is guaranteed at fpLK = 640 kHz. At higher clock frequencies accuracy can degrade. For lower clock frequencies, the duty 
cycle limits can be extended so long as the minimum clock high time interval or minimum clock low time interval is no less than 275 ns. 

Note 6: With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion 

process. The start request is internally latched, see Figure 2 and section 2.0. 

Note 7: The CS input is assumed to bracket the WR strobe input and therefore timing is dependent on the WR pulse width. An arbitrarily wide 
pulse width will hold the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see 
timing diagrams). 

Note 8: None of these A/Ds requires a zero adjust (see section 2.5.1). To obtain zero code at other analog input voltages see section 2.5 and 
Figure 5. 

Note 9: For ADC0804LCD typical value of Vrep/2 input resistance is 8 k SI and of Ice is 1.1 mA. 
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OUTPUT CURRENT (mA) fCLK< kHz) LOGIC INPUT THRESHOLD VOLTAGE (V) 


Typical Performance Characteristics 


Logic Input Threshold Voltage 
vs. Supply Voltage 



4 50 4.75 5.00 5.25 5.50 

V CC - SUPPLY VOLTAGE (V DC ) 


Delay From Falling Edge of 
RD to Output Data Valid 
vs. Load Capacitance 
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V CC - SUPPLY VOLTAGE (V DC ) 


fCLK vs - Clock Capacitor 


100 

CLOCK CAPACITOR (pF) 


Full-Scale Error vs 
Conversion Time 


ngpui 

IK99HII 


40 60 80 100 120 140 

Tq, CONVERSION TIME (ms) 


Effect of Unadjusted Offset Error 
vs. Vref/ 2 Voltage 
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■111 
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■■1 

■il 

ml 

■Mia 

V|n( + ) = VinH = ov. 
ASSUMES V os = 2 mV. 
THIS SHOWS THE NEED 
FOR A ZERO ADJ. IF 
THE SPAN IS REDUCED. 
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Output Current vs Temperature 


Power Supply Current 
vs Temperature (Note 9) 


Linearity Error at Low 
Vref/ 2 Voltages 



-50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 


S 0.4 f C |.K 3 M0 kHz 

I CS= 1 

S 0 1. 1 □ .1. 1 LI 1 I L L LL1 

-50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 


-ADC0801 LCB _ 2(VREF/2> - 

(ZEROANDFULL- 
SCALE ADJUSTED) - 


_1 LSB VALUE (mV). 


1(12 BITS) 00 BITS) 9 77 (8 B ITS) 

\l/ i r~/\— hOBiTS)-r\-rH 


1 2 
V REF /2 VOLTAGE (V DC ) 
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TRI-STATE® Test Circuits and Waveforms 



Timing Diagrams {All timing is measured from the 50% voltage points) 


START - \ 

CONVERSION 

" \ / 



Output Enable and Reset INTR 


INTR RESET 
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Typical Applications (Continued) 


Directly Converting a Low-Level Signal A juP Interfaced Comparator 



1 mV Resolution with juP Controlled Range 


V REF /2 =128 mV ( 5 Vq C ) 



Digitizing a Current Flow 
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Typical Applications (Continued) 

Self-Clocking Multiple A/Ds 



Use a large R value 
to reduce loading 
at CLK R output. 



External Clocking 



I— 

CLK 

I— 

__ 

— 






»CLK ► CLK IN 


100 kHz < f CLK < 1460 kHz 


Self-Clocking in Free-Runnirig Mode 

D— — ■ VifjW CLK R ■ 

D V IN <-> S 10l< 


[jl? Interface for Free-Running A/D 




rr 

~ c T* > v>-o 

WR A/D CLK R 

~ZL 

0.001 1! 

A7 

sDy 

RD 

CLK IN 

_P', 

_ 150 pF 


After power-up, a momentary grounding 

of the WR input is needed to guarantee operation. 


Operating with "Automotive" Ratiometric Transducers 


PREVENTS RD 
-DURING A/D 
DATA UPDATE 


<72 x,/, “k> re ; et 

Ratiometric with Vref/ 2 Forced 


VinW 

Vcc 

V in H 



A/D 


ADC080S 


VREF/2 


V i n (— > = 0.15 Vcc | 

15% of Vcc < VxDR < 85% of Vqq — 
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1 ± 


See Figure 5 to select R value 
DB7 = "1" for V||\j(+) •> V| N (-) + (V REF /2) 
Omit circuitry within the dotted area if 
hysteresis is not needed 

Handling ±10V Analog Inputs I 


Low-Cost, juP Interfaced, Temperature-to-Digital Converter 



V| N (+) v cc 


Beckman Instruments #694-3-R10K resistor array 


juP Interfaced Temperature-to-Digital Converter 


V| N H V REF /2 


LM335** . 
(2.98V @ 25° C, 

10 mV/°K) ' 


VinW 

v cc 


A/D 

V| M <7> 

VREF/2 


Circuit values shown are for 0°C < < +128°C 

Can calibrate each sensor to allow easy replacement, then 
A/D can be calibrated with a pre-set input voltage. 


ilk 

r— VNAr— 
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fc = 20 Hz 

Uses Chebyshev implementation for steeper roll-off 

unity -gain, 2nd order, low-pass filter 

Adding a separate filter for each channel increases - 

system response time if an analog multiplexer 

is used 



Output Buffers with A/D Data Enabled 


Increasing Bus Drive and/or Reducing Time on Bus 




A/D output data is u pdated 1 CLK period 
prior to assertion of INTR 


Allows output data to set-up at falling edge of CS 
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Typical Applications (Continued) 

• Sampling an AC Input Signal 



Note 1: Oversample whenever possible [keep fs > 2f(— 60)] to eliminate input frequency folding 
(aliasing) and to allow for the skirt response of the filter. 

Note 2: Consider the amplitude errors which are introduced within the passband of the filter. 


70% Power Savings by Clock Gating 



Power Savings by A/D and Vref Shutdown 



*Use ADC0801 , 02, 03 or 05 for lowest power consumption. 

Note: Logic inputs can be driven to with A/D supply at zero volts. 

Buffer prevents data bus from overdriving outputs of A/D when in shutdown mode. 
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1.0 UNDERSTANDING A/D ERROR SPECS 

A perfect A/D transfer characteristic (staircase wave- 
form) is shown in Figure la. The horizontal scale is 
analog input voltage and the particular points labeled are 
in steps of 1 LSB (19.53 mV with 2.5V tied to the 
Vref/ 2 pin). The digital output codes which correspond 
to these inputs are shown as D— 1, D, and D+1. For 
the perfect A/D, not only will center-value (A— 1, A, 
A+1, . . .) analog inputs produce the correct output 
digital codes, but also each riser (the transitions between 
adjacent output codes) will be located ±1/2 LSB away 
from each center-value. As shown, the risers are ideal and 
have no width. Correct digital output codes will be 
provided for a range of analog input voltages which ex- 
tend ±1/2 LSB from the ideal center-values. Each tread 
(the range of analog input voltage which provides the 
same digital output code) is therefore 1 LSB wide. 

Figure 1b shows a worst case error plot for the ADC0801 . 
All center-valued inputs are guaranteed to produce the 
correct output codes and the adjacent risers are guaran- 
teed to be no closer to the center-value points than 


±1/4 LSB. In other words, if we apply an analog input 
equal to the center-value ±1/4 LSB, we guarantee that 
the A/D will produce the correct digital code. The 
maximum range of the position of the code transition is 
indicated by the horizontal arrow and it is guaranteed to 
be no more than 1/2 LSB. 

The error curve of Figure 1c shows a worst case error 
plot for the ADC0802. Here we guarantee that if we 
apply an analog input equal to the LSB analog voltage 
center-value the A/D will produce the correct digital code. 

Next to each transfer function is shown the correspond- 
ing error plot. Many people may be more familiar with 
error plots than transfer functions. The analog input 
voltage to the A/D is provided by either a linear ramp or 
by the discrete output steps of a high resolution DAC. 
Notice that the error is continuously displayed and 
includes the quantization uncertainty of the A/D. For 
example the error at point 1 of Figure la is +1/2 LSB 
because the digital code appeared 1/2 LSB in advance of 
the center-value of the tread. The error plots always have 
a constant negative slope and the abrupt upside steps 
are always 1 LSB in magnitude. 


Transfer Function 



a) Accuracy 


Error Plot 



ANALOG INPUT (V tN ) 

= ±0 LSB A Perfect A/D 


Transfer Function 


Error Plot 




ANALOG INPUT <V| N ) ANALOG INPUT (V| N ) 

b) Accuracy = ±1/4 LSB 


Transfer Function 


Error Plot 



ANALOG INPUT (V| N ) 



ANALOG INPUT (V| N > 


c) Accuracy = ±1/2 LSB 

FIGURE 1. Clarifying the Error Specs of an A/D Converter 
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2.0 FUNCTIONAL DESCRIPTION 

The ADC0801 series contains a circuit equivalent of 
the 256R network. Analog switches are sequenced 
by successive approximation logic to match the analog 
difference input voltage [V||\j(+) - V||\j(— )] to a corre- 
sponding tap on the R network. The most significant 
bit is tested first and after 8 comparisons (64 clock 
cycles) a digital 8-bit binary code (1111 1111 = full- 
scale) is transferred to an output latch and then an 
interrupt is asserted (INTR makes a high-to-low tran- 
sition). A conversion in process can be interrupted by 
issuing a second start command. The device m ay be 
operated in the free-running mode by connecting INTR 
to the WR input with CS = 0. To insure start-up under 
all possible conditions, an external WR pulse is required 
during the first power-up cycle. 

On the high-to-low transition of the WR input the 
internal SAR latches and the shi_ft_ register stages are 
reset. As long as the CS input and WR input remain low, 
the A/D will remain in a reset state. Conversion will 
start from 1 to 8 dock periods after at least one of these 
inputs makes a low-to-high transition. 


A functional diagram of the A/D converter is shown in 
Figure 2. All of the package pinouts are shown and the 
major logic control paths are drawn in heavier weight 
lines. 

The converter is started by having CS and WR simul- 
taneously low. This sets the start flip-flop (F/F) and the 
resulting "1” level resets the 8-bit shift register, resets 
the Interrupt (INTR) F/F and inputs a "1” to the D 
flop, F/F1, which is at the input end of the 8-bit shift 
register. Internal -clock signals then transfer this "1" to 
the Q output of F/F1. The AND gate, G1, combines 
this "1" output with a clock signal to provide a reset 
signal to the s tart F/F. If the set signal is no longer 
present (either WR or CS is a “1") the start F/F is reset 
and the 8-bit shift register then can have the "1" clocked 
in, which starts the conversion process. If the set signal 
were to still be present, this reset pulse would have no 
effect (both outputs of the start F/F would momentarily 
be at a "1" level) and the 8-bit shift register would coh- 
tinue to be held _in thej^set mode. This logic therefore 
allows for wide CS and WR signals and the converter will 
start after at least one of these signals returns high and 
the internal clocks again provide a reset signal for the 
start F/F. 



Note 1: CS shown twice for clarity. 

Note 2: SAR = Successive Approximation Register. 

FIGURE 2. Block Diagram 
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After the "1" is clocked through the 8-bit shift register 
(which completes the SAR search) it appears as the 
input to the D-type latch, LATCH 1. As soon as this 
"1" is output from the shift register, the AND gate, 
G2, causes the new digital word to transfer to the 
TRI-STATE output latches. When LATCH 1 is sub- 
sequently enabled, the Q output makes a high-to-low 
transition which causes the INTR F/F to set. An in- 
verting buffer then supplies the INTR output signal. 

Note that this SET control of the INTR F/F remains 
low for 8 of the external clock periods (as the internal 
clocks run at 1/8 of the frequency of the external 
clock). If the data output is con tinuou sly enabled 
(CS and RD both held low), the INTR output will 
still signal the end of conv ersion (by a high-to-low 
transition), because the SET input can control the Q 
output of the INTR F/F even though the RESET 
input is co nstantl y at a "1" level in this operating 
mode. This INTR o utput will therefore stay low for 
the duration of the SET signal, which is 8 periods of 
the external clock frequency (assuming the A/D is not 
started during this interval). 

When operating in the free-running or continuous 
conversion mode (INTR pin tied to WR and CS" wired 
low— see also section 2.8), the START F/F is SET 
by the high-to-low transition of the INTR signal. This 
resets the SHIFT REGISTER which causes the input 
to the D-type latch, LATCH 1, to go low. As the latch 
enable input is still present, the, Q output will go high, 
which then allows the INTR F/F to be RESET. This 
reduces the width of the resulting INTR output pulse 
to only a few propagation delays (approximately 300 ns). 

When d ata is to be read, the combination of both 
CS and RD being low will cause the INTR F/F to be 
reset and the TRI-STATE output latches will be enabled 
to provide the 8-bit digital outputs. 

2.1 Digital Control Inputs ° 

The digital control inputs (CS, RD, and WR) meet 
standard T^L logic voltage levels. These signals have been 
renamed when compared to the standard A/D Start and 
Output Enable labels. In addition, these inputs are active 
low to allow an easy interface to microprocessor control 
busses. For non-microprocessor based applications, the 
CS input (pin 1) can be grounded and the standard A/D 
Start function is obtained by an active low pulse applied 
at the WR input (pin 3) and the Output Enable function 
is caused by an active low pulse at the RD input (pin 2). 

2.2 Analog Differential Voltage Inputs and 
Common-Mode Rejection 

This A/D has additional applications flexibility due to 
the analog differential voltage input. The V||\j(-) input 
(pin 7) can be used to automatically subtract a fixed 
voltage value from the input reading (tare correction). 
This is also useful in 4 mA— 20 mA current loop conver- 
sion. In addition, common-mode noise can be reduced 
by use of the differential input. 

The time interval between sampling V||\|(+) and V 1 1 \] ( — ) 
is 4-1/2 clock periods. The maximum error voltage due 


to this slight time difference between the input voltage 
samples is given by: 

AVe(MAX) = (V P ) (27rf cm ) / — 

VCLK 

where: , 

AV e is the error voltage due to sampling delay 
Vp is the peak value of the common-mode voltage 
f C m is the common-mode frequency 

As an example, to keep this error to 1/4 LSB (~5 mV) 
when operating with a 60 Hz common-mode frequency, 
f cm , and using a 640 kHz A/D clock, fCLK» would 
allow a peak value of the common-mode voltage, Vp, 
which is given by: 

_ [AVe(MAX) (fCLK)3 
P (27Tf cm ) (4.5) 

or ; 



V P = 


(5x 10 3 ) (640 x 10 3 ) 
(6.28) (60) (4.5) 


which gives 
Vp s 1.9V. 

The allowed range of analog input voltages usually places 
more severe restrictions on input common-mode noise 
levels. 

An analog input voltage with a reduced span and a 
relatively large zero offset can be easily handled by 
making use of the differential input (see section 2.4 
Reference Voltage). 

2.3 Analog Inputs 

2.3.1 Input Current 

Normal Mode 

Due to the internal switching action, displacement 
currents will flow at the analog inputs. This is due to on- 
chip stray capacitance to ground as shown in Figure 3. 



| 60 ns 


| TIME 



r 0 N of SW 1 and SW 2 S 5 kft 
r = tqn ^STR AY s 5 kfi x 1 2 pF = 60 ns 

FIGURE 3. Analog Input Impedance 
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The voltage on this capacitance is switched and will 
result in currents entering the V||\j(+) input pin and 
leaving the V||\](-) input which will depend on the 
analog differential input voltage levels. These current 
transients occur at the leading edge of the internal 
clocks. They rapidly decay and do not cause errors 
as the on-chip comparator is strobed at the end of the 
clock period. 

Fault Mode 

If the voltage source which is applied to the V|[\j{+) 
pin exceeds the allowed operating range of VqC + 
50 mV, large input currents can flow through a par- 
asitic diode to the Vcc pin. If these currents could 
exceed the 1 mA max allowed spec, an external diode 
(1N914) should be added to bypass this current to the 
Vcc P' n (with the current bypassed with this diode, 
the voltage at the V|[\j(+) pin can exceed the Vcc 
voltage by the forward voltage of this diode). 

2.3.2 Input Bypass Capacitors 

Bypass capacitors at the inputs will average these charges 
and cause a DC current to flow through the output 
resistances of the analog signal sources. This charge 
pumping action is worse for continuous conversions 
with the V||\|(+) input voltage at full-scale. For con- 
tinuous conversions with a 640 kHz clock frequency 
with the V||\|(+) input at 5V, this DC current is at a 
maximum of approximately 5 juA. Therefore, bypass 
capacitors should not be used at the analog inputs or 
the Vref/ 2 pin for high resistance sources (> 1 k!2). 
If input bypass capacitors are necessary for noise fil- 
tering and high source resistance is desirable to minimize 
capacitor , size, the detrimental effects of the voltage 
drop across this input resistance, which is due to the 
average value of the input current, can be eliminated 
with a full-sc3le adjustment while the given source re- 
sistor and input bypass capacitor are both in place. This 
is possible because the average value of the input current 
is a precise linear function of the differential input 
voltage. 

2.3.3 Input Source Resistance 

Large values of source resistance where an input bypass 
capacitor is not used, will not cause errors as the input 
currents settle out prior to the comparison time. If a 
low pass filter is required in the system, use a low 
valued series resistor (< 1 k!2) for a passive RC section 
or add an op amp RC active low pass filter. For low 
source resistance applications, (< 1 k!2), a 0.1 pf bypass 
capacitor at the inputs will prevent pickup due to series 
lead inductance of a long wire. A 10012 series resistor 
can be used to isolate this capacitor-both the R and C 
are placed outside the feedback loop— from the output 
of an op amp, if used. 

2.3.4 Noise 

The leads to the analog inputs (pins 6 and 7) should be 
kept as short as possible to minimize input noise 
coupling. Both noise and undesired digital clock coupling 
to these inputs can cause system errors. The source 
resistance for these inputs should, in general, be kept 
below 5 k!2. Larger values of source resistance can cause 
undesired system noise pickup. Input bypass capacitors, 
placed from the analog inputs to ground, will eliminate 


system noise pickup but can create analog scale errors as 
these capacitors will average the transient input switching 
currents of the A/D (see section 2.3.1). This scale error 
depends on both a large source resistance and the use of 
an input bypass capacitor. This error can be eliminated 
by doing a full-scale adjustment of the A/D (adjust 
Vrep/ 2 for a proper full-scale reading-see section 2.5.2 
on Full-Scale Adjustment) with the source resistance 
and input bypass capacitor in place. 

2.4 Reference Voltage 

2.4.1 Span Adjust 

For maximum applications flexibility, these A/Ds have 
been designed to accommodate a 5 Vqc. 2.5 Vqc or an 
adjusted voltage reference. This has been achieved in the 
design of the 1C as shown in Figure 4. 

v cc <Vref) 



FIGURE 4. The VrefERENCE Design on the 1C 

Notice that the reference voltage for the 1C is either 1/2 
of the voltage which is applied to the Vcc supply pin, 
or is equal to the voltage which is externally forced at 
the Vref/ 2 pin. This allows for a ratiometric voltage 
reference using the Vcc supply, a 5 Vqc reference 
voltage can be used for the Vqq supply or a voltage less 
than 2.5 Vqc can be applied to the Vref/ 2 input for 
increased application flexibility. The internal gain to the 
v REF/2 input is 2 making the full-scale differential 
input voltage twice the voltage at pin’ 9. 

An example of the use of an adjusted reference voltage is 
to accommodate a reduced span— or dynamic voltage 
range of the analog input voltage. If the analog input 
voltage were to range from 0.5 Vqc to 3.5 VdC/ instead 
of 0V to 5 Vdc» the span would be 3V as shown in 
Figure 5. With 0.5 Vqc applied to the V|[\|(-) pin to 
absorb the offset, the reference voltage can be made 
equal to 1/2 of the 3V span or 1.5 VpC- The A/D now 
will encode the V|[\j(+) signal from 0.5V to 3.5V with 
the 0.5V input corresponding to zero and the 3.5 Vqc 
input corresponding to full-scale. The full 8 bits of 
resolution are therefore applied over this reduced 
analog input voltage range. 
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a) Analog Input Signal Example 


b) Accommodating an Analog Input from 
0.5V (Digital Out = OOhex) to 3.5V 
(Digital Out= FFhex) 


FIGURE 5. Adapting the A/D Analog Input Voltages to Match an Arbitrary Input Signal Range 


2.4.2 Reference Accuracy Requirements 

The converter can be operated in a ratiometric mode or 
an absblute mode. In ratiometric, converter applications, 
the magnitude of the reference voltage is a factor in both 
the output of the source transducer and the output of 
the A/D converter and therefore cancels out in the final 
digital output code. The ADC0805 is specified par- 
ticularly for use in ratiometric applications with no 
adjustments required. In absolute conversion appli- 
cations, both the initial value and the temperature 
stability of the reference voltage are important accuracy 
factors in the operation of the A/D converter. For 
VrEF/ 2 voltages of 2.5 Vqc nominal value, initial 
errors of ±10 mVQC will cause conversion errors of 
±1 LSB due to the gain of 2 of the Vref/2 input. 
In reduced span applications, the initial value and the 
stability of the Vref/ 2 input voltage become even 
more important. For example, if the span is reduced 
to 2.5V, the analog input LSB voltage value is cor- 
respondingly reduced from 20 mV (5V span) to 10 mV 
and 1 LSB at the Vref/2 input becomes 5 mV. As 
can be seen, this reduces the allowed initial tolerance 
of the reference voltage and requires correspondingly 
less absolute change with temperature variations. Note 
that spans smaller than 2.5V place even tighter require- 
ments on the initial accuracy and stability of the ref- 
erence source. 


In general, the magnitude of the reference voltage will 
require an initial adjustment. Errors due to an improper 
value of reference voltage appear as full-scale errors in 
the A/D transfer function. 1C voltage regulators may be 
used for references if the ambient temperature changes 
are not excessive. The LM336B 2.5V 1C reference diode 


(from National Semiconductor) is available which has 
a temperature stability of 1.8 mV typ (6 mV max) 
over 0°C < T/\ < +70°C. Other temperature range 
parts are also available. 

2.5 Errors and Reference Voltage Adjustments 

2.5.1 Zero Error 

The zero of the A/D does not require adjustment. If the 
minimum analog input voltage value, V||yj (MIN), ' s 
not ground, a zero offset can be done. The converter 
can be made to output 0000 0000 digital code for this 
minimum input voltage by biasing the A/D V||\| (-) input 
at this V | N((VI IN) value (see Applications section). This 
utilizes the differential mode operation of the A/D. 

The zero error of the A/D converter relates to the 
location of the first riser of the^ transfer function and 
can be measured by grounding the V (-) input and 
applying a small magnitude positive voltage to the V (+) 
input. Zero error is the difference between the actual 
DC input voltage which is necessary to just cause an 
output digital code transition from 0000 0000 to 0000 
0001 and the ideal 1/2 LSB value (1/2 LSB = 9.8 mV 

for Vref/2 = 2.500 V D C>- 

2.5.2 Full-Scale 

The full-scale adjustment can be made by applying a 
differential input voltage which is 1-1/2 LSB down from 
the desired analog full-scale voltage range and then ad- 
justing the magnitude of the Vref/2 input (pin 9 
or the Vqc supply if pin 9 is not used) for a digital 
output code which is just changing from 1111 1110 
to 1111 1111. 
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2.5.3 Adjusting for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the A/D is shifted away 
from ground (for example, to accommodate an analog 
input signal which does not go to ground) this new 
zero reference should be properly adjusted first. A 
V||\|(+) voltage which equals this desired zero reference 
plus 1/2 LSB (where the LSB is calculated for the 
desired analog span, 1 LSB = analog span/256) is applied 
to pin 6 and the zero reference voltage at pin 7 should 
then be adjusted to just obtain the OOheX to 01 HEX 
code transition. 


The full-scale adjustment should then be made (with 
the proper V|[\j(-) voltage applied) by forcing a voltage 
to the V||\|(+) input which is given by: 


V||\| (+) fs adj - V MAX — 1 * 5 


(Vmax-vmin) 

256 


where: 

V[\/|AX = The high end of the analog input range 


be completed, therefore the data of the previous con- 
version remains in this latch. The INTR output also 
simply remains at the “1 " level. 

2.8 Continuous Conversions 

For operation in the free-running mode an initializing 
pulse should be used, following power-up, to insure 
circuit operation. _ln_ this application, th e CS input is 
grounded and the W R input is tied to the INTR output. 
This WR and INTR node should be momentarily forced 
to logic low following a power-up cycle to guarantee 
operation. 

2.9 Driving the Data Bus 

This MOS A/D, like MOS microprocessors and mem- 
ories, will require a bus driver when the total capacitance 
of the data bus gets large. Other circuitry, which is tied 
to the data bus, will add to the total capacitive loading, 
even in TRI-STATE (high impedance mode). Backplane 
bussing also greatly adds to the stray capacitance of the 
data bus. 


and 

VmiN = low end (the offset zero) of the analog 
range. (Both are grouqd referenced.) 

The V ref/ 2 (or Vcc) voltage is then adjusted to 
provide a code change from FEHEX to F^HEX- This 
completes the adjustment procedure. 


There are some alternatives available to the designer to 
handle this problem. Basically, the capacitive loading of 
the data bus slows down the response time, even though 
DC specifications are still met. For systems operating 
with a relatively slow CPU clock frequency, more time is 
available in which to establish proper logic levels on the 
bus and therefore higher capacitive loads can be driven 
(see typical characteristics curves). 


2.6 Clocking Option 

The clock for the A/D can be derived from the CPU 
clock or an external RC can be added to provide self- 
clocking. The CLK IN (pin 4) makes use of a Schmitt 
trigger as shown in Figure 6. 



FIGURE 6. Self-Clocking the A/D 

Heavy capacitive or DC loading of the clock R pin 
should be avoided as this will disturb normal converter 
operation. Loads less than 50 pF, such as driving up to 7 
A/D converter clock inputs from a single clock R pin of 
1 converter, are allowed. For larger clock line loading, a 
CMOS or low power T^L buffer or PNP input logic 
should be used to minimize the loading on the clock 
R pin (do not use a standard T^L buffer). 

2.7 Restart During a Conversion 

If the A/D is restarted (CS and WR go low and return 
high) during a cohversion, the converter is reset and a 
new conversion is started. The output data latch is not 
updated if the conversion in process is not allowed to 


At higher CPU clock frequencies time can be extended 
for I/O reads (and/or writes) by inserting wait states 
(8080) or using clock extending circuits (6800). 

Finally, if time is short and capacitive loading is high, 
external bus drivers must be used. These can be TRI- 
STATE buffers (low power Schottky is recommended 
such as the DM74LS240 series) or special higher drive 
current products which are designed as bus drivers. 
High current bipolar bus drivers with PNP inputs are 
recommended. 

2.10 Power Supplies < 

Noise spikes on the Vqq supply line can cause conversion 
errors as the comparator will respond to this noise. A 
low inductance tantalum filter capacitor should be used 
close to the converter Vqc pin and values of 1 /iF or 
greater are recommended. If an unregulated voltage is 
available in' the system, a separate LM340LAZ-5.0, 
TO-92, 5V voltage regulator for the converter (and 
other analog circuitry) will greatly reduce digital noise 
on the Vqc supply. 

2.11 Wiring and Hook-Up Precautions 

Standard digital wire wrap sockets are not satisfactory 
for breadboarding this A/D converter. Sockets on PC 
boards can be used and all logic signal wires and leads 
should be grouped and kept as far away as possible from 
the analog signal leads. Exposed leads to the analog 
inputs can cause undesired digital noise and hum pickup, 
therefore shielded leads may be necessary in many ap- 
plications. 



8-45 


ADC0801, ADC0802, ADC0803, ADC0804, ADC0805 




ADC0801, ADC0802, ADC0803, ADC0804, ADC0805 


A single point analog ground should be used which is 
separate from the logic ground points. The power supply' 
bypass capacitor and the self-clocking capacitor {if used) 
should both be returned to digital ground. Any Vref/2 
bypass capacitors, analog input filter capacitors, or input 
signal shielding should be returned to the analog ground 
point. A test for proper grounding is to measure the 
zero error of the A/D converter. Zero errors in excess of 
1/4 LSB can usually be traced to improper board layout 
and wiring (see section 2.5.1 for measuring the zero 
error). 

3.0 TESTING THE A/D CONVERTER 

There are many degrees of complexity associated with 
testing an A/D converter. One of the simplest tests is to 
apply a known analog input voltage to the converter and 
use LEDs to display the resulting digital output code as 
shown in Figure 7. 

For ease of testing, the Vref/ 2 (pin 9) should be 
supplied with 2.560 Vpc and a Vcc supply voltage of 
5.12 Vqc should be used. This provides an LSB value 
of 20 mV. 

If a full-scale adjustment is to be made, an analog input 
voltage of 5.090 V D c (5.120 - 1 1/2 LSB) should be 
applied to the V||\|(+) pin with the V | [\j (— ) pin grounded. 
The value of the Vref/2 input voltage should then 
be adjusted until the digital output code is just changing 
from 1111 1110 to 1111 1111. This value of Vref/2 
should then be used for all the tests. 

The digital output LED display can be decoded by 
dividing the 8 bits into 2 hex characters, the 4 most 
significant (MS) and the 4 least significant (LS). Table I 
shows the fractional binary equivalent of these two 4-bit 
groups. By adding the decoded voltages which are ob- 
tained from the column: Input voltage value for a 2.560 
Vref/ 2 of both the MS and the LS groups, the value of 

10k 



the digital display can be determined. For example, for 
an output LED display of 1011 01 10 or B6 (in hex), the 
voltage values from the table are 3.520 + 0.120 or 
3.640 Vdq. These voltage values represent the center- 
values of a perfect A/D converter. The effects of quanti- 
zation error have to be accounted for in the interpreta- 
tion of the test results. 

For a higher speed test system, or to obtain plotted 
data, a digital-to-analog converter is needed for the test 
set-up. An accurate 10-bit DAC can serve as the precision 
voltage source for the A/D. Errors of the A/D under test 
can be provided as either analog voltages or differences 
in 2 digital words. 

A basic A/D tester which uses a DAC and provides the 
error as an analog output voltage is shown in Figure 8. 
The 2 op amps can be eliminated if a lab DVM with a 
numerical subtraction feature is available to directly 
readout the difference voltage, "A— C". The analog 
input voltage can be supplied by a low frequency ramp 
generator and an X-Y plotter can be used to provide 
analog error (Y axis) versus analog input (X axis). The 
construction details of a tester of this type are provided 
in the NSC application note AN-179, "Analog-to-Digital 
Converter Testing". 

For operation with a microprocessor or a computer- 
based test system, it is more convenient to present the 
errors digitally. This can be done with the circuit of 
Figure 9, where the output code transitions can be 
detected as the 10-bit DAC is incremented. This provides 
1/4 LSB steps for the 8-bit A/D under test. If the results 
of this test are automatically plotted with the analog 
input on the X axis and the error (in LSB's) as the Y 
axis, a useful transfer function of the A/D under test 
results. For acceptance testing, the plot is not necessary 
and the testing speed can be increased by establishing 
internal limits on the allowed error for each code. 

4.0 MICROPROCESSOR INTERFACING . 

To discuss the interface with 8080A and 6800 micro- 
processors, a common sample subroutine structure is 
used. The microprocessor starts the A/D, reads and 
stores the results of 16 successive conversions, then re- 
turns to the user's program. The 16 data bytes are stored 
in 16 successive memory locations. All Data and Ad- 
dresses will be given in hexadecimal form. Software 
and hardware details are provided separately for each 
type of microprocessor. 

4.1 Interfacing 8080 Microprocessor Derivatives 
(8048, 8085) 

This converter has been designed to directly interface 
with derivatives of the 8080 microprocessor. The A/D 
can be mapped into memory space (usi ng stan dard 
memory address decoding for CS and the MEMR and 
MEMW strobe s) or it can be cont rolled as an I/O device 
by using the I/O R and I/O W strobes and decoding 
the address bits A0 -> A7 (or address bits A8 -> A15 
as they will contain the same 8-bit address information) 
to obtain the CJT input. Using the I/O space provides 
256 additional addresses and may allow a simpler 
8-bit address decoder but the data can only be input 
to the accumulator. To make use of the additional 
memory reference instructions, the A/D should be 
mapped into memory space. An example of an A/D 
in I/O space is shown in Figure 10. 
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analogO- 

INPUTSq- 


1 1 50 pF | 


X 


-j>° 


Wm (27)* 


10k 

-AAV- 


-« i70"RB (25)* 


cs 


VCC 

RD 


CLKR 

WR 


DB0 

Tnt 

A/D 

DB2 

V IN{+> 


DB3 

V|NH 


DB4 

A GND 


DB5 

VREF/Z 


0B6 

D GND 


DB7 


DM8131 

BUS 

COMPARATOR 


V CC 


Wo, 


J 


"10 pF 


17 

. ► 

16 


15 


14 


13 


12 


11 




>DB0<13)* 
OBI (16)* 
DB2 (11)* 
DB3 (9)* 
"► DB4 (5)* 
DB5 (18)* 
DB6 (20)* 
DB7 (7)* 


-4 AD15 (36) 
-4 AD14 (39) 


-4 A013 (38) 
-4 AD12 (37) 
- 4 A011 (40) 
- 4 AD10(1) 


Note 1: *Pin numbers for the INS8228 system controller, others are INS8080A. 

Note 2: Pin 23 of the INS8228 must be tied to +12V through a 1 kn resistor to generate the RST 7 
instruction when an interrupt is acknowledged as required by the accompanying sample program. 

FIGURE 10. ADC0801— INS8080A CPU Interface 


SAMPLE PROGRAM FOR FIGURE 10 ADC0801-INS8080A CPU INTERFACE 


0038 

C3 00 03 

RST 7: 

JMP LD DATA 


0100 

21 00 02 

START: 

LXI H 0200H 

HL pair will point to 





data storage locations 

0103 

31 00 04 

RETURN: 

LXI SP 0400 H 

Initialize stack pointer (Note 1 

0106 

7D 


MOV A, L 

Test # of bytes entered 

0107 

FE OF 


CPI OF H 

If #= 16. JMP to 

0109 

CA 13 01 


JZ CONT 

user program 

010C 

D3 EO 


’ OUT E0 H 

Start A/D 

010E 

FB 


El 

Enable interrupt 

010F 

00 

LOOP: 

NOP 

Loop until end of 

0110 

C3 OF 01 


JMP LOOP 

conversion 

01 13 


CONT: 





(User program to 





process data) 


' 

0300 

DB E0 

LD DATA: 

IN E0 H 

Load data into accumulator 

0302 

77 


MOV M, A 

Store data 

0303 

23 


INX H 

Increment storage pointer 

0304 

C3 03 01 


JMP RETURN 



Note 1: The stack pointer must be dimensioned because a RST 7 instruction pushes the PC onto the stack. 
Note 2: All addresses used were arbitrarily chosen. 
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The stan dard control bus signals of the 8080 {CS, RD 
and WR) can be directly wired to the digital control in- 
puts of the A/D and the bus timing requirements are met 
to allow both starting the converter and outputting the 
data onto the data bus. A bus driver should be used for 
larger microprocessor systems where the data bus leaves 
the PC board and/or must drive capacitive loads larger 
than 100 pF. 


is still required to generate the appropriate CS for the 
converter. 

It is important to note that in systems where the A/D 
converter is 1-of-8 or less I/O mapped devices, no address 
decoding circuitry is necessary. Each of the 8 address 
bits (AO to A7) can be directly used as CS inputs— one 
for each I/O device. 

4.1.2 INS8048 Interface 


4.1.1 Sample 8080A CPU Interfacing Circuitry and 
Program 

The following sample program and associated hardware 
shown in Figure 10 may be used to input data from the 
converter to the INS8080A CPU chip set (comprised 
of the INS8080A microprocessor, the INS8228 system 
controller and the INS8224 clock generator). For 
simplicity, the A/D is controlled as an I/O device, 
specifically an 8-bit bi-directional port located at an 
arbitrarily chosen port address, E0. The TRI-STATE 
output capability of the A/D eliminates the need for a 
peripheral interface device, however address decoding 


The INS8048 interface technique with the ADC0801 
series (see Figure 11) is simpler than the 8080A CPU 
interface. There are 24 I/O lines and three test input 
lines in the 8048. With these extra I/O lines available, 
one of the I/O lines (bit 0 of port 1) is used as the 
chip select signal to the A/D, thus eliminating the use 
of an extern al a ddress decoder. Bus control signals 
RD, WR and I NT of the 8048 are tied directly to the 
A/D. The 16 converted data words are stored at on- 
chip RAM locations from 20 to 2F (Hex). The RD 
and WR signals are generated by reading from and 
writing into a dummy address, respectively. A sample 
interface program is shown below. 



SAMPLE PROGRAM FOR FIGURE 11 INS8048 INTERFACE 


04 10 


JMP 

10H 

Program starts at addr 10 



ORG 

3H 


04 50 


JMP 

50H 

Interrupt jump vector 



ORG 

10H 

Main program 

99 FE 


ANL 

PI , #0FEH 

Chip select 

81 


MOVX 

A, @R1 

Read in the 1st data 





to reset the intr 

89 01 

START: 

ORL 

P1,#1 

Set port pin high 

B8 20 


MOV 

R0, #20H 

Data address 

B9FF 


MOV 

R1,#0FFH 

Dummy address 

BA 10 


MOV 

R2, #10H 

Counter for 16 bytes 

23 FF 

AGAIN: 

MOV 

A, #0FFH 

Set ACC for intr loop 

99 FE 


ANL 

P1,#0FEH 

Send CS (bit Oof PI) 

91 


MOVX 

@R1 , A 

Send WR out 

05 


EN 

1 

Enable interrupt 

96 21 

LOOP: 

JNZ 

LOOP 

Wait for interrupt 

EA IB 


DJNZ 

R2, AGAIN 

If 16 bytes are read 

00 


NOP 


go to user's program 

00 


NOP 





ORG 

50H 


81 

IN DATA: 

MOVX 

A, @R1 

; Input data, CS still low 

A0 


MOV 

@R0, A 

: Store in memory 

18 


INC 

R0 

: Increment storage counter 

89 01 


ORL 

PI, #1 

: Reset CS signal 

27 


CLR 

A 

: Clear ACC to get out of 

93 


RETR 


: the interrupt loop 
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SAMPLE PROGRAM FOR FIGURE 12- INS8073 INTERFACE 


100 

110 

120 

130 

140 

150 

160 

170 

180 

190 


C = 16 
D = #13D0 
@ #3000 = A 
A = ST AT AND #20 
IF AO 0 THEN GO TO 130 
@ D = @ #3000 
D = D + 1 
C = C-1 

IFOOTHEN GO TO 120 
RETURN 


REM C is the 16 bytes counter 

REM D points to data address 

REM start A/D 

REM wait until interrupt 

REM from A/D 

REM input converted data 

REM increment data address 

REM check counter 

REM if 16 data have been read 

REM return to main program 


FIGURE 12. INS8073 Interface 


4.1.3 INS8073 Interface 

The INS8073 allows users to program directly in Tiny 
Basic. DS1 488/1 489 driver/receiver chips are used for 
level buffering to communicate via RS-232. (For a de- 
tailed description of the INS8073 and the Tiny Basic, 
see INS8073 data sheet.) The ADC0801 is mapped 
into the memory space of the 8073 system (see 
Figure 12). A RAM of Ik bytes is provided in which 
the first 256 bytes are used by the Tiny Basic micro- 
interpreter. Address 3000 (Hex) is assigned to the 
A/D and the 16 converted data bytes are stored at 
external RAM locations from 13D0 to 13DF (Hex). 
STAT function is used to examine the interrupt sig- 
nal from the A/D. A sample Tiny Basic subroutine is 
given in the sample program for Figure 12 — INS8073 
Interface. 


4.3 Interfacing 6800 Microprocessor Derivatives 
(6502, etc.) 

The control bus for the 6800 microprocessor derivatives 
does not use the RD _and WR strobe signals. Instead it 
employs a single R/W line and additional timing, if 
needed, can be derived from the 02 clock. All I/O 
devices are memory mapped in the 6800 system, and a 
special signal, VMA, indicates that the current address is 
valid. Figure 14 shows an interface schematic where the 
A/D is memory mapped in the 6800 system. For sim- 
plicity, the CS decoding is shown using 1/2 DM8092. 
Not e that in many 6800 systems, an already decoded 
4/5 line is brought out to the common bus at pin 21. 
This can be tied directly to the CS pin of the A/D, pro- 
vided that no other devices are addressed at HEX 
ADDR: 4XXX or 5XXX. 


4.2 Interfacing the Z-80 

The Z-80 control bus is slightly different from that of 
the 8080. General RD and WR stro bes are provided and 
separa te memory request, MREQ, and I/O request, 
IORQ, signals are used which have to be combined with 
the generalized strobes to provide the equivalent 8080 
signals. An advantage of operating the A/D in I/O space 
with the Z-80 is t hat the CPU will automatically insert 
one wait state (the RD and WR strobes are extended one 
clock period) to allow more time for the I/O devices to 
respond. Logic to map the A/D in I/O space is shown in 
Figure 13. 



FIGURE 13. Mapping the A/D as an I/O Device 
for Use with the Z-80 CPU 

Additional I/O advantages exist as software DMA rou- 
tines are available and use can be made of the output 
data transfer which exists on the upper 8 address lines 
(A8 to A15) during I/O input instructions. For example, 
MUX channel selection for the A/D can be accomplished 
with this operating mode. 


The following subroutine essentially performs the same 
function as in the case of the 8080A interface and it can 
be called from anywhere in the user's program. 

In Figure 15 the ADC0801 series is interfaced to the 
M6800 microprocessor through (the arbitrarily chosen) 
Port B of the MC6820 or MC6821 Peripheral Interface 
Adapter, (PIA). Here the CS pin of the A/D is grounded 
since the PIA is already memory mapped in the M6800 
system and no CS decoding is necessary. Also notice 
that the A/D output data lines are connected to the 
microprocessor bus under program control through 
the PIA and therefore the A/D RD pin can be grounded. 

A sample interface program equivalent to the previous 
one, is shown below Figure 15. The PIA Data and 
Control Registers of Port B are located at HEX ad- 
dresses 8006 and 8007, respectively. 

5.0 GENERAL APPLICATIONS 

The following applications show some interesting uses 
for the A/D. The fact that one particular microprocessor 
is used is not meant to be restrictive. Each of these appli- 
cation circuits would have its counterpart using any 
microprocessor which is desired. 
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5.1 Multiple ADC0801 Series to MC6800 CPU 
Interface 

To transfer analog data from several channels to a single 
microprocessor system, a multiple converter scheme 
presents several advantages over the conventional multi- 
plexer single-converter approach. With the ADC0801 


series, the differential inputs allow individual span 
adjustment for each channel. Furthermore, all analog 
input channels are sensed simultaneously, which essen- 
tially divides the microprocessor's total system servicing 
time by the number of channels, since all conversions 
occur simultaneously. This scheme is shown in Figure 16. 



FIGURE 14. ADC0801—MC6800 CPU Interface 
SAMPLE PROGRAM FOR FIGURE 14 ADC0801-MC6800 CPU INTERFACE 


0010 

DF 36 

DATAIN 

STX 

TEMP2 

; Save contents of X 

0012 

CE 00 2C 


LDX 

#$002C 

; Upon IRQ low CPU 

0015 

FF FF F8 


STX 

SFFF8 

; jumps to 002C 

0018 

B7 50 00 


ST A A 

$5000 

; Starts ADC0801 

001 B 

0E 


CLI 



001 C 

3E 

CONVRT 

WAI 


; Wait for interrupt 

001 D 

DE 34 


LDX 

TEMPI 


00 IF 

8C 02 OF 


CPX 

-S020F 

; Is final data stored? 

0022 

27 14 


BEQ 

ENDP 


0024 

B7 50 00 


STAA 

$5000 

; Restarts ADC0801 

0027 

08 


INX 



0028 

DF 34 


STX 

TEMPI 


002A 

20 F0 


BRA 

CONVRT 


002C 

DE 34 

INTRPT 

LDX 

TEMPI 


002E 

B6 50 00 


LDAA 

$5000 ' 

; Read data 

0031 

A7 00 


STAA 

X 

; Store it at X 

0033 

3B 


RTI 



0034 

02 00 

TEMPI 

FDB 

$0200 

; Starting address for 
; data storage 

0036 

00 00 

TEMP2 . 

FDB 

$0000 


0038 

CE 02 00 

ENDP 

LDX 

#$0200 

; Reinitialize TEMPI 

003 B 

DF 34 


STX 

TEMPI 


003 D 

DE 36 


LDX 

TEMP2 


003 F 

39 


RTS 


; Return from subroutine 
; To user's program 


Note 1: In order for the microprocessor to service subroutines and interrupts, the stack pointer must be 
dimensioned in the user's program. 
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SAMPLE PROGRAM FOR FIGURE 15 ADC0801-MC6820 PIA INTERFACE 


0010 

CE 00 38 

DATA IN 

LDX 

#$0038 

; Upon IRQ low CPU 

0013 

FF FF F8 


STX 

$FFF8 

; jumps to 0038 

0016 

B6 80 06 


LDAA 

PIAORB 

; Clear possible IRQ flags 

0019 

4F 


CLRA 



001 A 

B7 80 07 


STAA 

PIACRB 


001 D 

B7 80 06 


STAA 

PIAORB 

; Set Port B as input 

0020 

OE 


CLI 



0021 

C6 34 


LDAB 

#$34 


0023 

86 3D 


LDAA 

#$3D 


0025 

F7 80 07 

CONVRT 

STAB 

PIACRB 

; Starts ADC0801 

0028 

B7 80 07 


STAA 

PIACRB 


002 B 

3E 


WAI 


; Wait for interrupt 

002C 

DE 40 


LDX 

TEMPI 


002 E 

8C 02 OF 


• CPX 

#$020 F 

; Is final data stored? 

0031 

27 OF 


BEQ 

ENDP 


0033 

08 


INX 



0034 

DF 40 


STX 

TEMPI 


0036 

20 ED 


BRA 

CONVRT 


0038 

DE 40 

INTRPT 

LDX 

TEMPI 


003A 

B6 80 06 


LDAA 

PIAORB 

; Read data in 

003 D 

A7 00 


STAA 

X 

; Store it at X 

003 F 

3B 


RTI 



0040 

02 00 

TEMPI 

FDB 

$0200 

; Starting address for 






; data storage 

0042 

CE 02 00 

ENDP 

LDX 

#$0200 

; Reinitialize TEMPI 

0045 

DF 40 


STX 

TEMPI 


0047 

39 


RTS 


; Return from subroutine 



PIAORB 

EQU 

$8006 

; To user's program 



PIACRB 

EQU 

$8007 
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The following schematic and sample subroutine (DATA 
IN) may be used to interface (up to) 8 ADC0801's 
directly to the MC6800 CPU. This scheme can easily be 
extended to allow the interface of more converters. In 
this configuration the converters are (arbitrarily) located 
at HEX address 5000 in the MC6800 memory space. To 
save components, the clock signal is derived from just 
one RC pair on the first converter. This output drives the 
other A/Ds. 

All the converters are started simultaneously with a 
STORE instruction at HEX address 5000. Note that any 
other HEX address of the form 5XXX will be decoded 
by the circuit, pulling all the CS inputs low. This can 
easily be avoided by using a more definitive address de- 
coding scheme. All the interrupts are ORed together to 
insure that all A/Ds have completed their conversion 
before the microprocessor is interrupted. 

The subroutine, DATA IN, may be called from anywhere 
in the user's program. Once called, this routine initializes- 


the CPU, starts all the converters simultaneously and 
waits for the interrupt signal. Upon receiving the in- 
terrupt, it reads the converters (from HEX addresses 5000 
through 5007) and stores the data successively at (arbi- 
trarily chosen) HEX addresses 0200 to 0207, before 
returning to the user's program. All CPU registers then 
recover the original data they had before servicing DATA 
IN. 

5.2 Auto-Zeroed Differential Transducer Amplifier 
and A/D Converter 

The differential inputs of the ADC0801 series eliminate 
the need to perform a differential to single ended 
conversion for a differential transducer. Thus, one op 
amp can be eliminated since the differential to single 
ended conversion is provided by the differential input 
of the ADC0801 series. In general, a transducer preamp 
is required to take advantage of the full A/D converter 
input dynamic range. 



Note 1: Numbers in parentheses refer to MC6800 CPU pin out. 

Note 2: Numbers or letters in brackets refer to standard M6800 system common bus code. 

FIGURE 16. Interfacing Multiple A/Ds in an MC6800 System 
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SAMPLE PROGRAM FOR FIGURE 16 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM 
ADDRESS HEX CODE MNEMONICS COMMENTS 


0010 

DF 44 

DATA IN 

STX 

TEMP 

; Save Contents of X 

0012 

CE 00 2A 


LDX 

#$002A 

; Upon IRQ LOW CPU 

0015 

FF FF F8 


STX 

$FFF8 

; Jumps to 002A 

0018 

B7 50 00 


ST A A 

$5000 

; Starts all A/D's 

001 B 

0E 


CLI 



001 C 

3E 


WAI 


; Wait for interrupt 

001 D 1 

CE 50 00 


LDX 

#$5000 


0020 

DF 40 


STX 

INDEX1 

; Reset both INDEX 

0022 

CE 02 00 


LDX 

#$0200 

; 1 and 2 to starting 

0025 

DF 42 


STX 

INDEX2 

; addresses 

0027 

DE 44 


LDX 

TEMP 


0029 

39 


RTS 


; Return from subroutine 

002A 

DE 40 

INTRPT 

LDX 

INDEX1 

;INDEX1 X 

002C 

A6 00 


LDAA 

X 

; Read data in from A/D at X 

002 E 

08 


INX 


; Increment X by one 

002 F 

DF 40 


STX 

INDEX1 

;X -> INDEX1 

0031 

DE 42 


LDX 

INDEX2 

; INDEX2 -» X 

0033 

A7 00 


ST A A 

X 

; Store data at X 

0035 

8C 02 07 


CPX 

#$0207 

;Have all A/D's been read? 

0038 

27 05 


BEQ 

RETURN 

;Yes: branch to RETURN 

003A 

08 


INX 


;No: increment X by one 

003 B 

DF 42 


STX 

INDEX2 

;X -> INDEX2 

003 D 

20 EB 


BRA 

INTRPT 

; Branch to 002A 

003 F 

3B 

RETURN 

RTI 



0040 

50 00 

INDEX1 

FDB 

$5000 

; Starting address for A/D 

0042 

02 00 

INDEX2 

FDB 

$0200 

;Starting address for data storage 

0044 

00 00 

TEMP 

FDB 

$0000 



Note 1: In order for the microprocessor to service subroutines and interrupts, the stack pointer must be dimensioned in 
the user's program. 

of the preamp. Switch SW1 is closed to force the pre- 
amp's differential input to be zero during the zeroing 
subroutine and then opened and SW2 is then closed for 
conversion of the actual differential input signal. Using 
2 switches in this manner eliminates concern for the ON 
resistance of the switches as they must conduct only the 
input bias current of the input amplifiers. 

Output Port B is used as a successive approximation 
register by the 8080 and the binary scaled resistors in 
series with each output bit create a D/A converter. 
During the zeroing subroutine, the voltage at V x in- 
creases or decreases as required to make the differential 
output voltage equal to zero. This is accomplished by 
insuring that the voltage at the output of A1 is approxi- 
mately 2.5V so that a logic "1" (5V) on any output of 
Port B will source current into node V x thus raising the 
voltage at V x and making the output differential more 
negative. Conversely, a logic "0" (0V) will pull current 
out of node V x and decrease the voltage, causing the 
differential output to become more positive. For the 
resistor values shown, V x can move ±12 mV with a 
resolution of 50 mV which will null the offset error 
term to 1/4 LSB of full-scale for the ADC0801. It is 
important that the voltage levels which drive the auto- 
zero resistors be constant. Also, for symmetry, a logic 
swing of 0V to 5 V is convenient. To achieve this, a 
CMOS buffer is used for the logic output signals of Port 
B and this CMOS package is powered with a stable 5V 
source. Buffer amplifier A 1 is necessary so that it can 
source or sink the D/A output current. 


For amplification of DC input signals, a major system 
error is the input offset voltage of the amplifiers used 
for the preamp. Figure 17 is a gain of 100 differential 
preamp whose offset voltage errors will be cancelled by a 
zeroing subroutine which is performed by the INS8080A 
microprocessor system. The total allowable input offset 
voltage error for this preamp is only 50 mV for 1/4 LSB 
error. This would obviously require very precise ampli- 
fiers. The expression for the differential output voltage 
of the preamp is: 

[ 2R2 1 

1+— 1 + 

SIGNAL GAIN 

/ 2R2\ 

< v os2 “ V osi - v os3 ± «x R x> + ~ J 

DC ERROR TERM GAIN 

where l x is the current through resistor R x . All of the 
offset error terms can be cancelled by making ±I X R X = 
Vosi + V 0S 3 - V 0 s 2 - This is the principle of this 
auto-zeroing scheme. 

The INS8080A uses the 3 I/O ports of an INS8255 Pro- 
grammable Peripheral Interface (PPI) to control the auto 
zeroing and input data from the ADC0801 as shown in 
Figure 18. The PPI is programmed for basic I/O opera- 
tion (mode 0) with Port A being an input port and Ports 
B and C being output ports. Two bits of Port C are used 
to alternately open or close the 2 switches at the input 


8-54 





8-55 


ADC0801, ADC0802, ADC0803, ADC0804, ADC0805 









ADC0801, ADC0802, ADC0803, ADC0804, ADC0805 


A flow chart for the zeroing subroutine is shown in 
Figure 19. It must be noted that the ADC0801 series 
will output an all zero code when it converts a negative 
input [ V | |\j {— ) > V||\|(+)] . Also, a logic inversion exists 
as all of the I/O ports are buffered with inverting gates. 

Basically, if the data read is zero, the differential output 
voltage is negative, so a bit in Port B is cleared to pull 
V x more negative which will make the output more 
positive for the next conversion. If the data read is not 
zero, the output voltage is positive so a bit in Port B 
is set to make V x more positive and the output more 
negative. This continues for 8 approximations and the 
differential output eventually converges to within 5 mV 
of zero. 

The actual program is given in Figure 20. All addresses 
used are compatible with the BLC 80/10 microcomputer 
system. In particular: 

Port A and the ADC0801 are at port address £4 

Port B is at port address E5 

Port C is at port address E6 

PPI control word port is at port address E7 

Program Counter automatically goes to ADDR:3C3D 

upon acknowledgement of an interrupt from the 

ADC0801 


5.3 Multiple A/D Converters in a Z-80 
Interrupt Driven Mode 

In data acquisition systems where more than one A/D 
converter (or other peripheral device) will be interrupting 
program execution of a microprocessor, there is ob- 
viously a need for the CPU to determine which device 
requires servicing. Figure 21 and the accompanying 
software is a method of determining which of 7 
ADC0801 converters has completed a conversion (INTR 
asserted) and is requesting an interrupt. This circuit 
allows starting the A/D converters in any sequence, 
but will input and store valid data from the converters 
with a priority sequence of A/D 1 being read first, 
A/D 2 second, etc., through A/D 7 which would have 
the lowest priority for data being read. Only the con- 
verters whose I NT is asserted will be read. 

The key to decoding circuitry is the DM74LS373, 
8-bit D type flip-flop. When the Z-80 acknowledges 
the interrupt, the program is vectored to a data input 
Z-80 subroutine. This subroutine will read a peripheral 
status word from the DM74 LS373 which contains 
the logic state of the INTR outputs of all the con- 
verters. Each converter which initiates an interrupt 
will place a logic "0" in a unique bit position in the 
status word and the subroutine will determine the 
identity of the converter and execute a data read. An 
identifier word (which indicates which A/D the data 
came from) is stored in the next sequential memory 
location above the location of the data so the program 
can keep track of the identity of the data entered. 



FIGURE 19. Flow Chart for Auto-Zero Routine 
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3D00 

3E90 

MVI 90 



3D02 

D3E7 

Out Control Port 


; Program PPI 

3D04 

2601 

MVI H 01 

Auto-Zero Subroutine 


3D06 

7C 

MOV A,H 



3D07 

D3E6 

OUT C 


; Close SW1 , open SW2 

3D09 

0680 

MVI B 80 


; Initialize SAR bit pointer 

3D0B 

3E7F 

MVI A 7F 


; Initialize SAR code 

3D0D 

4F 

MOV C,A 

Return 


3D0E 

D3E5 

OUT B 


; Port B = SAR code 

3D10 

31AA3D 

LXI SP 3DAA 

Start 

; Dimension stack pointer 

3D13 

D3E4 

OUT A 


; Start A/D 

3D15 

FB 

IE 



3D16 

00 

NOP 

Loop 

; Loop until INT asserted 

3D17 

C3163D 

JMP Loop 



3D1 A 

7A 

MOV A,D 

Auto-Zero 


3D1B 

C600 

ADI 00 



3D1D 

CA2D3D 

JZ Set C 


; Test A/D output data for zero 

3D20 

78 

MOV A,B 

Shift B 


3D21 

F600 

ORI 00 


; Clear carry 

3D23 

IF 

RAR 


; Shift "1" in B right one place 

3D24 

FE00 

CPI 00 


; Is B zero? If yes last 

3D26 

CA373D 

JZ Done 


; approximation has been made 

3D29 

47 

MOV B.A 



3D2A 

C3333D 

JMP New C 



3D2D 

79 

MOV A,C 

Set C 


3D2E 

B0 

ORA B 


; Set bit in C that is in same 

3D2F 

4F 

MOV C,A 


; position as "1” in B 

3D30 

C3203D 

JMP Shift B 



3D33 

A9 

XRA C 

New C 

; Clear bit in C that is in 

3D34 

C30D3D 

JMP Return 


; same position as "1" in B 

3D37 

47 

MOV B,A 

Done 

; then output new SAR code. 

3D38 

7C 

MOV A,H 


; Open SW1, clpse SW2 then 

3D39 

EE03 

XRI 03 


; proceed with program. Preamp 

3D3B 

D3E6 

OUT C 


; is now zeroed. 

3D3D 



Normal 





Program for processing 
proper data values 



3C3D 

DBE4 

IN A 

Read A/D Subroutine 

; Read A/D data 

3C3F 

EEFF 

XRI FF 


; Invert data 

3C41 

57 

MOV D,A 



3C42 

78 

MOV A,B 


; Is B Reg = 0? If not stay 

3C43 

E6FF 

ANI FF 


; in auto zero subroutine 

3C45 

C21A3D 

JNZ Auto-Zero 



3C48 

C33D3D 

JMP Normal 




Note: All numerical values are hexadecimal representations. 

FIGURE 20. Software for Auto-Zeroed Differential A/D 


5.3 Multiple A/D Converters in a Z-80 
Interrupt Driven Mode (Continued) 


The following notes apply: 

1) It is assumed that the CPU automatically performs 
a RST 7 instruction when a valid interrupt is ac- 
knowledged (CPU is in interrupt mode 1). Hence, 
the subroutine starting address of X0038. 

2) The address bus from the Z-80 and the data bus to 
the Z-80 are assumed to be inverted by bus drivers. 

3) A/D data and identifying words will be stored in 
sequential memory'locations starting at the arbitrarily 
chosen address X 3E00. 

4) The stack pointer must be dimensioned in the main 
program as the RST 7 instruction automatically 
pushes the PC onto the stack and the subroutine 
uses an additional 6 stack addresses. 


5) The peripherals of concern are mapped into I/O 
space with the following port assignments: 


HEX PORT ADDRESS 

00 

01 

02 

03 

04 

05 

06 
07 


PERIPHERAL 

MM74C374 8-bit flip-flop 

A/D 1 

A/D 2 

A/D 3 

A/D 4 

A/D 5 

A/D 6 

A/D 7 


This port address also serves as the A/D identifying word 
in the program. 
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FIGURE 21. Multiple A/Ds with Z-80 Type Microprocessor 


INTERRUPT SERVICING SUBROUTINE 





SOURCE 


LOC 

OBJ CODE 


STATEMENT 

COMMENT 

0038 

E5 


PUSH HL 

; Save contents of all registers affected by 

0039 

C5 


PUSH BC 

; this subroutine. 

003A 

F5 


PUSH AF 

; Assumed INT mode 1 earlier set. 

003 B 

21 00 3E 


LD (HD.X3E00 

; Initialize memory pointer where data will be stored. 

003 E 

0E 01 


LD C.X01 

; C register will be port ADDR of A/D converters. 

0040 

D300 


OUT X00,A 

; Load peripheral status word into 8-bit latch. 

0042 

DB00 


IN A, X00 

; Load status word into accumulator. 

0044 

47 


LD B,A 

; Save the status word. 

0045 

79 

TEST 

LD A,C 

; Test to see if the status of all A/D's have 

0046 

FE 08 


CP, X08 

; been checked. If so, exit subroutine. 

0048 

CA 60 00 


JPZ, DONE 


004B 

78 


LD A,B 

; Test a single bit in status word by looking for 

004C 

IF. 


RRA 

; a "1" to be rotated into the CARRY (an INT 

004D . 

47 


LD B,A 

; is loaded as a "1"). If CARRY is set then load 

004 E 

DA 5500 


JPC, LOAD 

; contents of A/D at port ADDR in C register. 

0051 

OC 

NEXT 

INC C 

; If CARRY is not set, increment C register to point 

0052 

C3 4500 


JP.TEST 

; to next A/D, then test next bit in status word. 

0055 

ED 78 

LOAD 

IN A, (C) 

; Read data from interrupting A/D and invert 

0057 

EE FF 


XOR FF 

; the data. 

0059 

77 


LD (HL),A 

; Store the data. 

005A 

2C 


INC L 


005 B 

71 


LD (HL).C 

; Store A/D identifier (A/D port ADDR). 

005C 

2C 


INC L 


005 D 

C3 51 00 


JP.NEXT 

; Test next bit in status word. 

0060 

FI 

DONE 

POP AF 

; Re-establish all registers as they were 

0061 

Cl 


POP BC 

; before the interrupt. 

0062 

El 


POP HL 


0063 

C9 


RET 

; Return to original program. 
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Ordering Information 


TEMPERATURE RANGE 

0°C TO 70°C 

-40° C TO +85° C 

— 40°C TO +85°C 

— 55°C TO +125°C 

ERROR 

±1/4 Bit Adjusted 

±1/2 Bit Unadjusted 

±1/2 Bit Adjusted 

±1 Bit Unadjusted 

ADC0804LCN 

ADC0801 LCN 

ADC0802LCN 

ADC0803LCN 

ADC0805LCN 

ADC0801 LCD 

ADC0802LCD 

ADC0803LCD 

ADC0804LCD 

ADC0801LD 

ADC0802LD 

PACKAGE OUTLINE 

N20A— MOLDED DIP , 

D20A— CAVITY DIP 

D20A— CAVITY DIP 



8-59 



















ADC0808, ADC0809 


National 

Semiconductor 



A to D, D to A 


ADC0808, ADC0809 8-Bit /xP Compatible A/D Converters 
With 8-Channel Multiplexer 


General Description 

The ADC0808, ADC0809 data acquisition component is a 
monolithic CMOS device with an 8-bit analog-to-digital 
converter, 8-channel multiplexer and microprocessor 
compatible control logic. The 8-bit A/D converter uses suc- 
cessive approximation as the conversion technique. The 
converter features a high impedance chopper stabilized 
comparator, a 256R voltage divider with analog switch tree 
and a successive approximation register. The 8-channel 
multiplexer can directly access any of 8-single-ended ana- 
log signals. 

The device eliminates the need for external zero and full- 
scale adjustments. Easy interfacing to microprocessors 
is provided by the latched and decoded multiplexer ad- 
dress inputs and latched TTL TRI-STATE® outputs. 

The design of the ADC0808, ADC0809 has been optimized 
by incorporating the most desirable aspects of several 
A/D conversion techniques. The ADC0808, ADC0809 of- 
fers high speed, high accuracy, minimal temperature 
dependence, excellent long-term accuracy and repeatabi- 
lity, and consumes minimal power. These features make 
this device ideally suited to applications from process and 
machine control to consumer and automotive applica- 
tions. For 16-channel multiplexer with common output 
(sample/hold port) see ADC0816 data sheet. (See AN-247 
for more information. 


Features 

■ Resolution — 8-bits 

■ Total unadjusted error — ± 1/2 LSB and ± 1 LSB 

■ No missing codes 

■ Conversion time — 100 /is 

■ Single supply — 5 V DC 

■ Operates ratiometrically or with 6 V DC or analog span 
adjusted voltage reference 

■ 8-channel multiplexer with latched control logic 

■ Easy interface to all microprocessors, or operates 
"stand alone” 

■ Outputs meet T 2 L voltage level specifications 

■ 0V to 5V analog input voltage range with single 5V 
supply 

■ No zero or full-scale adjust required 

■ Standard hermetic or molded 28-pin DIP package 

■ Temperature range -40°C to +85°C or -55°C to 
+ 125°C 

■ Low power consumption — 15 mW 

■ Latched TRI-STATE® output 



Vcc GND REF(+) REF(-) OUTPUT 

ENABLE 


TRI-STATE® is a registered trademark of National Semiconductor Corp. 
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Absolute Maximum Ratings (Notes i and 2 > Operating Ratings (Notes 1 and 2) 


Supply Voltage (Vcc)( Note 3 ) 

Voltage at Any Pin 
Except Control Inputs 
Voltage at Control Inputs 

(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C) 
Storage Temperature Range 
Package Dissipation at T A = 25 °C 
Lead Temperature (Soldering, 10 seconds) 


6.5V 

0.3 V to (V CC + 0.3 V) 


— 65°Cto +150°C 
875 mW 
300 C C 


Temperature Range(Notel) 
ADC0808CJ 

ADC0808CCJ, ADC0808CCN, 
ADC0809CCN 

RangeofVcc(Notel) 


T MIN sT A sT MAX 
-55°C<;T a <; + 125 0 C 

— 40°CsT a ^ +85°C 

4.5 VQcto6.0 Vdc 


Electrical Characteristics 

Converter Specifications: V cc = 5 V DC = V REF ( + ), V REF (_) = GND, T M | N <T A <T^ AX and fcLK = 640 kHz 
unless otherwise stated. 


V REF(+) 

V REF( + )+ V REF(~ 
2 


ADC0808 

Total Unadjusted Error 
(Note 5) 

ADC0809 

Total Unadjusted Error 
(Note 5) 

Input Resistance 
Analog Input Voltage Range 
Voltage, Top of Ladder 

Voltage, Center of Ladder 

Voltage, Bottom of Ladder 
Comparator Input Current 


25°C 

T MIN to TMAX 
0°C to 70°C 

T MINt° T MAX 

From Ref(+) to Ref(-) 
(Note 4) V(+) or V(-) 
Measured at Ref(+) 


Measured at Ref(-) 
f c = 640 kHz, (Note 6) 


1.0 

GND-0.10 


Max 

Units 

±1/2 

LSB 

±3/4 

LSB 

±1 

LSB 

±1 1/4 

LSB 


kO 


Vrv^ + 0.10 Vn 



Electrical Characteristics 

Digital Levels and DC Specifications: ADC0808CJ 4.5V <V CC < 5.5V, -55°C<T A < + 125°C unless otherwise noted 
ADC0808CCJ, ADC0808CCN, and ADC0809CCN 4.75 <V C c=s 5.25 V, - 40°C<T A < + 85°C unless otherwise noted 



•oFF( + ) 

OFF Channel Leakage Current 

V CC = 5V,V in = 5V, 

T a = 25”C 


10 

200 

nA 



Tmin to T max 



1.0 

mA 

'OFF(-) 

OFF Channel Leakage Current 

V C C=5V,V in = 0, 

T a = 25°C 

-200 

-10 


nA 



T MiNf° Tmax 

-1.0 




CONTROL INPUTS 

V|N(1) 

Logical “1” Input Voltage 

• 

Vcc-1-5 



V 

V IN(0) 

Logical “0” Input Voltage 




1.5 

V 

•lN(1) 

Logical “1” Input Current 
(The Control Inputs) 

> 

10 

11 

z 

> 



1.0 

mA 

*IN(0) 

Logical “0” Input Current 
(The Control Inputs) 

0 

II 

z 

> 

-1.0 



mA 

•cc 

Supply Current 

fcLK = 640 kHz 


0.3 

3.0 

mA 
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Electrical Characteristics (Continued) 

Digital Levels and DC Specifications: ADC0808CJ 4.5V <V CC < 5.5 V, -55°C<T A < + 125°C unless otherwise noted 
ADC0808CCJ, ADC0808CCN, and ADC0809CCN 4.75 <V CC < 5.25V, -40°C<T A < + 85°C unless otherwise noted 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

DATA OUTPUTS AND EOC (INTERRUPT) 

V OUT(1) 

Logical “1” Output Voltage 

l 0 = — 360 /iA 


Bill 



V OUT(0) 

Logical “0” Output Voltage 

Iq = 1.6 mA 



jfl 

0.45 


V OUT(0) 

Logical "0” Output Voltage EOC 

l 0 = 1.2 mA 



BBj| 

0.45 


•out 

TRI-STATE® Output Current 

> 

in 

II 

o 

> 




3 




v 0 = 0 






Electrical Characteristics 







Timing Specifications: V cc = V REF(+) = 5V, V REF( _ 

1 = GND, t r = tf = 20 ns and T A = 25°C unless otherwise noted. 



Parameter 

Conditions 

Min 

Typ 

■n 

Units 

*ws 

Minimum Start Pulse Width 

( Figure 5) 



100 

■1 

ns 

tWALE 

Minimum ALE Pulse Width 

(Figure 5) 



100 

E9 

ns 

t. 

Minimum Address Set-Up Time 

(Figure 5) 



25 

50 

ns 


Minimum Address Hold Time 

(Figure 5) 



25 

50 

ns 


Analog MUX Delay Time 

From ALE 

R s = On (Figure 5) 



1 ' 

2.5 

/iS 

*H1> f HO 

OE Control to Q Logic State 

C L = 50 pF, R l = 10k (Figure 8) 



125 

250 

ns 

*1H> *0H 

OE Control to Hi-Z 

C L = 10 pF, R l = 10k (Figure 8) 



125 

250 

ns 

tc 

Conversion Time 

f c = 640 kHz, (Figure 5) (Note 7), 


90 


116 

/AS 

»0 

Clock Frequency 



10 

640 

1280 

kHz 

tEOC 

EOC Delay Time 

(Figure 5 ) 


0 , 


8 + 2 (is 

Clock 

Periods 

C IN 

Input Capacitance 

At Control Inputs 



10 

15 

pF 

C OUT 

TRI-STATE® Output 
Capacitance 

At TRI-STATE® Outputs, (Note 12) 



10 

15 



pF 


Note 1: Absolute maximum ratings are those values beyond which the life of the device may be impaired. r 

Note 2: Ail voltages are measured with respect to GND, unless otherwise specified. 

Note 3: A zener diode exists, internally, from Vqq to GND and has a typical breakdown voltage of 7 Vqq. 

Note 4: Two on-chip diodes are tied to each analog input which will forward conduct for analog input voltages one diode drop below ground or one diode drop 
greater than the Vqq supply. The spec allows 100 mV forward bias of either diode. This means that as long as the analog V|n does not exceed the supply 
voltage by more than 100 mV, the output code will be correct. To achieve an absolute 0 Vqq to 5 Vqq input voltage range will therefore require a minimum sup- 
ply voltage of 4.900 Vqq over temperature variations, initial tolerance and loading. 

Note 5: Total unadjusted error includes offset, full-scale, linearity, and multiplexer errors. See Figure 3. None of these A/Ds requires a zero or full-scale adjust. 
However, if an all zero code is desired for an analog input other than 0.0V, or If a narrow full-scale span exists (for example: 0.5V to 4.5V full-scale) the reference 
voltages can be adjusted to achieve this. See Figure 13. 

Note 6: Comparator input current is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock frequency and 
has little temperature dependence (Figure 6). See paragraph 4.0. 

Note 7: The outputs of the data register are updated one clock cycle before the rising edge of EOC. 
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Functional Description 

Multiplexer The device contains an 8-channel single- 
ended analog signal multiplexer. A particular input chan- 
nel is selected by using the address decoder. Table I 
shows the input states for the address lines to select any 
channel. The address is latched into the decoder on the 
low-to-high transition of the address latch enable signal. 


TABLE I 


SELECTED 

ANALOG CHANNEL 

ADDRESS LINE 

C 

B 

A 

INO 

L 

L 

L 

INI 

L 

L 

H 

IN2 

L 

H 

L 

IN3 

L 

H 

H 

IN4 

H 

L 

L 

IN5 

H 

L 

H 

IN6 

H 

H 

L 

IN7 

H 

H 

H 


CONVERTER CHARACTERISTICS 
The Converter 

The heart of this single chip data acquisition system is its 
8-bit analog-to-digital converter. The converter is designed 


to give fast, accurate, and repeatable conversions over a 
wide range of temperatures. The converter is partitioned 
into 3 major sections: the 256R ladder network, the suc- 
cessive approximation register, and the comparator. The 
converter’s digital outputs are positive true. 

The 256R ladder network approach (Figure 1) was chosen 
over the conventional R/2R ladder because of its inherent 
monotonicity, which guarantees no missing digital codes. 
Monotonicity is particularly important in closed loop feed- 
back control systems. A non-monotonic relationship can 
cause oscillations that will be catastrophic for the 
system. Additionally, the 256R network does not cause 
load variations on the reference voltage. 

The bottom resistor and the top resistor of the ladder 
network in Figure 1 are not the same value as the 
remainder of the network. The difference in these 
resistors causes the output characteristic to be sym- 
metrical with the zero and full-scale points of the transfer 
curve. The first output transition occurs when the analog 
signal has reached +1/2 LSB and succeeding output 
transitions occur every 1 LSB later up to full-scale. 

The successive approximation register (SAR) performs 8 
iterations to approximate the input voltage. For any SAR 
type converter, n-iterations are required for an n-bit con- 
verter. Figure 2 shows a typical example of a 3-bit con- 
verter. In the ADC0808, ADC0809, the approximation 
technique is extended to 8 bits using the 256R network. 


CONTROLS FROM S.A.R. 



FIGURE 1. Resistor Ladder and Switch Tree 
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Functional Description (Continued) 

The A/D converter's successive approximation register 
(SAR) is reset on the positive edge of the start conversion 
(SC) pulse. The conversion is begun on the falling edge of 
the start conversion pulse. A conversion in process will be 
interrupted by receipt of a new start conversion pulse. 
Continuous conversion may be accomplished by tying the 
end*of-conversion (EOC) output to the SC input. If used in 
this mode, an external start conversion pulse should be 
applied after power up. End-of-conversion will go low be- 
tween 0 and 8 clock pulses after the rising edge of start 
conversion. 

The most important section of the A/D converter is the 
comparator. It is this section which is responsible for the 
ultimate accuracy of the entire converter. It is also the 


in 

110 

101 

100 

on 

010 

001 


ooo 



FULL-SCALE 
J ERROR = 1/2 LSB 


NONLINEARITY = 1/2 LSB 
-NONLINEARITY = -1/2 LSB 
ZERO ERROR = -1/4 LSB 


0/8 1/8 2/8 3/8 4/8 5/8 6/8 7/8 
V|N AS FRACTION OF FULL-SCALE 


-V|N 


FIGURE 2. 3-Blt A/D Transfer Curve 


comparator drift which has the greatest influence on the 
repeatability of the device. A chopper-stabilized com- 
parator provides the most effective method of satisfying 
all the converter requirements. 

The chopper-stabilized comparator converts the DC input 
signal into an AC signal. This signal is then fed through a 
high gain AC amplifier and has the DC level restored. This 
technique limits the drift component of the amplifier since 
the drift is a DC component which is not passed by the AC 
amplifier. This makes the entire A/D converter extremely 
insensitive to temperature, long term drift and input offset 
errors. 

Figure 4 shows a typical error curve for the ADC0808 as 
measured using the procedures outlined in AN-179. 


I 


in 

no 

101 

100 

011 

010 

001 


+1/2 LSB 
TOTAL . 
UNADJUSTED i- 
ERROR 




INFINITE RESOLUTION 
PERFECT CONVERTER 


IDEAL 3-BIT CONVERTER 


-1/2 LSB 
-QUANTIZATION 
ERROR 


0/8 1/8 2/8 3/8 4/8 5/8 6/8 7/8 

V|N AS FRACTION OF FULL-SCALE 


-V|N 


FIGURE 3. 3-Bit A/D Absolute Accuracy Curve 


REFERENCE LINE 



INPUT 0V 
VOLTAGE 


FIGURE 4. Typical Error Curve 
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Connection Diagram 


Dual-ln-Line Package 



Timing Diagram 


h~ '"H 




STABLE- 







FIGURE 6. Comparator l IN vs V )N 
(Vcc = Vref=5V) 


FIGURE 7. Multiplexer R 0N vs V IN 
(Vcc = Vref=5V) 


TRI-STATE® Test Circuits and Timing Diagrams 




FIGURE 8 




Applications Information 

OPERATION 

1.0 Ratiometric Conversion 

The ADC0808, ADC0809 is designed as a complete Data 
Acquisition System (DAS) for ratiometric conversion 
systems. In ratiometric systems, the physical variable 
being measured is expressed as a percentage of full-scale 
which is not necessarily related to an absolute standard. 
The voltage input to the ADC0808 is expressed by the 
equation 



V jN = Input voltage into the ADC0808 

V fs = Full-scale voltage 

V z = Zero voltage 

D x = Data point being measured 

D MA x= Maximum data limit 

D M)N = Minimum data limit 

A good example of a ratiometric transducer is a poten- 
tiometer used as a position sensor. The position of the 
wiper is directly proportional to the output voltage which 
is a ratio of the full-scale voltage across it. Since the data 
is represented as a proportion of full-scale, reference 
requirements are greatly reduced, eliminating a large 
source of error and cost for many applications. A major 
advantage of the ADC0808, ADC0809 is that the input 
voltage range is equal to the supply range so the 
transducers can be connected directly across the supply 
and their outputs connected directly into the multiplexer 
inputs, (Figure 9). 


Ratiometric transducers such as potentiometers, strain 
gauges, thermistor bridges, pressure transducers, etc., 
are suitable for measuring proportional relationships; 
however, many types of measurements must be referred 
to an absolute standard such as voltage or current. This 
means a system reference must be used which relates 
the full-scale voltage to the standard volt. For example, if 
V cc = V ref = 5.12V, then the full-scale range is divided in- 
to 256 standard steps. The smallest standard step is 1 
LSB which is then 20 mV. 

2.0 Resistor Ladder Limitations 

The voltages from the resistor ladder are compared to the 
selected input 8 times in a conversion. These voltages are 
coupled to the comparator via an analog switch tree which 
is referenced to the supply. The voltages at the top, center 
and bottom of the ladder must be controlled to maintain 
proper operation. 

The top of the ladder, Ref( + ), should not be more positive 
than the supply, and the bottom of the ladder, Ref(-), 
should not be more negative than ground. The center of 
the ladder voltage must also be near the center of the 
supply because the analog switch tree changes from 
N-channel switches to P-channel switches. These limita- 
tions are automatically satisfied in ratiometric systems 
and can be easily met in ground referenced systems. 

Figure 10 shows a ground referenced system with a 
separate supply and reference. In this system, the supply 
must be trimmed to match the reference voltage. For in- 
stance, if a 5.12V is used, the supply should be adjusted to 
the same voltage within 0.1V. 



FIGURE 9. Ratiometric Conversion System 
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Applications Information (Continued) 


The ADC0808 needs less than a milliamp of supply current 
so developing the supply from the reference is readily 
accomplished. In Figure 11 a ground referenced system is 
shown which generates the supply from the reference. The 
buffer shown can be an op amp of sufficient drive to 
supply the milliamp of supply current and the desired bus 
drive, or if, a capacitive bus is driven by the outputs a large 
capacitor will supply the transient supply current as seen 
in Figure 12. The LM301 is overcompensated to insure 
stability when loaded by the 10 *tF output capacitor. 


The top and bottom ladder voltages cannot exceed V cc , 
and ground, respectively, but they can be symmetrically 
less than V cc and greater than ground. The center of the 
ladder voltage should always be near the center of the 
supply. The sensitivity of the converter can be increased, 
(i.e., size of the LSB steps decreased) by using a sym- 
metrical reference system. In Figure 13, a 2.5V reference 
is symmetrically centered about V cc /2 since the same 
current flows in identical resistors. This system with a 
2.5V reference allows the LSB bit to be half the size of a 
5V reference system. 



ADC0808 4 - 75V ^Vqc = VreF : s5 - 25V 

FIGURE 10. Ground Referenced 
Conversion System Using Trimmed Supply 



DIGITAL OUTPUT 
REFERENCED TO 
GROUND 


Q OUT = 


V|N 


V REF 

4.75V =sV cc = V REF <; 5.25V 


FIGURE 11. Ground Referenced Conversion System with 
Reference Generating V cc Supply 
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Applications Information (Continued) 10-15 Vqc 



FIGURE 12. Typical Reference and Supply Circuit 

5V 



FIGURE 13. Symmetrically Centered Reference 


3.0 Converter Equations 

The transition between adjacent codes N and N + 1 is 
given by: 



The center of an output code N is given by: 

V IN=j( V REF( + )— V REF(-)) ^ ± V TUe| + V REF(-) ( 3 ) 

The output code N for an arbitrary input are the integers 
within the range: 

N = ■ V|N — ^ - Efr - ~- — x 256 ± Absolute Accuracy (4) 
V REF(+)“ V REF(-) 

where: V )N = Voltage at comparator input 
Vref(+) = Voltage at Ref(+) 

V ref( - ) = Voltage at Ref ( - ) 

v TUE = Total unadjusted error voltage (typically 

Vref<+) + ®12) 


4.0 Analog Comparator Inputs 

The dynamic comparator input current is caused by the 
periodic switching of on-chip stray capacitances. These 
are connected alternately to the output of the resistor 
ladder/switch tree network and to the comparator input as 
part of the operation of the chopper stabilized comparator. 

The average value of the comparator input current varies 
directly with clock frequency and with V, N as shown in 
Figure 6. 

If no filter capacitors are used at the analog inputs and the 
signal source impedances are low, the comparator input 
current should not introduce converter errors, as the tran- 
sient created by the capacitance discharge will die out 
before the comparator output is strobed. 

If input filter capacitors are desired for noise reduction 
and signal conditioning they will tend to average out the 
dynamic comparator input current. It will then take on the 
characteristics of a DC bias current whose effect can be 
predicted conventionally. 
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Typical Application 



♦Address latches needed for 8085 and SC/MP interfacing the ADC0808 to a microprocessor 


MICROPROCESSOR INTERFACE TABLE 


PROCESSOR 

READ 

WRITE 

INTERRUPT (COMMENT) 

8080 

MEMR 

MEMW 

INTR (Thru RST Circuit) 

8085 

RD 

WR 

INTR (Thru RST Circuit) 

Z-80 

RD 

WR 

Tnt (Thru RST Circuit, Mode 0) 

SC/MP 

NRDS 

NWDS 

SA (Thru Sense A) 

6800 

VMA-02-R/W 

VMA-*2-WW 

IRQA or IRQB (Thru PIA) 


Ordering Information 


TEMPERATURE RANGE 

-40°C to + 85°C 

— 55°C to +125°C 

Error 

± 1/2 Bit Unadjusted 

ADC0808CCN 

ADC0808CCJ 

ADC0808CJ 

± 1 Bit Unadjusted 

ADC0809CCN 



Package Outline 

N28A Molded DIP 

J28A Hermetic DIP 

J28A Hermetic DIP 
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ADC0816, ADC0817 8-Bit n? Compatible A/D Converters 
with 16-Channel Multiplexer 

General Description 


The ADC0816, ADC0817 data acquisition component is a 
monolithic CMOS device with an 8-bit analog-to-digital 
converter, 16-channel multiplexer and microprocessor 
compatible control logic. The 8-bit A ID converter uses suc- 
cessive approximation as the conversion technique. The, 
converter features a high impedance chopper stabilized 
comparator, a 256R voltage divider with analog switch tree 
and a successive approximation register. The 16:channel 
multiplexer can directly access any one of 16-single- 
ended analog signals, and provides the logic for addi- 
tional channel expansion. Signal conditioning of any 
analog input signal is eased by direct access to the 
multiplexer output, and to the input of the 8-bit A/D 
converter. 

The device eliminates the need for external zero and full- 
scale adjustments. Easy interfacing to microprocessors 
is provided by the latched and decoded multiplexer ad- 
dress inputs and latched TTL TRI-STATE® outputs. 

The design of the ADC0816, ADC0817 has been optimized 
by incorporating the most desirable aspects of several 
A/D conversion techniques. The ADC0816, ADC0817 of- 
fers high speed, high accuracy, minimal temperature 
dependence, excellent long-term accuracy and repeatabil- 
ity, and consumes minimal power. These features make 
this device ideally suited to applications from process and 
machine control to consumer and automotive applica- 
tions. For similar performance in an 8-channel, 28-pin, 


8-bit A/D converter, see the ADC0808, ADC0809 data 
sheet. (See AN-258 for more information.) 

Features 

■ Resolution — 8-bits 

■ Total unadjusted error — ± 1/2 LSB and ± 1 LSB 

■ No missing codes 

■ Conversion time — 100 /is 

■ Single supply — 5 V DC 

■ Operates ratiometrically or with 5 V DC or analog span 
adjusted voltage reference 

■ 16-channel multiplexer with latched control logic 

■ Easy interface to all microprocessors, or operates 
“stand alone” 

■ Outputs meet T 2 L voltage level specifications 

■ 0V to 5V analog input voltage range with single 5V 
supply 

■ No zero or full-scale adjust required 

■ Standard hermetic or molded 40-pin DIP package 

■ Temperature range -40°C to +85°C or -55°C to 
+ 125°C 

■ Low power consumption — 15 mW 

■ Latched TRI-STATE® output 

■ Direct access to “comparator in” and “multiplexer out” 
for signal conditioning 

TRI-STATE® is a registered trademark of National Semiconductor Corp. 


Block Diagram 


MULTIPLEXER 

OUT 


16 ANALOG INPUTS ■ 


ADDRESS LATCH ENABLE 


EXPANSION CONTROL 



CONTROLS, TIMING 


. END OF CONVERSION 
* (INTERRUPT) f 


256 R RESISTOR LADDER 


V C C GNO REF(0 


I OUTPUT 

. J 6 6 ENABLE 
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Absolute Maximum Ratings (Notes i and 2) Operating Ratings (Notes 1 and 2) 


Supply Voltage ( V cc ) (Note 3) 6.5V 

Voltage at Any Pin N -0.3Vto(VQc + 0.3V) 

Except Control Inputs 

Voltage at Control Inputs - 0.3V to 1 5 V 

(START, OE, CLOCK, ALE, EXPANSION CONTROL, 

ADD A, ADD B, ADD C, ADD D) 

Storage Temperature Range -65°Cto +150 a C 

Package Dissipation atT A = 25°C 875 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 


Temperature Range(Note 1) T MIN ^ T A sT MAX 

ADC0816CJ -55°C^T A <+125°C 

ADC0816CCJ, ADC0816CCN, -40°C:sT A < +85°C 

ADC0817CCN 

RangeofVQQ(Notel) 4.5 VDc to60V DC 

Voltage at Any Pin OVtoVcc 

Except Control Inputs 

Voltage at Control Inputs 0Vto15V 

(START, OE, CLOCK, ALE, EXPANSION CONTROL, 

ADD A, ADD B, ADD C, ADD D) 


Electrical Characteristics 

Converter Specifications: V cc = 5 V DC = V RE f(+). V ref( - ) = GND,V| N = V comparator in. Tmin ^ T a < T max and 
fcLK = 640 kHz unless otherwise stated. 



Electrical Characteristics 

Digital Levels and DC Specifications*. ADC0816C J 4.5V <V CC 2=5 .5V, -55°C^T a < +125°C unless otherwise noted. 
ADC0816CCJ, ADC0816CCN, ADC0817CCN 4.75 V <V CC < 5.25V, - 40°C<T A < + 85°C unless otherwise noted. 


Parameter 


ANALOG MULTIPLEXER 


Min Typ Max Units 


Ron 

Analog Multiplexer ON 

(Any Selected Channel) 





Resistance 

T a = 25°C, R l = 10k 


1.5 

3 



T A = 85°C 



6 



T a = 125°C 



9 

ARqn 

A ON Resistance Between Any 

(Any Selected Channel) 


75 



2 Channels 

o 

11 

tr 




•0FF( + ) 

OFF Channel Leakage Current 

V C c = 5V, V in = 5V, 

T A = 25 q C 


10 

200 



T MIN toT MAX 



1.0 

^OFF(-) ' 

OFF Channel Leakage Current 

V cc = 5V,V in = 0, 

T a = 25°C 

-200 





Tmin t0 t max 

-1.0 




CONTROL INPUTS 
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Electrical Characteristics (Continued) 


Digital Levels and DC Specifications: ADC0816CJ — 4.5V < V C c < 5,5V, -55°C < T A < +125°C unless otherwise noted. 
ADC0816CCJ, ADC0816CCN, ADC0817CCN - 4.75V < V cc < 5.25V, -40°C < +85°C unless otherwise noted. 


Parameter 

Conditions 

Min. 

Typ. 

Max. 

Units 

DATA OUTPUTS AND EOC (INTERRUPT) 

V OUT(1) 

Logical “1" Output Voltage 

I o =-360hA,T a = 85°C 

I o = -300/zA, T a = 125°C 

<5= 

O 

1 

o 



V 

V OUT(0) 

Logical “0” Output Voltage 

Iq = 1.6mA 



0.45 

V 

VoUT(0) 

Logical “0” Output Voltage EOC 

l 0 =1.2mA 



0.45 

V 

■out 

TRI-STATE® Output Current 

Vo = Vcc 

Vo = 0 

-3.0 


3.0 

-E "E 

> > 


Electrical Characteristics 

Timing Specifications: V cc = V REF(+) = 5V, V REF( _ ) = GND, t r = t f = 20 ns and T A = 25°C unless otherwise noted. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

*ws 

Minimum Start Pulse Width 

(Figure 5) 


100 

200 

ns 

Wl-E 

Minimum ALE Pulse Width 

(Figure 5) 


100 

200 

i ns 

*s 

Minimum Address Set-Up Time 

(Figure 5) 


25 

50 

ns 

t H 

Minimum Address Hold Time 

(Figure 5) 


25 

50 

ns 

*D 

Analog MUX Delay Time 

From ALE 

R s = 00 (Figure 5) 


1 

2.5 

IxS 

*H1' ^H0 

OE Control to Q Logic State 

C L = 50 pF, R l = 10k (Figure 8) 


125 

250 

ns 

tlH. *0H 

OE Control to Hi-Z 

C L = 10 pF, R l = 10k (Figure 8) 


125 

250 

ns 

*c 

Conversion Time 

f c = 640 kHz, (Figure 5) (Note 7) 

90 

100 

116 

ms 

fc 

Clock Frequency 


10 

640 

1280 

kHz 

m 

O 

O 

EOC Delay Time 

(Figure 5) 

0 


8 + 2 fiS 


C IN 

Input Capacitance 

At Control Inputs 


10 

15 

PF 

C OUT 

TRI-STATE® Output 
Capacitance 

At TRI-STATE Outputs. (Note 7) 


10 

15 

PF 


Note 1: Absolute maximum ratings are those values beyond which the life of the device may be impaired. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: A zener diode exists, internally, from Vcc t0 GND and has a typical breakdown voltage of 7 Vdc- 

Note 4: Two on-chip diodes are tied to each analog input which will forward conduct for analog input voltages one diode drop below ground or one diode drop 
greater than the Vqq supply. The spec allows 100 mV forward bias of either diode. This means that as long as the analog V|n does not exceed the supply 
voltage by more than 100 mV, the output code will be correct. To achieve an absolute 0 Vdc to 5 Vdc in P ut voltage range will therefore require a minimum sup- 
ply voltage of 4.900 Vqc over temperature variations, initial tolerance and loading. 

Note 5: Total unadjusted error includes offset, full-scale, and linearity errors. See Figure 3. None of these A/Ds requires a zero or full-scale adjust. However, if 
an all zero code is desired for an analog input other than 0.0V, or if a narrow full-scale span exists (for example: 0.5V to 4.5V full-scale) the reference voltages 
can be adjusted to achieve this. See Figure 13. 

Note 6: Comparator input current is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock frequency and 
has little temperature dependence (Figure 6). See paragraph 4.0. 

Note 7: The outputs of the data register are updated one clock cycle before the rising edge of EOC. 
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Functional Description 

Multiplexer: The device contains a 16-channel single- 
ended analog signal multiplexer. A particular input chan- 
nel is selected by using the address decoder. Table I 
shows the input states for the address line and the expan- 
sion control line to select any channel. The address is 
latched into the decoder on the low-to-high transition of 
the address latch enable signal. 


TABLE I 


SELECTED 
ANALOG CHANNEL 

ADDRESS LINE 

EXPANSION 

CONTROL 

D 

C 

B 

A 

INO 

L 

L 

L 

L 

H 

INI 

L 

L 

L 

H 

H 

IN2 

L 

L 

H 

L 

H 

IN3 

L 

L 

H 

H 

H 

IN4 

L 

H 

L 

L 

H 

IN5 

L 

H 

L 

H 

H 

IN6 

L 

H 

H 

L 

H 

IN7 

L 

H 

H. 

H 

H 

IN8 

H 

L 

L 

L 

H 

IN9 

H 

L 

L 

H 

H 

IN10 

H 

L 

H 

L 

H 

IN 1 1 

H 

L 

H 

H 

H 

- INI 2 

H 

H 

L 

L 

H 

IN 1 3 

H 

H 

L 

- H 

H 

IN 1 4 

H 

H 

H 

L 

H 

IN 1 5 

H 

H 

H 

H 

H 

All Channels OFF 

X 

x 

X 

X 

L 


X = don’t care 


Additional single-ended analog signals can be multi- 
plexed to the A/D converter by disabling all the multiplexer 
inputs using the expansion control. The additional exter- 
nal signals are connected to the comparator input and the 
device ground. Additional signal conditioning (i.e., 
prescaling, sample and hold, instrumentation amplifica- 
tion, etc.) may also be added between the analog input 
signal and the comparator input. 

CONVERTER CHARACTERISTICS 
The Converter 

The heart of this single chip data acquisition system is its 
8-bit analog-to-digital converter. The converter is designed 
to give fast, accurate, and repeatable conversions over a 
wide range of temperatures. The converter is partitioned 
into 3 major sections: the 256R ladder network, the suc- 
cessive approximation register, and the comparator. The 
converter’s digital outputs are positive true. 

The 256R ladder network approach (Figure 1) was chosen 
over the conventional R/2R ladder because of its inherent 
monotonicity, which guarantees no missing digital codes. 
Monotonicity is particularly important in closed loop feed- 
back control systems. A non-monotonic relationship can 
cause oscillations that will be catastrophic for the 
system. Additionally, the 256R network does not cause 
load variations on the reference voltage. 

The bottom resistor and the top resistor of the ladder 
network in Figure 1 are not the same value as the 
remainder of the network. The difference in these 
resistors causes the output characteristic to be sym- 
metrical with the zero and full-scale points of the transfer 
curve. The first output transition occurs when the analog 
signal has reached +1/2 LSB and succeeding output 
transitions occur every 1 LSB later up to full-scale. 


CONTROLS FROM S.A.R. 



FIGURE 1. Resistor Ladder and Switch Tree 
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Functional Description (Continued) 


The successive approximation register (SAR) performs 8 
iterations to approximate the input voltage. For any SAR 
type converter, n-iterations are required for an n-bit 
converter. Figure 2 shows a typical example of a 3-bit 
converter. In the ADC0816, ADC0817, the approximation 
technique is extended to 8 bits using the 256R network. 

The A/D converter’s successive approximation register 
(SAR) is reset on the positive edge of the start conversion 
(SC) pulse. The conversion is begun on the falling edge of 
the start conversion pulse. A conversion in process will be 
interrupted by receipt of a new start conversion pulse. 
Continuous conversion may be accomplished by tying the 
end-of-conversion (EOC) output to the SC input. If used in 
this mode, an external start conversion pulse should be 
applied after power up. End-of-conversion will go low be- 
tween 0 and 8 clock pulses after the rising edge of start 


The most important section of the A/D converter is the 
comparator. It is this section which is responsible for the 
ultimate accuracy of the entire converter. It is also the 
comparator drift which has the greatest influence on the 
repeatability of the device. A chopper-stabilized com- 
parator provides the most effective method of satisfying 
all the converter requirements. 

The chopper-stabilized comparator converts the DC input 
signal into an AC signal. This signal is then fed through a 
high gain AC amplifier and has the DC level restored. This 
technique limits the drift component of the amplifier since 
the drift is a DC component which is not passed by the AC 
amplifier. This makes the entire A/D converter extremely 
insensitive to temperature, long term drift and input offset 
errors. 

Figure 4 shows a typical error curve for the ADC0816 as 
measured using the procedures outlined in AN-179. 


"-FULL-SCALE 
ERROR = 1/2 LSB 


(—NONLINEARITY = 1/2 LSB 
-NONLINEARITY = -1/2 LSB 


[—ZERO ERROR = -1/4 LSB 
1/8 2/8 3/8 4/8 5/8 6/8 7/8 


V|N AS FRACTION OF FULL-SCALE 


+1/2 LSB 
TOTAL , 
UNADJUSTED^ - 
ERROR I y 


INFINITE RESOLUTION 
"PERFECT CONVERTER 


- IDEAL 3-BIT CONVERTER 


-1 LSB 
-ABSOLUTE 
ACCURACY 


0 r/J -1/2 LSB 

Y -H h— QUANTIZATION 
H jpA ERROR 

0 Id- 

0/8 1/8 2/8 3/8 4/8 5/8 6/8 7/8 

V|N AS FRACTION OF FULL-SCALE 


FIGURE 2. 3-Bit A/D Transfer Curve 


FIGURE 3. 3-Bit A/D Absolute Accuracy Curve 


+1/2 LSB TOTAL UNADJUSTED ERROR - 


-REFERENCE LINE 


QUANTIZING) 

ERROR | HTi t t H 1 1 1 1 I'll it i 1 r 
INPUT 0V 111 

VOLTAGE 

-1/2 LSB TOTAL UNADJUSTED ERROR- 


FIGURE 4. Typical Error Curve 
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Typical Performance Characteristics 



0 1.25 2.5 3.75 5 

V, N (V) 


FIGURE 6. Comparator l| N vs V| N 
(Vcc = Vref = 5V) 



FIGURE 7. Multiplexer R 0N vs V IN 
(V CC = V ref =5V) 


TRI-STATE® Test Circuits and Timing Diagrams 



'oH> 'HO 


'oh* C L - 10 pF 


'ho* Cl — 50 pF 



FIGURE 8 




ADC0816, ADC0817 


Applications Information 

OPERATION 

1.0 Ratiometric Conversion 

The ADC0816, ADC0817 is designed as a complete Data 
Acquisition System (DAS) for ratiometric conversion 
systems. In ratiometric systems, the physical variable 
being measured is expressed as a percentage of full-scale 
which is not necessarily related to an absolute standard. 
The voltage input to the ADC0816 is expressed by the 
equation 

V|N = m 

Vf S V z D max — D M | N 

V| N = Input voltage into the ADC0816 

V fs = Full-scale voltage 

V z = Zero voltage 

D x = Data point being measured 

d max= Maximum data limit 

D M)N = Minimum data limit 

A good example of a ratiometric transducer is a poten- 
tiometer used as a position sensor. The position of the 
wiper is directly proportional to the output voltage which 
is a ratio of the full-scale voltage across it. Since the data 
is represented as a proportion of full-scale, reference 
requirements are greatly reduced, eliminating a large 
source of error and cost for many applications. A major 
advantage of the ADC0816, ADC0817 is that the input 
voltage range is equal' to the supply range so the 
transducers can be connected directly across the supply 
and their outputs connected directly into the multiplexer 
inputs, (Figured). 


Ratiometric transducers such as potentiometers, strain 
gauges, thermistor bridges, pressure transducers, etc., 
are suitable for measuring proportional relationships; 
however, many types of measurements must be referred 
to an absolute standard such,as voltage or current. This 
means a system reference must be used which relates 
the full-scale voltage to the standard volt. For example, if 
V C c = V REF = 5.12V, then the full-scale range is divided in- 
to 256 standard steps. The smallest standard step is 1 
LSB which is then 20 mV. 

2.0 Resistor Ladder Limitations 

The voltages from the resistor ladder are compared to the 
selected input 8 times in a conversion. These voltages are 
coupled to the comparator via an analog switch tree which 
is referenced to the supply. The voltages at the top, center 
and bottom of the ladder must be controlled to maintain 
proper operation. 

The top of the ladder, Ref( + ), should not be more positive 
than the supply, and the bottom of the ladder, Ref(-), 
should not be more negative than ground. The center of 
the ladder voltage must also be near the center of the 
supply because the analog switch tree changes from 
N-channel switches to P-channel switches. These limita- 
tions are automatically satisfied in ratiometric systems 
and can be easily met in ground referenced systems. 

Figure 10 shows a ground referenced system with a 
separate supply and reference. In this system, the supply 
must be trimmed to match the reference voltage. For in- 
stance, if a 5.12V reference is used, the supply should be 
adjusted to the same voltage within 0.1V. 



ADC0816, 17 


FIGURE 9. Ratiometric Conversion System 
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Applications Information (Continued) 

The ADC0816 needs less than a milliamp of supply current 
so developing the supply from the reference is readily 
accomplished. In Figure 11 a ground referenced system is 
shown which generates the supply from the reference. The 
buffer shown can be an op amp of sufficient drive to 
supply the milliamp of supply current and the desired bus 
drive, or if a capacitive bus is driven by the outputs a large 
capacitor will supply the transient supply current as seen 
in Figure 12. The LM301 is overcompensated to insure 
stability when loaded by the 10 /xF output capacitor. 


The top and bottom ladder voltages cannot exceed V cc 
and ground, respectively, but they can be symmetrically 
less than V cc and greater than ground. The center of the 
ladder voltage should always be near the center of the 
supply. The sensitivity of the converter can be increased, 
(i.e., size of the LSB steps decreased) by using a sym- 
metrical reference system. In Figure 13, a 2.5V reference 
is symmetrically centered about V cc /2 since the same 
current flows in identical resistors. This system with a 
2.5V reference allows the LSB to be half the size of the 
LSB in a 5V reference system. 



DIGITAL 

OUTPUT 

REFERENCED 

TO 

GROUND 


q OUT = 


V|N 

V REF 


4.75V < V C C = VREF^ 5.25V 


FIGURE 10. Ground Referenced 
Conversion System Using Trimmed Supply 



DIGITAL OUTPUT 
REFERENCED TO 
GROUND 


q out = 


VlN 

V REF 


4.75V ^ Vcc = yREF^ 5.25V 


FIGURE 11. Ground Referenced Conversion System with 
Reference Generating V cc Supply 
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Applications Information (Continued) 


10-15 Vdc 



FIGURE 12. Typical Reference and Supply Circuit 


' 5V 



FIGURE 13. Symmetrically Centered Reference 


3.0 Converter Equations 


The transition between adjacent codes N and N+1 is 
given by: 


V,n = 


V IN={ ( V REF( 


(Vrefm-Vrefm)^ + 5 y 2 J± 
m output code N is gi 
+)— Vref ( -)) 


( 2 ) 


TUE? + V REF(-) 


The center of an output code N is given by: 


V TUe[ + V REF(-) 


(3) 


The output code N for an arbitrary input are the integers 
within the range: 

N = — — — Vjffi l z j — x 256 ± Absolute Accuracy (4) 

V REF( + )— V REF(-) 

where: V| N = Voltage at comparator input 
Vref(+) = Voltage at Ref( + ) 
v ref(-)= Voltage at Ref(-) 

Vjue = Total unadjusted error voltage (typically 
Vr EF (+) -*■ 512) 
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Applications Information (Continued) 


4.0 Analog Comparator Inputs 

The dynamic comparator input current Is caused by the 
periodic switching of on-chip stray capacitances. These 
are connected alternately to the output of the resistor lad- 
der/switch tree network and to the comparator input as 
part of the operation of the chopper stabilized comparator. 


The average value of the comparator input current varies 
directly with clock frequency and with V, N as shown in 
Figure 6. 

Typical Application 


If no filter capacitors are used at the analog or comparator 
inputs and the signal source impedances are low, the 
comparator input current should not introduce converter 
errors, as the transient created by the capacitance 
discharge will die out before the comparator output is 
strobed. 

If input filter capacitors are desired for noise reduction 
and signal conditioning they will tend to average out the 
dynamic comparator input current. It will then take on 
the characteristics of a DC bias current whose effect 
can be predicted conventionally. See AN-258 for further 
discussion. 



* Address latches needed for 8085 and SC/MP interfacing the ADC0816, 17 to a microprocessor 

Microprocessor Interface Table 


PROCESSOR 

READ 

WRITE 

INTERRUPT (COMMENT) 

8080 

MEMR 

MEMW 

INTR (Thru RST Circuit) 

8085 

RD 

WR 

INTR (Thru RST Circuit) 

Z-80 

RD 

WR 

INT (Thru RST Circuit, Mode 0) 

SC/MP 

NRDS 

NWDS 

SA (Thru Sense A) 

6800 

VMA-*2-R/W 

VMA- 0 2-RAA/ 

IRQA or IRQB (Thru PIA) 


Ordering Information 



TEMPERATURE RANGE 

-40°C to +85°C 

-55°C to +125°C 

Error 

± 1/2 Bit Unadjusted 

ADC0816CCN 

ADC0816CCJ 

ADC0816CJ 

± 1 Bit Unadjusted 

ADC0817CCN 



Package Outline 

N40A Molded DIP 

J40A Hermetic DIP 

J40A Hermetic DIP 
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ADC0833 



National 

Semiconductor 


A to D, D to A 


ADC0833 8-Bit Serial I/O A/D Converter 
with 4-Channel Multiplexer 


General Description 

The ADC0833 series is an 8-bit successive approximation 
A/D converter with a serial I/O and configurable input 
multiplexer with 4 channels. The serial I/O is configured 
to comply with the NSC MICROWIRE™ serial data 
exchange standard for dasy interface to the COPS™ fam- 
ily of processors, and can interface with standard shift 
registers or^cPs. 

The 4-channel multiplexer is software configured for 
single ended or differential inputs and channel assigned 
by a 4-bit serial word at the serial I/O. 

The differential analog voltage input allows increasing the 
common-mode rejection and offsetting the analog zero in- 
put voltage value. In addition, the voltage reference input 
can be adjusted to allow encoding any smaller analog 
voltage span to the full 8-bits of resolution, 

Features 

■ NSC MICROWIRE compatible-direct interface to 
COPS family processors 

■ Easy interface to 8048, 8049 or 8050 


■ Works with 2.5V (LM336) voltage reference 

■ No full-scale or zero adjust required 

■ Differential analog voltage inputs 

■ 4-channel analog multiplexer 

■ Shunt regulator allows operation with high voltage 
supplies 

■ 0V to 5V input range with single 5V power supply 

■ Remote operation with serial digital data link 

■ T 2 L/MOS input/output compatible 

■ 0.3" standard width 14-pin DIP package 


Key Specifications 

■ Resolution 8-Bits 

■ Total Unadjusted Error ±1/2 LSB and ± 1 LSB 

■ SingleSupply 5V DC 

■ Low Power 15mW 

■ Conversion Time 80 fis 


Typical Application 


5V DC 



COPS™ and MICROWIRE™ are trademarks ot National Semiconductor Corp. 
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Absolute Maximum Ratings (Notes land 2) Operating Ratings (Notes 1 and 2) 


Supply Voltage, V cc 
Temperature Range 

ADC0833BD, ADC0833CD 
ADC0833BCD, ADC0833CCD 
ADC0833BCN, ADC0833CCN 


4.5Vocto6.3 Vqq 
Tmin^T a <T max 
-55°C<T A <125°C 
-40°C<T a <85°C 
0°C<T a <70°C 


Current into V + (Note 5) 10 mA 

Supply Voltage, V cc (Note5) 6.5V 

Voltage 

Logic Inputs , - 0.3V to + 18V. 

Analog Inputs -0.3V to V cc + 0.3V 

Storage Temperature -65°Cto + 150°C 

Package Dissipation at T A = 25°C (Board Mount) 0.8W 
Lead Temperature (Soldering, 10 seconds) 300°C 


Converter and Multiplexer Electrical Characteristics 

The following specifications apply for V cc = V + = 5V, T M)N < T A < T MAX .and f CLK = 100 kHz unless otherwise specified. 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Total Unadjusted Error: 






ADC0833B 

V REF /2 Forced to 2.500 Vqq 



±1/2 

LSB 

ADC0833C 

V ref /2 Forced to 2.500 V DC 



±1 

LSB 

Reference input Resistance 
(Thevinin Equivalent) 



9 


kfi 

Common-Mode 

All MUX Inputs and COM 

GND-0.05 


V cc + 0.05 

V 

Input Range (Note 4) 

Input 





DC Common-Mode 

Error 

Differential Mode 


±1/16 


LSB 

Power Supply Sensitivity 

V cc = 5V ± 5% 


±1/16 


LSB 

Iqff, Off Channel 

On Channel = 5V 

-1 




Leakage Current 

Off Channels = 0V 





(Note 3) 

T A = 25°C 

-50 



nA 


On Channel = 0V 

Off Channels = 5V 



1 

mA ' 


T a = 25°C 



50 

nA 

Ion. On Channel 

On Channel = 0V 

-1 



liA 

Leakage Current 

Off Channels = 5V 





(Note 3) 

T a = 25°C 

-200 



nA 


On Channel = 5V 



1 

ixA 


Off Channel = 0V 

T a = 25°C 



200 

nA 


AC Electrical Characteristics 

The following specifications apply for V cc = 5V, t r = tf = 20 ns and T A = 25°C unless otherwise specified. 


Parameter 


Conditions 


Min 


Typ 


Max 


Units 


fci_K> Clock Frequency 
Clock Duty Cycle 
T c , Conversion time 

t setup* SE or CS Falling Edge 
or Data Input Valid to CLK 
Rising Edge 

^holdj Da ta Input Valid after 
CLK Rising Edge 


10 

40 


Not Including MUX 
Addressing Time 


200 

60 

8 


200 


200 


kHz 

% 

^tcLK 

ns 
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AC Electrical Characteristics (Continued) 

The following specifications apply for V cc = 5V, t r = tf = 20 ns and T A = 25 °C unless otherwise specified. 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpd1» tpdO — CLK 

C L = 100 pF 




■ mm 

Falling Edge to Output 

Data MSB First 





Data Valid (Note 6) 

Data LSB First 




■a 

tiH» t 0 H— Rising Edge of CS to 

C L = 10 pF, R L = 10k 


125 


ns 

Data Output and SARS Hi-Z 

(See TRI-STATE® 

Test Circuits) 





C IN , Capacitance of Logic 

Inputs 



5 


pF 

Cqut> Capacitance of Logic 

Outputs 



5 


PF 


DC Electrical Characteristics 

The following specifications apply for V CC = 5V and T M | N <T A <T MAX uniess otherwise specified. 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V| N( i), Logical “1” Input Voltage 

V cc = 5.25V 

2.0 


15 

V 

V|N( 0 )» Logical “0” Input Voltage 

V cc = 4.75V 



0.8 

V 

l| N(1 ), Logical “1” Input Current 

o 

> 

II 

z 

> 


0.005 

1 

fiA 

I|N( 0 )> Logical “0” Input Current 

> 

o 

II 

z 

> 

-1 

-0.005 


H A 

v out( 1 )> Logical “1” Output Voltage 

•out = - 360 mA, Vcc = 4.75V 

2.4 



V 


l 0U T= - 10 fA, Vcc = 4.75V 

4.5 



V 

v out( 0 )> Logical “0” Output Voltage 

Iout = 1 : 6 mA, V cc = 4.75V 



0.4 

V 

Iout. TRI-STATE Output Current 

V O ut = 0.4V 


0.1 

100 

mA dc 

(DO, SARS) 

V 0 ut = 5V 


0.1 

3 

/*A D c 

•source 

V 0 ut Short to G N D, T A = 25°C 


14 


mA 

•sink 

Vqut Short to Veer T A = 25°C 


16 


mA 

•cc> Supply Current (Note 5) 

V ref /2 Open Circuit 


3.0 


mA 

1 + , Current into V + (Note 5) 




10 

mA 


Note 1: Absolute Maximum Ratings are those values beyond which the life of the device may be impaired. 

Note 2: All voltages are measured with respect to ground. 

Note 3: Leakage current is measured with the clock not switching. 

Note 4: For V|( S |(-)sV|n( + ) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at low Vqq levels 
(4.5V), as high level analog inputs (5V) can cause this input diode to conduct— especially at elevated temperatures, and cause errors for analog inputs near full- 
scale. The spec allows 50 mV forward bias of either diode. This means that as long as the analog V|n does not exceed the supply voltage by more than 50 mV, 
the output code will be correct. To achieve an absolute 0 Vqc to 5 Vqq input voltage range will therefore require a minimum supply voltage of 4.950 Vqc over 
temperature variations, initial tolerance and loading.. 

Note 5: An internal zener diode exists from Vqc to GN D on the V + and Vcc inputs. The breakdown of these zeners is approximately 7V. The V + zener is in- 
tended to operate as a shunt regulator and connects to the Vcc via a diode. When usi ng this regulator to power the A/D, this diode guarantees the Vcc in P ut *° 
be operating below the zener voltage (7V - 0.6V). It is recommended that a series resistor be used to limit the maximum current into the V + input. 

Note 6: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (see Block Diagram) to 
allow for comparator response time. 


TRI-STATE'' is a registered trademark of National Semiconductor Corp. 
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Timing Diagrams 


Data Input Timing 


Data Output Timing 





TRI-STATE Test Circuits and Waveforms 



Leakage Current Test Circuit 


CHANNEL L. 
VOLTAGE 


*1H> C L = 10 pF 



DO AND 
SARS OUTPUTS 


*oh> C L = 10 pF 



DO AND 
SARS OUTPUTS 


CH A (ON CHANNEL) 


I OFF 

CHC [CHANNELS 


ADC0833 
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MUX Addressing 

The 4*channel multiplexer is software configurable as 
single ended or differential inputs. The configuration and 
channel assignment of the multiplexer is accomplished 
with a 4-bit serial input word which must be preceded by a 
leading “1" or start bit (leading zeros are ignored). 

Differential inputs are restricted to adjacent channel 
pairs. For example channel 0 and channel 1 may be 
selected as a differential pair. Channel 0 or 1 cannot act 


differentially with any other channel. In addition to select- 
ing differential mode the sign may also be selected. Chan- 
nel 0 may be selected as the positive input and channel 1 
as the negative input or vice versa. 

Data is always shifted in on the rising clock edge and 
shifted out on the falling clock edge. 

If CS goes high, the conversion is stopped and all internal 
circuitry is reset. If another conversion is desired, CS 
must make a high-to-low transition followed by address 
information. 


TABLE I. MUX ADDRESSING 


Single-Ended MUX Mode 


Address 

Channel # 

SGU 

DIF 

ODD / 
§IGN 

SELECT 

0 

1 

2 

3 

1 

0 

1 

0 

0 

1 

+ 




1 

0 

1 

1 



+ 


1 

1 

0 

1 


+ 



1 

1 

1 

1 




+ 


COM is internally tied to A GND 


Differential MUX Mode 


Address 

Channel # 

SGU 

DIF 

ODD/ 

SIGN 

SELECT 

0 

1 

2 

3 

1 

0 

0 

0 

0 

1 

+ 

_ 



0 

0 

1 

1 



+ 

- 

0 

1 

0 

1 

- _ 

+ 



0 

1 

1 

1 



- 

+ 


Connection Diagram 


Dual-ln-Line Package 


Ordering Information 



Part Number 

Temperature 

Range 

Total 

Unadjusted 

Error 

ADC0833BCD 

- 40°C to + 85°C 

± 1/2 LSB 

ADC0833BCN 

0°C to + 70°C 

ADC0833BD 

' - 55°C to + 125°C 

ADC0833CCD 

- 40°C to + 85°C 

±1 LSB 

ADC0833CCN 

0°C to + 70°C 

ADC0833CD 

- 55°C to + 125°C 
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ADC0833 Functional Block Diagram 




a 


National 

Semiconductor 


A to D, D to A 
PRELIMINARY 


ADC1001, ADC1021 10-Bit ix? Compatible A/D Converters 


General Description 


The ADC1001 and ADC1021 are CMOS, 10-bit successive 
approximation A/D converters. The 20-pin ADC1001 is pin 
compatible with the ADC0801 8-bit A/D family. The 10-bit 
data word is read in two 8-bit bytes, formatted left justified 
and high byte first. The six least significant bits of the sec- 
ond byte are set to zero, as is proper for a 16-bit word. 

The 24-pin ADC1021 outputs 10 bits in parallel and is in- 
tended for interface to a 16-bit data bus. 

A differential analog voltage input allows increasing the 
common-mode rejection and offsetting the analog zero in- 
put voltage value. In addition, the voltage reference input 
can be adjusted to allow encoding any smaller analog 
voltage span to the full 10 bits of resolution. 


Easily interfaced to 6800 n? derivatives with minimal 
external logic 

Differential analog voltage inputs 

Logic inputs and outputs meet both MOS and T 2 L 

voltage level specifications 

Works with 2.5V (LM336) voltage reference 

On-chip clock generator 

0V to 5V analog input voltage range with single 5V 
supply 

Operates ratiometrically or with 5 V DC , 2.5 V DC , or 
analog span adjusted voltage reference 
0.3" standard width 20-pin DIP package or 24 pins with 
10-bit parallel output 


Features 

■ ADC1001 is pin compatible with ADC0801 series 8-bit 
A/D 

■ Compatible with NSC800 and 8080 derivatives — no 
interfacing logic needed — access time 170 ns 


Key Specifications 


Resolution 
Linearity error 
Conversion time 


10 bits 

: 1/2 LSBand ±1LSB 
200 /is 


Typical Application 


I ANY 
^PROCESSOR 



cs 

vcc 

RD 

CLK R 

WR 

CLKIN 

INTR 

DB7 

DB6 

ADC1001 V|N< + ) 

DB5 

DB4 

VinH 

DB3 

A GN0 

DB2 

DB1 

OBO 

VREF/Z 

D GNO 


10-BIT RESOLUTION 
OVER ANY DESIRED 
ANALOG INPUT 
VOLTAGE RANGE 
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ADC1001, ADC1021 


Absolute Maximum Ratings (Notes 1 and 2) Operating Ratings (Notes 1 and 2) 


Supply Voltage (V cc ) (Note 3) 

Logic Control Inputs 
Voltage at Other Inputs and Outputs 
Storage Temperature Range 
Package Dissipation at T A = 25°C 


6.5V 

- 0.3V to + 18V 
-0.3 V to (V cc + 0.3 V) 
-65°Cto + 150°C 
875 mW 


Lead Temperature (Soldering, 10 seconds) 


Converter Characteristics 

Converter Specifications: V CC = 5V DC ,V REF /2 = 2.500 V DC , T m 


Temperature Range T M)N <T a <Tmax 

ADC1001 BD, ADC1001CD -55°C<T A < +125°C 
ADC1021BD, ADC1021CD 

ADC1001BCD, ADC1001CCD -40?C<T A < +85°C 
ADC1021BCD, ADC1021CCD 

ADC1001BCN, ADC1001CCN 0°C<T A < +70°C 

ADC1021BCN, ADC1021CCN 
Range of Vcc 4.5 Vqc^0.3Vcc 


; T a ^ T max and fcLK = 410 kHz unless otherwise specified. 


Parameter 

Conditions 

Min 

Typ 

Max 


ADC1001B, ADC1021B: 






Linearity Error 




±1/2 

LSB 

Zero Error 




±1 

LSB 

Full-Scale Error 




±1 

LSB 

ADC1001C, ADC1021C: 






Linearity Error 




±1 

LSB 

Zero Error 




±2 

LSB 

Full-Scale Error 




±2 

LSB 

V REF /2 Input Resistance 

Input Resistance at Pin 9 

3.2 

5.2 


kfi 

Analog Input Voltage Range 

(Note 4) V( + ) or V( — ) 

GND-0.05 


V CC + 0.05 

V DC 

DC Common-Mode Error 

Over Analog Input Voltage Range 


±1/8 


LSB 

Power Supply Sensitivity 

V C c = 5 V D c ± 5% Over 

Allowed V !N ( + ) and V )N ( - ) 

Voltage Range (Note 4) 


±1/8 


LSB 


AC Electrical Characteristics 

Timing Specifications: V C c = 5 V DC and T A = 25°C un less otherwise specified. 


Parameter 


Conditions 


Conversion Time 

(Note 5) 

fcLK = 4 10»<Hz 

Clock Frequency 

Clock Duty Cycle 

(Note 8) 

Conversion Rate In Free-Running 
Mode 

INTR tied to WR with 

CS = 0 V DC , f C LK = 410 kHz 

Width of WR Input (Start Pulse 
Width) 

CS=0 V DC (Note 6) 

Access Time (Delay from 

Falling Edge of RD to Output 

Data Valid) 

C L = 100 pF 

TRI-STATE® Control (Delay 
from Rising Edge of RD to 

Hi-Z State) 

C L = 10 pF, R|_= 10k 
(See TRI-STATE Test 
Circuits) 

Delay from Falling Edge 
of WR or RD to Reset of INTR 


INTR to 1st Read Set-Up Time 


Input Capacitance of Logic 

Control Inputs 


TRI-STATE Output 

Capacitance (Data Buffers) 







TRI-STATE® is a registered trademark of National Semiconductor Corp. 
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DC Electrical Characteristics 

The following specifications apply for V cc = 5 V DC and ; T M | N < T A < Tmax. unless otherwise specified. 


Parameter 


Conditions 


CONTROL INPUTS [Note: CLK IN is the input of a Schmitt trigger circuit and is therefore specified separately] 


V IN (1) 

Logical “1” Input Voltage 
(Except CLK IN) 

V cc = 5.25 V dc 

2.0 


15 

V DC 

V,n (0) 

Logical “O’Mnput Voltage 
(Except CLK IN) 

V cc = 4.75 Vqc 



0.8 

O 

o 

> 

•in 0) 

Logical “1” Input Current 
(All Inputs) 

V,n = 5V dc 


0.005 

1 

/*Aqc 

•in (P) 

Logical “0” Input Current 
(All Inputs) 

o 

Q 

> 

O 

11 

z 

> 

-1 

-0.005 


mAqc 


V T + 

CLK IN Positive Going 
Threshold Voltage 


2.7 

3.1 

3.5 

o 

a 

> 

V T - 

CLK IN Negative Going 
Threshold Voltage 


1.5 

1.8 

2.1 

o 

Q 

> 

V H 

CLK IN Hysteresis 
(V T + )-(V T — ) 


0.6 

1.3 

2.0 

< 

O 

o 


OUTPUTS AND INTR 


'out(O) Logical 0 Output Voltage 

AdutO) Logical “1” Output Voltage 

out TRI-STATE Disabled Output 

Leakage (All Data Buffers) 

SOURCE 

•SINK 

POWER SUPPLY 


l cc * Supply Current (Includes 
Ladder Current) 


•out ='-6 mA, Vcc = 4.7! 5 Vqc 
l 0 = -360 m A, V cc = 4.75 V DC 
l 0 = -10/xA, V cc = 4.75 Vqc 

Vout = 0-4 Vqc 
Vout = 5 V D c 

Vqut Short to GND, T A = 25°C 
Vqut Short to Vcc, T A = 25°C 


fcLK = 410 kHz, 

V ref /2 = NC, T a = 25°C 
and CS = 1 


0.4 

Vdc 


V DC 


V DC 

0.1 -100 

M A qc 

0.1 3 

mAdc 

6 

mAoc 

16 

mAoc 



Note 1: Absolute Maximum Ratings are those values beyond which the life of the device may be impaired. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. The separate A GND point should always be wired to the D GND. 
Note 3: A zener diode exists, internally, from Vcc to GND and has a typical breakdown voltage of 7 Vqc. 

Note 4: For Vjjsj( - ) > V||vj( + ) the digital output code will be all zeros. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at low Vqc levels 
(4.5V), as high level analog inputs (5V) can cause this input diode to conduct-especially at elevated temperatures, and cause errors for analog inputs near full- 
scale. The spec allows 50 mV forward bias of either diode. This means that as long as the analog Vjjsj does not exceed the supply voltage by more than 50 mV, 
the output code will be correct. To achieve an absolute 0 Vqc to 5 Vqc input voltage range will therefore require a minimum supply voltage of 4.950 Vqq over 
temperature variations, initial tolerance and loading. 

Note 5: With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process. 
The start request is internally latched, see Figure 1. 

Note 6: The CS input is assumed to bracket the WR strobe input and therefore timing is dependent on the WR pulse width. An arbitrarily wide pulse width will 
hold the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see Timing Diagrams). 

Note 7: All typical values are for T A = 25°C; 

Note 8: Accuracy is guaranteed at fcLK = 410 kHz. At higher clock frequencies accuracy can degrade. 
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Typical Performance Characteristics 


Logic input Threshold 
Voltage vs Supply Voltage 






-55°C<T A <+'l25°C 
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4.50 4.75 5.00 5.25 5.50 

V CC - SUPPLY VOLTAGE (V DC ) 


Delay From Falling Edge of 
RD to Output Data Valid 
vs Load Capacitance 



0 200 400 600 800 1000 

LOAD CAPACITANCE (pF) 


CLK IN Schmitt Trip Levels 
vs Supply Voltage 



4.50 4.75 5.00 5.25 5.50 

V cc - SUPPLY VOLTAGE (V DC ) 



10 100 1000 


Output Current vs 
Temperature 



-50 -25 0 25 50 75 100 125 


CLOCK CAPACITOR (pF) 


T a - AMBIENT TEMPERATURE (°C) 


Typical Linearity Error vs 
Conversion Time 



CONVERSION TIME (/is) 


TRI-STATE Test Circuits and Waveforms 


*1H 


f 1H> C L -10 pF 


v cc 




RD 


DATA 

OUTPUTS 



t r = 20 ns 
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Timing Diagrams 


START 

CONVERSION 


ACTUAL INTERNAL 
STATUS OF THE 
CONVERTER 



(LAST DATA WAS NOT READ) 


Output Enable and Reset INTR 



‘The 24-pin ADC1021 outputs all 10 bits on each RD. 

Note: All timing is measured from the 50% voltage points. 


BYTE SEQUENCING FOR THE 20-PIN ADC1001 


8-Bit Data Bus Connection 




Bit 9 Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 


BitO 0 0 0 0 0 0 
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Functional Description 


The ADC1001, ADC1021 are mechanized using an ad- 
vanced potentiometric resistive ladder network. The 
analog inputs, as well as the taps of this ladder network, 
are switched into a weighted capacitor array. The output 
of this capacitor array is the input to a sampled data com- 
parator. This comparator allows the successive approxi- 
mation logic to match the analog difference input voltage 
[V|n( + )-V|n( ~ )1 t0 taps on the R network. The most signifi- 
cant bit is tested first and after 10 comparisons (80 clock 
cycles) a digital 10-bit binary code (all “1”s= full-scale) is 
transferre d to an output latch and then an interrupt is 
asserted (INTR makes a high-to-low transition). The device 
may be operated in the free-running mode by connecting 
INTR to the WR input with CS =0. To insure start-up 
under all possible conditions, an external WR pulse is re- 
quired during the first power-up cycle. A conversion in 
process can be interrupted by, issuing a second start 
command. 

On the high-to-low transition of the WR input the internal 
SAR latchesjand the shift register stages are reset. As 
long as the CS input and WR input remain low, the A/D will 
remain in a reset state. Conversion will start from 1 to 8 
clock periods after at least one of these inputs makes a 
low-to-high transition. 

A functional diagram of the A/D converter is shown in 
Figure 1. All of the inputs and outputs are shown and the 
major logic control paths are drawn in heavier weight 
lines. 

The converter is started by having CS and WR 
simultaneously low. This sets the start flip-flop (F/F) and 
the resulting “1” level resets the 8-bit shift register, resets 
the Interrupt (INTR) F/F and inputs a “1” to the D flop, F/F1, 
which is at the input end of the 10-bit shift register. Internal 
clock signals then transfer this “1” to the Q output of F/F1. 
The AND gate, G1, combines this “1” output with a clock 
signal to provide a reset signal to the start F/F. If the set 
signal is no longer present (either WR or CS is a “1”) the 
start F/F is reset and the 10-bit shift register then can have 
the “1” clocked in, which allows the conversion process to 



NOTE: V|n(-) should be biased so 
that V|n(-)> -0.05V when potentiometer 
wiper is set at most negative 
voltage position. 

FIGURE 2. Zero Adjust Circuit 


continue. If the set signal were to still be present, this 
reset pulse would have no effect and the 10-bit shift 
register would continue to be heldjn the rese t mode. This 
logic therefore allows for wide CS and WR signals and 
the converter will start after at least one of these signals 
returns high and the internal clocks again provide a reset 
signal for the start F/F. 

After the “1” is clocked through the 10-bit shift register 
(which completes the SAR search) it causes the new digit- 
al word to transfer to the TRI-STATE output latches. When 
this XFER signal makes a high-to-low transition the one 
shot fires, se tting the INTR F/F. An inverting buffer then 
supplies the INTR output signal. 

Note that this SET control of the INTR F/F remains low for 
approximately 400 ns. If the data output is c ontinuously 
enabled (CS and RD both held low), the INTR output will 
still signal the end of c onversion (by a high-to-low transi- 
tion), because the SET input can control the Q output of 
the INTR F/F eve n tho ugh the RESET input is constantly at 
a “1” level. This INTR output will therefore stay low for the 
duration of the SET signal. 

When data is to be read, the combination of both CS and 
RD being low will cause the INTR F/F to be reset and the 
TRI-STATE output latches will be enabled. 


Zero and Full-Scale Adjustment 

Zero error can be adjusted as shown in Figure 2. V| N ( + ) is 
forced to +2.5 mV (+ 1/2 LSB) and the potentiometer is 
adjusted until the digital output code changes from 00 
0000 0000 to 00 0000 0001. 

Full-scale is adjusted as shown in Figure 3, with the V REF /2 
input. With V !N ( + ) forced to the desired full-scale voltage 
less 1 1/2 LSBs (V FS -1 1/2 LSBs), V REF /2 is adjusted until 
the digital output code changes from 11 1111 1110 to 11 
1111 1111. 



FIGURE 3. Full-Scale Adjust 
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Connection Diagrams 


ADC1001 (for an 8-bit data bus) 
Dual-In-Line Package 


ADC1021 (for aii 10-bit outputs in parallel) 
Dual-In-Line Package 



Block Diagram 



.V CC (0RV REF ) 

- CLKR 

- 0 * 

- 0 * 

- BIT 2 

T 3 
-BIT 4 
-BIT 5 
-BIT 6 

- BIT 7 

- BIT 8 
-BIT 9 (MSB) 


*TRI-STATE® output buffers which output 0 during RB. 
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A to D, D to A 

PRELIMINARY 


ADC1080, ADC1280 12-Bit Successive Approximation 
A/D Converters 


General Description 

The ADC1080 and ADC1280 are complete successive ap- 
proximation analog-to-digital converters that include an 
internal clock, reference and comparator. 

The design of the ADC1080 and ADC1280 includes scaling 
resistors that provide analog signal ranges of ±2.5V, 
± 5.0V, ± 10V, 0V to 5V, or 0V to 10V. The 6.2V precision 
reference may be used for external applications. All digital 
signals are fully TTL compatible; output data may be read 
In both serial and parallel form. 

The ADC1280 has a maximum linearity of 0.012% of FSR 
and the ADC1080 has a maximum linearity of 0.048% of 
FSR. Both grades are specified for use over the - 25°C to 
+ 85°C temperature range and both are available in a 
32-pin DIP. 


Features 

■ Completely self-contained with internal reference, 
clock, and comparator 

■ High reliability exact replacement for ADC80 

■ ± 1/2 LSB linearity for ADC1280 

■ Input voltage ranges of ±2.5V, ±5V, ±10V, 0V to 5V, 
and 0V to 10V 

■ 6.2V reference available for external use at 1.5 mA 

H Conversion speed— 22 /is 

■ Short cycle and external clock options for faster conver- 
sion time 


Block Diagram 


Connection Diagram 


DIGITAL SHORT CLOCK EXTERNAL 

GN0 V CC CLOCK STATUS CYCLE INHIBIT CLOCK IN 


Dual-In-Line Package 









ADC128I 


Absolute Maximum Ratings 

Supply Voltage (V + and V ) ±18V Operating Temperature Range -55°Cto +100°C 

Logic Supply Voltage 7V Storage Temperature Range -65°Cto +150°C 

Reference Input Voltage (V REF ) OV, 18V Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics 

T a = - 25°C to + 85°C,V S = ± 11.4V to ± 16.00V, V cc = 4.75V to 5.25V unless otherwise noted 



CONVERTER CHARACTERISTICS 


Resolution 


Linearity Error 


Linearity Error Tempco 


Differential Linearity 
Error 


No Missing Codes 


Full-Scale (Gain) Error 


Zero-Scale (Offset) 
Error 


Full-Scale (Gain) 
Tempco 


Zero-Scale (Offset) 
Tempco 


Analog Input Voltage 
Range 


Unipolar 


Bipolar 


REFERENCE CHARACTERISTICS 


Reference Voltage 


Tempco of Drift 


External Use Current 


Output Impedance 


DIGITAL AND DC CHARACTERISTICS 


Logic 1 Input Voltage 
(Bit Off) 


Logic 0 Input Voltage 
(Bit On) 


Logic 1 Input Current 


Logic 0 input Current 


Logic 0 Output Voltage 


Logic 1 Output Voltage 


Power Supply Current 


ADC1280 i 

ADC1080 | 

Min 

Typ 

(Note 1) 

Max 

Min 

Typ 

(Note 1) 

Max 



Bits 


% FSR 
(Note 3) 


ppm of 
FSR/°C 




Input Impedance 

0V to 5V, ±2.5V 

(Direct Input) 

0V to 10V, ±5V 


±10V 




6.33 

V 

20 

ppm/°C 

1.5 

mA 

1.0 ; 

0 


Power Supply Sensitivity 



FSR/% V cc 
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Electrical Characteristics (Continued) 

T a = -25°Cto +85°C,Vs= ± 11.4V to ± 16.00V, Vcc = 4.75V to 5.25V unless otherwise noted. 


Parameter 


Conditions 


(Note 1) 


Max Min 


ADC1080 


(Note 1) 


AC CHARACTERISTICS 


Conversion Time 


Clock Frequency 


Convert Command 



Note 1: All typical values are forT A = 25°C. 

Note 2: Guarantees that for increasing analog voltage, the digital code increases. This specification guarantees monotonicity. 
Note 3: FSR means “full-scale range” and is 20V for ± 10V range, 10V for ± 5V range. 

Note 4: Externally adjustable to zero. 


Typical Performance Curves 


Linearity Error vs 
Conversion Time 
(Normalized) 


Differential Linearity Error 
vs Conversion Time 
(Normalized) 



0 2 4 6 8 10 12 14 16 18 20 22 24 26 
CONVERSION TIME (ms) 



0 2 4 6 8 10 12 14 16 18 20 22 24 26 
CONVERSION TIME (ms) 


Maximum Gain Drift 
Error— % of FSR vs 
Temperature 


Reference Drift— % Error 
vs Temperature 




TEMPERATURE (°C) 


TEMPERATURE (°C) 
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1.0 Definition of Terms and 
Applications 


The accuracy of an A/D converter is described by the 
transfer function shown in Figure 1. There is an inherent 
quantization uncertainty of ± 1/2 LSB associated with the 
resolution. 



ANALOG INPUT 

FIGURE 1. Transfer Characteristics 
for an Ideal Bipolar A/D 

The remaining errors in the A/D converters are combina- 
tions of analog errors due to the linear circuitry, matching 
and tracking properties of the ladder and scaling net- 
works, reference error, and power supply rejection. The 
matching and tracking errors in the ADC1080 and 
ADC1280 have been minimized by the use of a monolithic 
DAC that includes the scaling network. The initial gain 
and offset errors are specified at ± 0.1 % FSR for gain and 
±0.05% FSR for offset. These errors may be trimmed to 
zero by the use of the external trim circuits as shown in 
Figures 2 and 3. Linearity error is defined as the deviation 


from a true straight line transfer characteristic from a zero 
analog input which calls for a zero digital output to a point 
which is defined as full-scale. The linearity error is unad- 
justable and is the most meaningful indication of A/D con- 
verter accuracy. Differential nonlinearity is a measure of 
the deviation in staircase step width between codes from 
the ideal least significant bit step size (Figure 1). 

Monotonic behavior requires that the differential linearity 
error be less than 1 LSB; however, a monotonic converter 
can have missing codes. 

There are three types of drift error over temperature: off- 
set, gain, and linearity. Offset drift causes a shift of the 
transfer characteristics left or right over the operating 
temperature range. Gain drift causes a rotation of the 
transfer characteristic about the zero or minus full-scale 
point. 

1.1 Gain and Offset Error 

Initial gain and offset errors are factory trimmed to ± 0.1 % 
of FSR ( ± 0.05% for unipolar offset) at 25°C. 

Gain and offset errors may be trimmed to zero using exter- 
nal gain and offset trim potentiometers connected to the 
ADC1080 and ADC1280 as shown in Figures 2 and 3. Multi- 
turn potentiometers with 100 ppm/°C or better TCRs are 
recommended for minimum drift over temperature and 
time. These pots may be any value from 10 k n to 100 kfi. All 
resistors should be 20% or better. Pin 16 (gain adjust) may 
be left open if no external adjustment is required. 



FIGURE 2. Two Methods of Connecting Optional Offset 
Adjust with a 0.4% of FSR Range of Adjustment 


a) 


b) 


i5v (tav) 


15V (12V) 



FIGURE 3. Two Methods of Connecting Optional Gain 
Adjust with a 0.6% Range of Adjustment 
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Adjustment Procedure 

Offset— Connect the offset potentiometer as shown in 
Figure 2. Sweep the input through the end point transition 
voltage that should cause an output transition to all ones. 

Adjust the offset potentiometer until the actual end point 
transition voltage occurs at Efjt| FF . The ideal transition volt- 
age values of the input are given in Table I. 

Gain— Connect the gain adjust potentiometer as shown 
in Figure 3. Sweep the input through the end point transi- 
tion voltage that should cause an output transition to all 
zeros. 

Adjust the gain potentiometer until the actual end point 
transition voltage occurs e[n N . Table I details the transi- 
tion voltage levels required. 


1.2 Accuracy Drift vs Temperature 

Three major drift parameters degrade A/D converter ac- 
curacy over temperature: they are gain, offset and linearity 
drift. The worst case accuracy drift is the summation of all 
three drift errors over temperature. Statistically, these er- 
rors do not add algebraically, but are random variables 
which behave as root-sum-squared (RSS) or 1 a errors as 
follows: 


RSS = Vg g 2 + £ o 2 + G e 2 
where G g = gain drift error (ppm/°C) 

Go = offset drift error (ppm of FSR/°C) 
G e = linearity error (ppm of FSR/°C) 


For unipolar operation, the total RSS drift is ± 30.3 ppm/°C 
and for bipolar operation, the total RSS drift is 
± 33.7 ppm/°C. 


1.3 Accuracy vs Speed 

In successive approximation A/D converters, the conver- 
sion speed affects linearity and differential linearity 
errors. Conversion speed and its effect on linearity and dif- 
ferential linearity errors for the ADC1080 and ADC1280 are 
shown in Figures 3 and 4. 



FIGURE 4. Input Scaling Circuit 


The ADC1080 and ADC1280 conversion speeds are speci- 
fied for a maximum linearity error of ± 1/2 LSB and a dif- 
ferential linearity error of ± 1/2 LSB with the internal clock. 
Faster conversion speeds up to 23 ns for 12 bits, 12 n s for 
10 bits, and 6 ns for 8 bits are possible with an external 
clock. 


1.4 Power Supply Sensitivity 

Changes in the DC power supplies will affect the accuracy 
of the ADC1080 and ADC1280. Normally, regulated power 
supplies with 1% or less ripple are recommended. 


1.5 Layout Precautions 

Analog and digital commons are not connected internally 
in the ADC1080 and ADC1280, but should be connected 
together as close to the unit as possible, preferably to a 
large ground plane under the A/D. If these grounds must 
be run separately, use a wide conductor pattern between 
analog and digital commons at the unit. Low impedance 
analog and digital common returns are essential for low 
noise performance. Coupling between analog inputs and 
digital lines should be minimized by careful layout. 


1.6 Input Scaling 

The ADC 1080 and ADC1280 input should be scaled as 
close to the maximum input signal range as possible in 
order to utilize the maximum signal resolution of the A/D 
converter. Connect the input signal as shown in Table I. 
See Figure 4 for circuit details. 


TABLE I. INPUT SCALING CONNECTIONS 


Input 

Signal 

Range 

Output 

Code 

Connect 
Pin 12 
To Pin 

Connect 
Pin 14 

To 

Connect 

Input 

Signal 

To 

±10V 

COB or CTC 

11 

Input Signal 

14 

±5 V 

COB or CTC 

11 

Open 

13 

± 2.5V 

COB or CTC 

11 

Pin 11 

13 

0 V to 5 V 

CSB 

15 

Pin 11 

13 

0 V to 10V 

CSB 

15 

Open 

13 


2.0 Functional Description 

On receipt of a CONVERT START command, the ADC1080 
and ADC1280 convert the voltage at its analog input into 
an equivalent 12-bit binary number. This conversion is 
accomplished as follows: the 12-bit successive approxi- 
mation register (SAR) has its 12-bit outputs connected 
both to the device bit output pins and to the corresponding 
bit inputs of the feedback DAC. The analog input is suc- 
cessively compared to the feedback DAC output, one bit 
at a time (MSB first, LSB last). The decision to keep or re- 
ject each bit is then made at the completion of each bit 
comparison period, depending on the state of the compar- 
ator at that time. 


8-101 


ADC1080, ADC1280 





ADC1080, ADC1280 


2.1 Timing 

The Timing Diagram is shown in Figure 5. Receipt of a 
CONVERT START signal sets the STATUS flag, indicating 
conversion in progress. This, in turn, removes the inhibit 
applied to the gated clock, permitting it to run through 13 
cycles. All SAR parallel bit and STATUS flip-flops are ini- 
tialized on the leading edge, and the gated clock inhibit 
signal is removed on the trailing edge of the CONVERT 
START signal. At time tO, B1 is reset and B2-B12 are set 
unconditionally. At tl the bit 1 decision is made (keep) and 
bit 2 is unconditionally reset. At t2, the bit 2 decision is 
made (keep) and bit 3 is reset unconditionally. This se- 


quence continues until the bit 12 (LSB) decision (keep) is 
made at t12. After a 40 ns delay period, the STATUS flag is 
reset, indicating that the conversion is complete and that 
the parallel output data is valid. Resetting the STATUS flag 
restores the gated clock inhibit signal, forcing the clock 
output to the Logic 0 state. 

Corresponding serial and parallel data bits become valid 
on the same positive-going clock edge. Serial data does 
not change and is guaranteed valid on negative-going 
clock edges, however; serial data can be transferred quite 
simply by clocking it into a receiving shift register on these 
edges (see Figure 5). 



Note 1: The convert start pulse width is 100 ns min and must remain low during a conversion. The conversion is initiated by the rising edge of the 
convert command. 

Note 2: 25 s for 12 bits and 21 /is for 10 bits (max). 

Note 3: MSB decision 

Note 4: LSB decision 40 ns prior to the status going low. 
w Bit decisions 


FIGURE 5. Timing Diagram (Binary Code 011001110110) 
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Incorporation of this 40 ns delay guarantees that the 
parallel (and serial) data are valid at the Logic 1 to Logic 0 
transition of the STATUS flag, permitting parallel data 
transfer to be initiated by the trailing edge of the STATUS 
signal. 

2.2 Digital Output Data 

Both parallel and serial data from TTL storage registers 
are in negative true form. Parallel data output coding is 
complementary binary for unipolar ranges and either com- 
plementary offset binary or complementary two’s comple- 
ment binary, depending on whether bit 1 (pin 6) or its 
logical inverse bit 1 (pin 8) is used as the MSB. Parallel 
data becomes valid approximately 40 ns before the 
STATUS flag returns to Logic 0, permitting parallel data 
transfer to be clocked on the “1” to “0” transition of the 
STATUS flag. 

Serial data coding is complementary binary for unipolar 
input ranges and complementary offset binary for bipolar 
input ranges. Serial output is by bit (MSB first, LSB last) in 
NRZ (non-return-to-zero) format. Serial and parallel data 
outputs change state on positive-going clock edges. 
Serial data is guaranteed valid 200 ns after the rising clock 
edges, permitting serial data to be clocked directly into a 
receiving register on these edges as shown in Figure 5. 
There are 13 negative-going clock edges in the complete 
12-bit conversion cycle, as shown in Figure 5. The first 
edge shifts an invalid bit into the register, which is shifted 
out on the 13th negative-going clock edge. All serial data 
bits will have been correctly transferred and be in the 
receiving shift register locations shown at the completion 
of the conversion period. 

2.3 Short Cycle Input 

A short cycle input, pin 21 , permits the timing cycle shown 
in Figure 5 to be terminated after any number of desired 


bits has been converted, permitting somewhat shorter 
conversion times in applications not requiring full 12-bit 
resolution. When 12-bit resolution is required, pin 21 is 
connected to 5V (pin 9). When 10-bit resolution is desired, 
pin 21 is connected to bit 1 1 output pin 28. The conversion 
cycle then terminates, and the STATUS flag resets after 
the bit 10 decision (tIO +40 ns in the Timing Diagram of 
Figure 5). Short cycle pin connections and associated 
maximum 12-bit, 10-bit and 8-bit conversion times are sum- 
marized in Table II. 


TABLE II. SHORT CYCLE CONNECTIONS 


Connect Short 
Cycle Pin 21 To 
Pin 

Bits 

Resolution 
(% FSR) 

Maximum 
Conversion 
Time (/is) 

Status Flag 
Reset 

9 

12 

0.024 

25 

t12 +40 ns 

28 

10 

0.100 

21 

tIO +40 ns 

30 

8 

0.390 

17 

t8 + 40 ns 


2.4 Control Modes 

The timing sequence of the ADC1080 and ADC1280 allows 
the device to be easily operated in a variety of systems 
with different control modes. The most common control 
modes are illustrated in Figures 6-9. 

2.5 Calibration 

External ZERO ADJ and GAIN ADJ potentiometers, con- 
nected as shown in Figures 10 and 11, are used for device 
calibration. To prevent interaction of these two adjust- 
ments, zero is always adjusted first and then gain. Zero is 
adjusted with the analog input near the most negative end 
of the analog range (0 for unipolar and - FS for bipolar in- 
put ranges). Gain is adjusted with the analog input near 
the most postive end of the analog range. 


_TL 

CONVERT 

COMMAND 


CONV 

BIT 11 

COM 

SHORT 

CYCLE 


CLOCK 

INHIBIT 


EXTERNAL 

CLOCK 



FIGURE 6. Internal Clock— Normal Operating Mode. Conversion Initi- 
ated by the Rising Edge of the Convert Command. The Internal Clock 
Runs Only During Conversion. 



FIGURE 7. Continuous Conversion with External Clock. Conversion is 
Initiated by 14th Clock Pulse. Clock Runs Continuously. 
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FIGURE 8. Continuous External Clock. Conversion Initiated by Rising 
Edge of Convert Command. The Convert Command Must be 
Synchronized with Clock. 


470 pF 



FIGURE 9. Continuous Conversion with Internal Clock. Conversion is In- 
itiated by the 14th Clock Pulse. Clock Runs Continuously. The Oscillator 
Formed by Gates 2 and 3 Insures that the Conversion Process will Start 
When Logic Power is First Turned On. 



FIGURE 10. Analog and Power Connections for Unipolar 0V-10V Input Range 
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FIGURE 11. Analog and Power Connections for Bipolar ±10V Input Range 


OV to 10V Range: Set analog input to + 1 LSB = + 0.0024V. 
Adjust zero for digital output = 1 11111111110. Zero 
is now calibrated. Set analog input to + FSR - 2 LSB = 
+ 9.9952V. Adjust gain forOOOOOOOOOOOl digital out- 
put code; full-scale (gain) is now calibrated. Half-scale 
calibration check: set analog input to + 5.0000V; digital 
output code should be 011111111111. 

-10V to + 10V Range: Set analog input to -9.9951V; ad- 
just zero for 111111111110 digital output (com- 
plementary offset binary) code. Set analog input to 
+ 9.9902V; adjust gain for 000000000001 digital out- 
put (complementary offset binary) code. Half-scale 
calibration check: set analog input to 0.0000V; digital out- 
put (complementary offset binary) code should be 
011111111111. 


Other Ranges: Representative digital coding for 0V to 10V 
and -10V to + 10V ranges is given above. Coding relation- 
ships and calibration points for 0V to 5V, - 2.5V to + 2.5V 
and - 5V to + 5 V ranges can be found by halving the corre- 
sponding code equivalents listed for the 0V to 10V and 
-10V to + 10V ranges, respectively. 

Zero and full-scale calibration can be accomplished to a 
precision of approximately ± 1/4 LSB using the static ad- 
justment procedure described in paragraph 1.1. By sum- 
ming a small sine or triangular wave voltage with the 
signal applied to the analog input, the output can be 
cycled through each of the calibration codes of interest to 
more accurately determine the center (or end points) of 
each discrete quantization level. 
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TABLE III. INPUT VOLTAGES AND CODE DEFINITIONS 


Binary (BIN) 

Output 

Analog Input 
Voltage Range 


INPUT VOLTAGE RANGE AND LSB VALUES 



One Least 
Significant 
Bit (LSB) 


Transition Values 
MSB LSB 

000 .. . 000 **** 
01 1...1 1 1 
1 1 1...1 1 0 


FSR 

20V 

10V 

5V 

20V 

10V 

5V 

2 n 

2" 

2 n 

2 n 

2 n 

2 n 

2 n 

n = 8 

78.13 mV 

39.06 mV 

19.53 mV 

78.13 mV 

39.06 mV 

19.53 mV 

n = 10 

19.53 mV 

9.77 mV 

4.88 mV 

19.53 mV 

9.77 mV 

4.88 mV 

CM 

II 

c 

4.88 mV 

2.44 mV 

1.22 mV 

4.88 mV 

2.44 mV 

1.22 mV 


+ Full-Scale 
Mid-Scale 
- Full-Scale 


10V - 3/2 LSB 
0 

-10V +1/2 LSB 


5V -3/2 LSB 
0 

- 5V +1/2 LSB 


2.5V - 3/2 LSB 
0 

-2.5V +1/2 LSB 


20V - 3/2 LSB 
10V 

0 +1/2 LSB 


10V -3/2 LSB 
5V 

0 +1/2 LSB 


5V -3/2 LSB 
2.5V 

0 +1/2 LSB 


‘COB = Complementary Offset Binary. 

“CTC = Complementary Two’s complement— obtained by using the complement of the most significant bit (MSB). MSB is available on pin 8. 
* “CSB = Complementary Straight Binary. 

* * * ‘Voltages given are the nominal value for transition to the code specified. 


Ordering Information 


Temperature Range 

- 25°C to +85°C 


*ADC1280HCD 

0.012% 

ADC80AG-12 

Linearity 

ADC80AGZ-12 

(Accuracy) 

*ADC1080HCD 

0.048% 

ADC80AG-10 


ADC80AGZ-10 

Package 

D32B 


Devices may be ordered by either part number . 
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£3 


National 

Semiconductor 


A to D, D to A 


ADC1210, ADC1211 12-Bit CMOS A/D Converters 


Genera! Description 


The ADC1210, ADC121 1 are low power, medium speed, 
12-bit successive approximation, analog-to-digital con- 
verters. The devices are complete converters requiring 
only the application of a reference voltage and a clock 
for operation. Included within the device are the succes- 
sive approximation logic, CMOS analog switches, pre- 
cision laser trimmed thin film R-2R ladder network and 
FET input comparator. 


The ADC1210 offers 12-bit resolution and 12-bit 
accuracy, and the ADC1211 offers 12-bit resolution 
with 10-bit accuracy. The inverted binary outputs are 
directly compatible with CMOS logic. The ADC1210, 
ADC121 1 will operate over a wide supply range, convert 
both bipolar and unipolar analog inputs, and operate in 
either a continuous conversion mode or logic-controlled 


START-STOP conversion mode. The devices are capable 
of making a 1 2-bit conversion in 1 00 ns typ, and can be 
connected to convert 10 bits in 30 ns. 

Both devices are available in military and industrial 
temperature ranges. 

Features 

■ 12-bit resolution 

o ±1/2 LSB linearity 

■ Single +5V to ±15V supply range 

■ 1 00 jus 1 2-bit, 30 jlis 1 0-bit conversion rate 
« CMOS compatible outputs 

h Bipolar or unipolar analog inputs 

■ 200 k£2 analog input impedance 
b Low cost 


Block Diagram 


START O—iiC 
CONVERSION ^ 14 
COMPLETE 


10 01 Q2 03 04 Q5 06 07 08 09 010 011 , 
|l I 2 | 3 I 4 | 5 | B I 7 | 8 | 9 |l0|ll|l2 


Connection Diagram 


IS 18 17 16 


Dual-In-Line Package 



Order Number ADC1210HCD, ADC121 1HCD, 
ADC1210HD or ADC1211HD 
See NS Package D24D 
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Absolute Maximum Ratings 

Maximum Reference Supply Voltage (V + ) 

16V 

Power Dissipation 

See Curves 

Maximum Negative Supply Voltage (V”) 

-20V 

Operating Temperature Range 


Voltage At Any Logic Pin 

V + + 0.3V 

ADC1210HD, ADC121 1 HD 

-55°C to +125°C 

Analog Input Voltage 

±15V 

ADC1210HCD, ADC121 1 HCD 

-25° C to + 85° C 

Maximum Digital Output Current 

: ±10 mA . 

Storage Temperature Range 

-65°C to +150°C 

Maximum Comparator Output Current 

50 mA 

Lead Temperature (Soldering, 10 seconds) 

300° C 

Comparator Output Short-Circuit Duration 

5 Seconds 


DC Electrical Characteristics 

(Notes 1 and 2) 




PARAMETER 

CONDITIONS 

ADC1210 

ADC1211 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Resolution 


12 



12 



Bits 

Linearity Error 

(Note 3) 

fCLK = 65 kHz,TA = 25°C 



±0.0122 



±0.0488 

% FS 


fCLK = 65kHz 



±0.0244 




% FS 

Full Scale Error 

Ta = 25° C, Unadjusted 



0.1 , 



0.25 

% FS 

Zero Scale Error 

Ta = 25°C, Unadjusted 



0.1 



0.25 s 

% FS 

Quantization Error 




±1/2 



±1/2 

LSB 

Input Resistor Values 

R27, R28 


20 



20 


kS2 

Input Resistor Values 

R25, R26 





200 


kft 

Input Resistor Ratios 

R25/R26, R27/R28 



0.1 



0.1 

% 

Logic "1” Input Voltage 


8 



8 



V 

Logic ”0" Input Voltage 




2 



2 

V 

Logic “I” Input Current 

V|N = 10.24V 



1 



1 

,iA 

Logic "0" Input Current 

> 

0 

11 

z 

> 



-1 



-1 

juA 

Logic "1” Output Voltage 

IOUT<”1 MA 

9.2 



9.2 



V 

Logic "0" Output Voltage 

'OUT < 1 JUA 



0.5 



0.5 

V . 

Positive Supply Current 

V + = 15V,f C LK = 65kHz, 

T A = 25° C 


5 

8 


5 

8 

mA 

Negative Supply Current 

V“= -15V, T A = 25°C 


4 

6 . 


4 

6 

mA 


AC Electrical Characteristics t a = 25°c, (Notes i and 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Conversion Time 



100 

200 

Us 

Maximum Clock Frequency 



130 

65 

kHz 

Clock Pulse Width 


100 

50 


ns 

Propagation Delay From Clock to Data Output 

t r < tf < 10 ns 


60 

150 

ns 

(Q0 to Q1 1 ) 






Propagation Delay From Clock to Conversion 

t r < tf < 10 ns 


60 

150 

ns ' 

Complete 






Clock Rise and Fall Time 




5 

US 

Input Capacitance , 



10 


pF 

Start Conversion Set-Up Time 


30 



ns 


Note 1: Unless otherwise noted, these specifications apply for V + = 10.240V, V = —15V, over the temperature range — 55° C to +125°C for 
the ADC1210HD, ADC1211HD, and -25°C to +85°C for the ADC1210HCD, ADC1211 HCD, 

Note 2: All typical values are for Ta = 25° C. 

Note 3: Unless otherwise noted, this specification applies over the temperature range — 25° C to +85° C. Provision is made to adjust zero scale error 
to 0V and full-scale to 10.2375V during testing. Standard linearity test circuit is shown in Figure 5a. 
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Schematic Diagram 

v - +IN 



Power Dissipation vs 



0 25 50 75 100 125 150 

TEMPERATURE (°C) 


Supply Current vs 
Supply Voltage 


100 Hz <fcLK < 250 kHz 
T A = 25“C | | 



V + , PIN 23 AT LOGIC "IT, 
1 1 1— 



1 -I'-T 

V + , PIN 23 AT LOGIC "IJJ 



V~ 






— 














0 5 10 15 

SUPPLY VOLTAGE (±V) 


1-0 THEORY OF OPERATION 

The ADC1210, ADC1211 are successive approximation 
analog-to-digital converters, i.e., the conversion takes 
place 1 bit at a time by comparing the output of the 
internal D/A to the (unknown) input voltage. The 
START input (pin 13), when taken low, causes the 
register to reset synchronously on the next CLOCK 
low-to-high transition. The MSB, Q11 is set to the low 
state, and the remaining bits, QO through Q10, will be 
set to the high state. The register will remain in this 
state until the SC input is taken high. When START goes 
high, the conversion will begin on the low-to-high 
transition of the CLOCK pulse. Q1 1 will then assume 
the state of pin 23. If pin 23 is high, Q1 1 will be high; 
if pin 23 is low, Q1 1 will remain low. At the same time, 
the next bit, Q10 is set low. All remaining bits, Q0-Q9 


will remain unchanged (high). This process will continue 
until the LSB (QO) is found. When the conversion 
process is completed, it is indicated by CONVERSION 
COMPLETE (CC) (pin 14) going low. The logic levels at 
the data output pins (pins 1—12) are the complemented- 
binary representation of the converted analog signal with 
Q11 being the MSB and QO being the LSB. The register 
will remain in the above state until the SC is again taken 
low. 

An application example is shown in Figure 1 . In this 
case, a 0 to -10.2375V input is being converted using 
the ADC1210 with V + = 10.240V, V“ = -15V. Figure 
1b is the timing diagram for full scale input. Figure 1c 
is the timing diagram for zero scale input, Figure Id is 
the timingdiagram for~3.4125V input (010101010101 = 
output). 
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TABLE 1. Pin Assignments and Explanations 

PIN NUMBER 

MNEMONIC 

FUNCTION 

1-12 

011-00 

Digital (data) output pins. This information is a parallel 12-bit complemented binary 
representation of the converted analog signal. All data is valid when "Conversion Com- 
plete" goes low. Logic levels are ground and V + . 

13 

SC 

Start Conversion is a logic input which causes synchronous reset of the successive approx- 
imation register and initiates conversion. Logic levels are ground and V + . 

14 

CC 

"Conversion Complete" is a digital output signal which indicates the status of the con- 
verter. When CC is high, conversion is taking place, when low conversion is completed. 
Logic levels are ground and V + . 

15, 16 

R27, R28 

R27 and R28 are two application resistors connected to the comparator non-inverting 
input. The resistors may be used in various modes of operation. Their nominal values are 
20 k£2 each. See Applications section. 

17 

+IN 

Non-inverting input of the analog comparator. This node is used in various configura- 
tions and for compensation of the loop. See Applications section. 

18, 19 

R25, R26 

R25 and R26 are two application resistors that are tied internally to the inverting input 
of the comparator. Their nominal values are 200 k£2 each. See Applications 
section. The R-2R ladder network will have the same temperature coefficient as these 
resistors. 

20 

V“ 

Negative supply voltage for bias of the analog comparator. Optionally may be grounded 
or operated with voltages to -20V. 

21 

GND 

Ground for both digital and analog signals. 

22 

V + (VREF) 

V + sets both maximum full scale and input and output logic levels. 

23 

CO 

Comparator output. 

24 

Cp 

Clock is an input which causes the successive approximation (shift) register to advance 
through the conversion sequence. Logic levels are ground and V + . 


2.0 APPLICATIONS 

2.1 Power Supply Considerations and 
Decoupling 

Pin 22 is both the positive supply and voltage reference 
input to the ADC1210, ADC121 1. The magnitude of V + 
determines the input logic “1" threshold and the output 
voltage from the CMOS SAR. The device will operate 
over a range of V + from 5V to 15V. However, in order 
to preserve 12-bit accuracy, V + should be well regulated 
(0.01%) and isolated from external switching transients. 
It is therefore recommended that pin 22 be decoupled 
with a 4.7 juF tantalum capacitor in parallel with a 
0.1 /uF ceramic disc capacitor. 

The V - supply (pin 20) provides negative bias for the 
FET comparator. Although pin 20 may be grounded in 
some applications, it must be at least 2V more negative 
than the most negative analog input signal. When a nega- 
tive supply is used, pin 20 should also be bypassed with 
4.7 /iF in parallel with 0.1 ytF. 

Grounding and circuit layout are extremely important 
in preserving 12-bit accuracy. The user is advised to 
employ separate digital and analog returns, and to make 
these PC board traces as "heavy" as practical. 

2.2 Short Cycle for Improved Conversion 
Time (Figure 2) 

The ADC1210, ADC1211 counting sequence may be 
truncated to decrease conversion time. For example, 
when using the ADC1211, 2 clock intervals may be 


"saved" if 10-bit conversion accuracy is taking place. 
The Q2 outpujtjhould be "OR'd" with CONVERSION 
COMPLETE (CC) in order to ensure that the register 
does not lock-up upon power turn-on. 



DIGITAL OUTPUTS 

FIGURE 2. Short Cycling the ADC1211 to Improve 
10- Bit Conversion Time {Continuous Conversion) 

2.3 Logic Compatibility * 

The ADC1210, ADC1211 is intended to interface with 
CMOS logic levels: i.e., the logic inputs and outputs 
are directly compatible with series 54C/74Cand CD4000 
family of logic components. The outputs of the 
ADC1210, ADC1211 will not drive LPTTL, TTL or 
PMOS logic directly without degrading accuracy. Various 
recommended interface techniques are shown in Figures 
3 and 4. 

2.4 Operating Configurations 
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Several recommended operating configurations are 
shown in Figure 5. 







inum 



DIGITAL OUTPUTS 
• TTL0R5V CMOS 
COMPATIBLE 


FIGURE 3. Interfacing an ADC1210, ADC121 1 Running on V + > V CC - Example: V + = 10.24V, System V C c = 5V 



FIGURE 4. Interfacing an ADC1210, ADC1211 Running on V + < V cc . Example: V + = 5V, V C C = 15V 


2.5 Offset and Full Scale Adjust 

A variety of techniques may be employed to adjust 
Offset and Full Scale on the ADC1210, ADC1211. A 
straight-forward Full Scale Adjust is to incrementally 
vary V + (Vref) to match the analog input voltage. 
A recommended technique is shown in Figure 6. An 
LM199 and low drift op amp (e.g., the LH0044) are 
used to provide the precision reference. The ADC1210, 
ADC1211 is put in the continuous convert mode by 
shorting pins 13 and 14. An analog voltage equal to 
Vref minus 1 1/2 LSB (10.23625V) is applied to pins 
18 and, 19, and R1 is adjusted until the LSB flickers 
equally between logic “1" and logic "0" (all other out- 


puts must be stable logic ''0"). Offset Null is accom- 
plished by then applying an analog input voltage equal 
to 1/2 LSB at pins 18 and 19. R2 is adjusted until the 
LSB output flickers equally between logic "1" and 
logic "0" (ail other bits are stable). In the circuit of 
Figure 6, the ADC1210, ADC1211 is configured for 
Complementary Binary logic and the values shown are 
for V + = 10.240V, Vrs = 10.2375V, LSB = 2.5 mV. 


An alternate technique is shown in Figure 7. In this 
instance, an LH0071 is used to provide the reference 
voltage. An analog input voltage equal to Vref minus 
1 1/2 LSB (10.23625V) is applied to pins 18 and 19. 











FIGURE 5c. Bipolar Input, Complementary Logic 





Applications Information (Continued) 



FIGURE 6. Offset and Full Scale Adjustment for Complementary Binary 


R1 is adjusted until the LSB output flickers equally 
between logic "1" and logic "0" (all other outputs must 
be a stable logic “0"). For Offset Null, an analog voltage 
equal to 1/2 LSB (1.25 mV) is then applied to pins 18 
and 19, and R2, is adjusted until the LSB output flickers 
equally between logic “1" and "0”. 



FIGURE 7. Offset and Full-Scale Adjustment 
Technique Using LH0071 

In both techniques shown, adjusting the Full-Scale first 
and then Offset minimizes adjustment interaction. At 
least one iteration is recommended as a self-check. 


2.6 Start Pulse Considerations 

To assure reliable conversion accuracy, the START (SC) 
pulse applied to pin 13 of the ADC1210 should be syn- 
chronized to the conversion clock. One simple way to 
do that is the circuit shown in Fig ure 8. N ote that once 
a conversion cycle is initiated, the START signal cannot 
effect the conversion operation until it is completed. 



The circuit insures that in no case can the ADC1210 
make an error in the Most Significant Bit (MSB) deci- 
sion. Without the circuit, it is possi ble for e nergy from' 
the trailing edge of an asynchronous START pulse to be 
coupled into the ADC1210's comparator. If the analog 
input is near half-scale, the charge injected can force an 
error in the MSB decision. The circuit allows one clock 
period for this energy to dissipate before the decision is 
recorded. 

2.7 ADC1 210 Conversion at 26 jus 

The ADC1210 can run at 500 kHz clock frequency, or 
12-bit conversion time of 26 /is (Figure 9). The compara- 
tor output is clamped low until the successive approxi- 
mation register (SAR) is ready to strobe in the data at 
the rising edge of the conversion clock. Comparator 
oscillation is suppressed and kept from influencing the 
conversion decisions, eliminating the need for the AC 
hysteresis circuit above clock frequency of 65 kHz that 
is recommended. 


Vref 



A complementary phased clock is required. The posi- 
tive phase is used to clock the converter SAR as is 
normally the case. The same signal is buffered and in- 
verted by the transistor. The open collector is wire-ORed 
to the output of the comparator. During the first half of 
the clock cycle (50% duty cycle), the comparator output 
is clamped and disabled, though its internal operation is 
still in normal working order. The last half cycle of the 
clock unclamps the comparator output. Thus, the out- 
put is permitted to slew to the final logic state just before 
the decision is logged into the SAR. The MM74C906 
buffer (or with two inverting buffers) provides adequate 
propogation delay such that the comparator output 
data is held long enough to resolve any internal logic set- 
up time requirements. 
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The 500 kHz clock implies that the absolute minimum 
amount of time for the comparator output is undamped 
is 1 jus. Therefore, if the clock is not 50% duty cycle, this 
1 ps requirement must be observed. 

3.0 DEFINITION OF TERMS 

Resolution: The Resolution of an A/D is an expression 
of the smallest change 'in input which will increment 
(or decrement) the output from one code to the next 
adjacent code. It is defined in number of bits, or 1 
part in 2 n . The ADC1210 and ADC1211 have a resolu- 
tion of 12 bits or 1 part in 4 096 (0.0244%). 

Quantization Uncertainty: Quantization Uncertainty is 
a direct consequence of the resolution of the converter. 
All analog voltages within a given range are represented 
by a single digital output code. There is, therefore, an 
inherent conversion error even for a perfect A/D. As an 
example, the transfer characteristic of a perfect 3-bit 
A/D is shown in Figure 10. 



ANALOG INPUT VOLTAGE 

FIGURE 10. Quantization Uncertainty 
of a Perfect 3-Bit A/D 

As can be seen, all input voltages between 0 V and IV 
are represented by an output code of 000. All input 
voltages between IV and 2V are represented by an 
output code of 001, etc. If the midpoint of the range is 
assumed to be the nominal value (e.g., 0.5V), there is an 
Uncertainty of ±1/2 LSB. It is common practice to 
offset the converter 1/2 LSB in order to reduce the 
Uncertainty to ±1/2 LSB is shown in Figure 11, rather 
than +1, —0 shown in Figure 10. Quantization Uncer- 
tainty can only be reduced by increasing Resolution. 
It is expressed as ±1/2 LSB or as an error percentage of 
full scale (±0.0122% FS for the ADC1210). 



ANALOG INPUT VOLTAGE 

FIGURE 11. Transfer Characteristic Offset 
1/2 LSB to Minimize Quantizing Uncertainty 

/ 

Linearity Error: Linearity Error is the maximum devia- 
tion from a straight line passing through the end points 
of the A/D transfer characteristic. It is measured after 
calibrating Zero and Full Scale Error. The Linearity 
Error of the ADC1210 is guaranteed to be less than 
±1/2 LSB or ±0.0122% of FS and ±0.0488% of FS for 
the ADI 211. Linearity is a performance characteristic 
intrinsic to the device and cannot be externally adjusted. 


Zero Scale Error (or Offset): Zero Scale Error is a 
measure of the difference between the output of an 
ideal and the actual A/D for zero input voltage. As 
shown in Figure 12, the effect of Zero Scale Error is 
to shift the transfer characteristic to the right or left 
along the abscissa. Any voltage more negative than the 
LSB transition gives an output code of 000. In practice, 
therefore, the voltage at which the 000 to 001 transition 
takes place is ascertained, this input voltage's departure 
from the ideal value is defined as the Zero Scale Error 
(Offset) and is expressed as a percentage of FS. In the 
example of Figure 12, the offset is 2 LSB's or 0.286% 
of FS. 
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ANALOG INPUT VOLTAGE 


FIGURE 12. A/D Transfer Characteristic with Offset 


The Zero Scale Error of the ADC1210, ADC1211 is 
caused primarily by offset voltage in the comparator. 
Because it is common practice to offset the A/D 1/2 LSB 
to minimize Quantization Error, the offsetting techniques 
described in the Applications Section may be used to 
null Zero Scale Error and accomplish the 1/2 LSB 
offset at the same time. 

Full Scale Error (or Gain Error): Full Scale Error is a 
measure of the difference between the output of an 
ideal A/D converter and the actual A/D for an input 
voltage equal to full scale. As shown in Figure 13, the 
Full Scale Error effect is to rotate the transfer charac- 
teristic angularly about the origin. Any voltage more 
positive than the Full Scale transition gives an output 
code of 111. In practice, therefore, the voltage at which 
the transition from 111 to 110 occurs is ascertained. 
The input voltage's departure from the ideal value is 
defined as Full Scale Error and is expressed as a per- 
centage of FS. In the example of Figure 13, Full Scale 
Error is 1 1/2 LSB's, or 0.214% of FS. 



0 1 2 3 4 5 6 7 8 

ANALOG INPUT VOLTAGE 


FIGURE 13. Full Scale (Gain Error) 


Full Scale Error of the ADC1210, ADC1211 is due 
primarily to mismatch in the R-2R ladder equivalent 
output impedance and input resistors R25, R26, R27, 
and R28. The gain error may be adjusted to zero as 
outlined in section 2.5. 
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Monotonicity and Missing Codes: Monotonicity is a 
property of a D/A which requires an increasing or 
constant output voltage for an increasing digital input 
code. Monotonicity of a D/A converter does not, in 
itself, guarantee that an A/D built with that D/A will 
not have missing codes. However, the ADC1210 and 
ADC1211 are guaranteed to have no missing codes. 

Conversion Time: The ADC1210, ADC1211 are succes- 
sive approximation A/D converters requiring 13 clock 
intervals for a conversion to specified accuracy for the 
ADC1210 and 11 clocks for the ADC1211. There is 
a trade-off between accuracy and clock frequency due 


to settling time of the ladder and propagation delay 
through the comparator. By modifying the hysteresis 
network around the comparator, conversions with 10- 
bit accuracy can be made in 30 jus. Replace Ra, Rb 
and Ca in Figure 5 with a 10 M£2 resistor between 
pin 23 (Comparator Output) and pin 17 (+ IN), and 
increase the clock rate to 366 kHz. 

In order to prevent errors during conversion, the analog 
input voltage should not be allowed to change by more 
than ±1/2 LSB. This places a maximum slew rate of 
12.5 /iV//is on the analog input voltage. The usual solu- 
tion to this restriction is to place a Sample and Hold in 
front of the A/D. For additional application infor- 
mation, refer to application note AN245. 
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DAC0800, DAC0801, DAC0802 


Ega National 
Xi Semiconductor 


A to D, D to A 


DAC0800, DAC0801, DAC0802 8-Bit 
Digital-to-Analog Converters 


General Description 


The DAC0800 series are monolithic 8-bit high-speed 
current-output digital-to-analog converters (DAC) featur- 
ing typical settling times of 100 ns. When used as a mul- 
tiplying DAC, monotonic performance over a 40 to 1 
reference current range is possible. The DAC0800 series 
also features high compliance complementary current 
outputs to allow differential output voltages of 20 Vp-p 
with simple resistor loads as shown in Figure 1 . The 
reference-to-full-scale current matching of better than 
±1 LSB eliminates the need for full-scale trims in 
most applications while the nonlinearities of better 
than ±0.1% over temperature minimizes system error 
accumulations. 

The noise immune inputs of the DAC0800 series will 
accept TTL levels with the logic threshold pin, V j_c, pin 1 
grounded. Simple adjustments of the V[_c potential 
allow direct interface to all logic families. The perform- 
ance and characteristics of the device are essentially un- 
changed over the full ± 4.5V to ±18V power supply 
range; power dissipation is only 33 mW with ±5V sup- 
plies and is independent of the logic input states. 


The DAC0800, DAC0802, DAC0800C, DAC0801C and 
DAC0802C are a direct replacement for the DAC-08, 
DAC-08A, DAC-08C, DAC-08E and DAC-08 H, 
respectively. 

Features 

■ Fast settling output current 100 ns 

■ Full scale error ±1 LSB 

■ Nonlinearity over temperature ±0.1% 

■ Full scale current drift ±10ppm/°C. 

■ High output compliance -10V to +18V 

■ Complementary current outputs 

■ Interface directly with TTL, CMOS, PMOS and 
others 

■ 2 quadrant wide range multiplying capability 

■ Wide power supply range ±4.5V to ±18V 

■ Low power consumption 33 mW at ±5V 

■ Low cost 


Typical Applications 


Connection Diagram 


Dual-ln-Line Package 


MSB LSB 

B1 B2 B3 B4 B5 B6 B7 B8 


5 k I 5 6 7 8 9 10 11 12 ] 


3 16 13 1 2/ 


0.1/iF-L. 'OUT 


O C C O 

V~ 0.01 nf V + 


THRESHOLD 1 
CONTROL, V LC — 



FIGURE 1. ±20 Vp-p Output Digital-to-Analog Converter 


Ordering Information 


NON LINEARITY 



TEMPERATURE 

RAN GE 

<t a 

Ta< 

<Ta 


D PACKAGE (D16C) 


DAC0802LD DAC-08AQ 


DAC0800LD DAC-08Q 


ORDER NUMBERS* 


J PACKAGE (J16A) 


N PACKAGE (N16A) 


DAC0802LCJ DAC-08HQ DAC0802LCN DAC-08HP 


DAC0800LCJ DAC-08EQ DAC0800LCN DAC-08EP 
DAC0801 LCJ DAC-08CQ DAC0801LCN DAC-08CP 


Note. Devices may be ordered by using either order number. 
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Note 1: The maximum junction temperature of the DAC0800, DAC0801 and DAC0802 is 125°C. For operating at elevated temperatures, devices 
in the dual-in-line J or D package must be derated based on a thermal resistance of 100°C/W, junction to ambient, 175°C/W for the molded dual- 
in-line N package. 
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OUTPUT CURRENT (mA) Iq - OUTPUT CURRENT (mA) l FS - OUTPUT CURRENT (mA) 
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Typical Performance Characteristics! (Continued) 


Power Supply Current vs + V 
I ALL BITS HIGH OR LOW I I T 


0 2 4 6 8 10 12 14 16 18 20 

V CC - POSITIVE POWER SUPPLY (V) 


Power Supply Current vs V 

ALL BITS MAY BE HIGH OR' LOW 

I I I I I I 

I- WITH Iref s 2mA 

I- WITH I RE f = 1 mA 

13B 0.2 ml_ _ 


0 -2 -4 -6 -8 -10-12-14-16-18-20 
V - NEGATIVE POWER SUPPLY (V) 


Power Supply Current 
vs Temperature 


| ALL BITS HIGH OR LOW 


[ 'REF 

2 mA 






1 






V = -15V 
























+ V = 15V 















l — 



-50 50 100 150 

T A - TEMPERATURE (°C) 


Typical Applications (Continued) 


5 6 7 8 9 10 11 12 4 V 


_ +V REF 255 
FS ~ RrEF X 256 

>0 + *0 = lFS foral1 
logic states 


3 16 13 1 2/ 


“V 6 COMP 6 + VO 

0.1 <iF I c c ] T 


For fixed reference, TTL operation, 
typical values are: 

Vref = 10.000V 
RrEF = 5.000k 
R15 « Rref 
C C = 0.01 pF 
Vlc = 0V (Ground) 


FIGURE 15. Basic Positive Reference Operation 




FIGURE 16. Recommended Full Scale Adjustment Circuit 


_ -Vref 255 Note. R RE FsetslFs;R15is 
*FS W x 250 for bias current cancellation 

FIGURE 17. Basic Negative Reference Operation 


2 B3 B4 B5 B6 B7 B8 E 0 



l REF = 2mAO— — 114 DAC0800 



B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

Iq mA 

lO mA 

Eo 

Eo 

Full Scale 

1 

1 

1 

1 

1 

1 

1 

1 

1.992 

0.000 

-9.960 

0.000 

Full Scale— LSB 

1 

1 

1 

1 

1 

1 

1 

0 

1.984 

0.008 

-9.920 

-0.040 

Half Scale+LSB 

1 

0 

0 

0 

0 

0 

0 

1 

1.008 

0.984 

-5.040 

-4.920 

Half Scale 

1 

0 

0 

0 

0 

0 

0 

0 

1 : 000 

0.992 

-5.000 

-4.960 

Half Scale— LSB 

0 

1 

1 

1 

1 

1 

1 

1 

0.992 

1.000 

—4.960 

-5.000 

Zero Scale+LSB 

0 

0 

0 

0 

0 

0 

0 

1 

0.008 

1.984 

-0.040 

-9.920 

Zero Scale 

0 

0 

0 

0 

0 

0 

0 

0 

0.000 

1.992 

0.000 

-9.960 


FIGURE 18. Basic Unipolar Negative Operation 
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Typical Applications (Continued) 




B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

E 0 

E 0 

Pos. Full Scale 

1 

1 

1 

1 

1 

1 

1 

1 

-9.920 

+10.000 

Pos. Full Scale— LSB 

1 

1 

1 

1 

1 

1 

1 

0 

-9.840 

+9.920 

Zero Scale+LSB 

1 

0 

0 

0 

0 

0 

0 

1 

-0.080 

+0.160 

Zero Scale 

1 

0 

0 

0 

0 

0 

0 

0 

0.000 

+0.080 

Zero Scale— LSB 

0 

1 

1 

1 

1 

1 

1 

1 

+0.080 

■ , [ 5 

Neg. Full Scale+LSB 

0 

0 

0 

0 

0 

0 

0 

1 

+9.920 

-9.840 

Neg. Full Scale 

0 

0 

0 

0 

0 

0 

0 

0 

+10.000 

-9.920 


FIGURE 19. Basic Bipolar Output Operation 


5k 

r L 




B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

KEf 

Pos. Full Scale 

n 

n 

1 

u 

1 

1 

1 

1 

+9.920 

Pos. Full Scale— LSB 

n 


1 


1 

1 

1 

0 

+9.840 

(+) Zero Scale 



0 


0 

0 

0 

0 

+0.040 

( — ) Zero Scale 



1 


1 

1 

1 

1 

-0.040 

Neg. Full Scale+LSB 



Q 


0 

0 

0 

1 

-9.840 

Neg. Full Scale 



n 


0 

0 

0 

0 

-9.920 


FIGURE 20. Symmetrical Offset Binary Operation 





OTO + I FS -Rl 

. ~ 255 , 

' FSB 256 lREF 


For complementary output (operation^ as negative logic DAC), con- 
nect inverting input of op amp to lo (pin 2), connect lo (pin 4) 
to ground. 

FIGURE 21. Positive Low Impedance Output Operation 



For complementary output (operation as a negative logic DAC) con- 
nect non-inverting input of op amp to Iq (pin 2); connect Iq 
( pin 4) to ground. 

FIGURE 22. Negative Low Impedance Output Operation 
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Typical Applications (Continued) 


CLK 5 Q CC 


3 4 5 6 11 12 13 14 


112 11 10 9 8 7 6 5 



_[ i; 




T U INPUT 

« 

IR4 

5 R3 

-V ■ 

> 3.3M 

S 5k 

I 1 

1 oV 



<o/i 


?» 



± 0.1 I Note. For 1 /us conversion time with 8-bit resolution and 7-bit 

~ O accuracy, an LM361 comparator replaces the LM319 and the 

~ 15v reference current is doubled by reducing R1, R2 and R3 to 

2.5 k£2 and R4 to 2 Mf2. 

FIGURE 27. A Complete 2 /is Conversion Time, 8-Bit A/D Converter 
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National 

Semiconductor 


A to D, D to A 


DAC0808, DAC0807, DAC0806 8-Bit D/A Converters 


General Description 

The DAC0808 series is an 8-bit monolithic digital-to- 
analog converter (DAC) featuring a full scale output 
current settling time of 150 ns while dissipating only 
33 mW with ±5V supplies. No reference current (Irej=) 
trimming is required for most applications since the full 
scale output current is typically ±1 LSB of 255 Iref/ 
256. Relative accuracies of better than ±0.19% assure 
8-bit monotonicity and linearity while zero level output 
current of less than 4 fiA provides 8-bit zero accuracy 
for Iref > 2 mA. The power supply currents of the 
DAC0808 series are independent of bit codes, and 
exhibits essentially constant device characteristics over 
the entire supply voltage range. 

The DAC0808 will interface directly with popular TTL, 
DTL or CMOS logic levels, and is a direct replacement 
for the MC1508/MC1408. For higher speed applications, 
see DAC0800 data sheet. 


Features 

■ Relative accuracy: ±0.19% error maximum 
(DAC0808) 

■ Full scale current match: ±1 LSB typ 

■ 7 and 6-bit accuracy available (DAC0807, DAC0806) 

■ Fast settling time: 150 ns typ 

■ Noninverting digital inputs are TTL and CMOS 
compatible 

■ High speed multiplying input slew rate: 8 mA/jus 

■ Power supply voltage range: ±4.5V to ± 18V 

■ Low power consumption: 33 mW @ ±5V 


Block and Connection Diagrams 





A8 \ 

'256/ 


FIGURE 1. +10V Output Digital to Analog Converter 

Ordering Information 


ACCURACY 

OPERATING TEMPERATURE 
RANGE 


i D PACKAGE (D16C) | 

! J PACKAGE (J16A) | 

i N PACKAGE (N16A) 

8-bit 

-55°C<T A <+125°C 

DAC0808LD 

MCI 508 L8 





8-bit 

0°C < T A < +75°C 



DAC0808LCJ 

MC1408L8 

DAC0808LCN 

MC1408P8 

7-bit 

0°C < T A < +75°C 



DAC0807LCJ 

MCI 408 L7 

DAC0807LCN 


6-bit 

0°C < T A < +75°C 



DAC0806LCJ 

MC1408L6 

DAC0806LCN 

MC1408P6 


*Note. Devices may be ordered by using either order number. 


8-126 











Absolute Maximum Ratings 

Power Supply Voltage 
V CC 
VEE 

Digital Input Voltage, V5— V12 
Applied Output Voltage, Vq 
Reference Current, 1 14 
Reference Amplifier I nputs, VI 4, V 1 5 


+18 V, 


DC 


-18 V 


DC 

-10 Vqc 1° +18 Vqc 
-11 Vdc t0 +18 Vqc 

5 mA 
V CC/ v EE 


Power Dissipation (Package Limitation) 
Derate above T A = 25° C 
Operating Temperature Range 
DAC0808L 
DAC0808LC Series 
Storage Temperature Range 


1000 mW 
6.7 mW/°C 

— 55°C < T A < +125°C 
0 < T A < +75°C 
— 65°C to +150°C 


Electrical Characteristics 

(Vcc = 5V, Vee = — 15 . VDC. Vref/R14 = 2 mA, DAC0808: Ta = -55 
DAC0806C, Ta = 0°C to +75°C, and all digital inputs at high logic level 


’C to +125°C, DAC0808C, DAC0807C, 
unless otherwise noted.) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 


Er 

Relative Accuracy (Error Relative 
to Full Scale lo) 

(Figure 4) 




% 


DAC0808L (LM 1508-8), 

DAC0808LC (LM 1408-8) 




±0.19 

% 


DAC0807LC (LM1408-7), (Note 1) 




±0.39 

% 


DAC0806LC (LM1408-6), (Note’1) 




±0.78, 

% 


Settling Time to Within 1/2 LSB 

T A = 25° C (Note 2), 


150 


ns 


(Includes tp|_H) 

(Figure 5) 





tPLH. 

Propagation Delay Time 

T A = 25° C, (Figure 5) 


30 

100 

ns 

tPH 1_1 







TCI 0 

Output Full Scale Current Drift 



±20 


ppm/°C 

MSB 

Digital Input Logic Levels 

(Figure 3} 





V|H 

High Level, Logic "1” 


2 



vdc 

V| L 

Low Level, Logic "0” 




0.8 

vdc 

MSB 

Digital Input Current 

(Figure 3) 






High Level 

V m = 5V 


0 

0.040 

mA 


Low Level 

V| L = 0.8V 


-0.003 

-0.8 

mA 

'15 

Reference Input Bias Current 

(Figure 3) 


-1 

-3 

pA 

■ 

Output Current Range 

(Figure 3) 

Vee = -5V 

0 

2.0 

2.1 

mA 



Vee = -15V, Ta = 25°C 

0 

2.0 

4.2 

mA 

'O 

Output Current 

V REF = 2.000V, 

R14 = 100012, 

(Figure 3) 

1.9 

1.99 

2.1 

mA 


Output Current, All Bits Low 

(Figure 3) 


0 

4 

A<A 


Output Voltage Compliance 

Pin 1 Grounded, 

E r < 0.19%, T A = 25° C 



-0.55, +0.4 

vdc 


Vee Below -10V 

' 



-5.0, +0.4 

vdc 

SRIref 

Reference Current Slew Rate 

(Figure 6) 

4 

8 


mA/jis 


Output Current Power Supply 

Sensitivity 

-5V < Vee < -16.5V 


0.05 

2.7 

MA/V 


Power Supply Current (All Bits 

Low) 

(Figure 3) 





<cc 




2.3 

22 

mA 

'EE 

Power Supply Voltage Range 

T A = 25° C, (Figure 3) 


-4.3 

-13 

mA 

vcc 



4.5 

5.0 

5.5 

vdc 

vee 

Power Dissipation 


-4.5 

-15 

-16.5 

vdc 


All Bits Low 

VcC = 5V,V E E = -5V 


33 

170 

mW 



vcc = 5v, vee = — i5v 


106 

305 

mW 


All Bits High 

V C C= 15V, V E E = -5V 


90 , 


mW 



vcc = isv, v E e = -i5v 


160 


mW 


Note 1 : All current switches are tested to guarantee at least 50% of rated current. 
Note 2: All bits switched. 

Note 3: Range control is not required. 
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Typical Performance Characteristics 

Vqc = 5V, Vee = —15V, Ta = 25° C, unless otherwise noted 



Logic Input Current vs 
Input Voltage 



-12-10-8-6 -4-20 2 4 6 8 1012 1416 18 
V L - LOGIC INPUT VOLTAGE (V) 


Bit Transfer Characteristics 



V L - LOGIC INPUT VOLTAGE (V) 


Logic Threshold Voltage vs 



-55 -37-19 -1 17 35 53 71 89 107 125 
T A - TEMPERATURE <°C) 


Output Current vs Output 
Voltage (Output Voltage 
Compliance) 


ALL BITS "Of 

" 


I] 



V EE 

=-i 

>v 

vee 

= -5 

V 



“1 



r 


1 

4 = 2 

mA 
















l 14 = lmA- 

r 


_ 






1 


1 





' 


zj 




114 = 2 mA 

n 


n 



.I.. L. - 


-14 -10 -6 -2 2 6 10 14 18 


Output Voltage Compliance 
vs Temperature 



-50 0 50 100 150 


V 0 - OUTPUT VOLTAGE (V) 


TEMPERATURE ( C) 


Typical Power Supply 
Current vs Temperature 



Typical Power Supply 
Current vs V E e 


AL 

L Bl 

tshighor|low 

rr 




_ 

l EE WITH l t 

4 = 2 

>— 

mA 

t 




□ 

n 

1 

n 

1 





^l EE Wl 1 H l|4 = l mA j 





■ | - j | ~H - 

l EE WITH l 14 = 0.2 mA 




■* 

1 

““ 

ZE 






— 


! CC 













n 



o -2 -4 -6 -8-10-12-14-16-18-20 


Typical Power Supply 
Current vs Vqc 



0 2 4 6 8 10 12 14 16 18 20 


TEMPERATURE (°C) 


V EE - NEGATIVE POWER SUPPLY (V) 


V CC - POSITIVE POWER SUPPLY (V) 


Reference Input 
Frequency Response 



0.1 0.3 1 3 10 

f- FREQUENCY (MHz) 


Unless otherwise specified: R14 = 
R1 5 = 1 kf2, C = 15 pF,pin 16 to V EE ; 
Rl_ = 50S2, pin 4 to .ground. 

Curve A: Large Signal Bandwidth 

Method of Figure 7, VpjpF = 2 Vp-p 

offset 1 V above ground 

Curve B: Small Signal Bandwidth 

Method of Figure 7, Rj_ = 250J2, 

Vrep = 50 mVp-p offset 200 mV 

aboveground. 

Curve C: Large and Small Signal 
Bandwidth Method of Figure 9 (no 
op amp, R[_ = 50J2), Rg ,= 50f2, 
Vref = 2V, Vg = 100 mVp-p cen- 
tered at OV. 
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Test Circuits 



V| and 1-j apply to inputs A1— A8. 

The resistor tied to pin 15 is to temperature compensate the 
bias current and may not be necessary for all applications. 


/A1 A2 

br + - 

a V REF 
R14 


A5_ A6^ A7 A8 \ 

32 + 64 + T28 + 256/ 


and Am = "1" if Am is at high level 
An 0 "0" If Am is at low level 


FIGURE 3. Notation Definitions Test Circuit 



FIGURE 4. Relative Accuracy Test Circuit 



FOR SETTLING TIME 
MEASUREMENT (ALL BITS 
SWITCHED LOW TO HIGH) 


l PHL = *PLH 2 ID nj 
■ CLAMP LEVEL 


FIGURE 5. Transient Response and Settling Time 
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Test Circuits (Continued) 



v cc 



Vee 

FIGURE 8. Negative V REF 


VS 



FIGURE 9. Programmable Gain Amplifier or Digital Attenuator Circuit 

Application Hints 


REFERENCE AMPLIFIER DRIVE AND COMPEN- 
SATION . 

The reference amplifier provides a voltage at pin 14 for 
converting the reference voltage to a current, and a 
turn-around circuit or current mirror for feeding the 
ladder. The reference amplifier input current, 1 14 , must 
always flow into pin 14, regardless of the set-up method 
or reference voltage polarity. 

Connections for a positive voltage are shown in Figure 7. 
The reference voltage source supplies the full current 


1 14 . For bipolar reference signals, as in the multiplying 
mode, R15 can be tied to a negative voltage corres- 
ponding to the minimum input level. It is possible to 
eliminate R15 with only a small sacrifice in accuracy 
and temperature drift. 

The compensation capacitor value must be increased 
with increases in R14 to maintain proper phase margin; 
for R14 values of 1, 2.5 and 5 k£2, minimum capacitor 
values are 15, 37 and 75 pF. The capacitor may be tied 
to either Vee or ground, but using Vee increases 
negative supply rejection. 
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Application Hints (Continued) 

A negative reference voltage may be used if R14 is 
grounded and the reference voltage is applied to R15 as 
shown in Figure 8. A high input impedance is the main 
advantage of this method. Compensation involves a 
capacitor to Vee on pin 16, using the values of the 
previous paragraph. The negative reference voltage must 
be at least 4V above the Vee supply. Bipolar input 
signals may be handled by connecting R14 to a positive 
reference voltage equal to the peak positive input level 
at pin 15. < 

When a DC reference voltage is used, capacitive bypass 
to ground is recommended. The 5V logic supply is not 
recommended as a reference voltage. If a well regulated 
5V supply which drives logic is to be used as the refer- 
ence, R14 should be decoupled by connecting it to 
5V through another resistor and bypassing the junction 
of the 2 resistors with 0.1 juF to ground. For reference 
voltages greater than 5V, a clamp diode is recommended 
between pin 14 and ground. 

If pin 14 is driven by a high impedance such as a 
transistor current source, none of the above compensa- 
tion methods apply and the amplifier must be heavily 
compensated, decreasing the overall bandwidth. 

OUTPUT VOLTAGE RANGE 

The voltage on pin 4 is restricted to a range of —0.6 to 
0.5V when Vee = — 5V due to the current switching 
methods employed in the DAC0808. 

The negative output voltage compliance of the D AC0808 
is extended to -5V where the negative supply voltage is 
more negative than —10V. Using a full-scale current of 
1.992 mA and load resistor of 2.5 k£2 between pin 4 
and ground will yield a voltage output of 256 levels 
between 0 and —4.980V. Floating pin 1 does not affect 
the converter speed or power dissipation. However, the 
value of the load resistor determines the switching time 
due to increased voltage swing. Values of R[_ up to 
500ft do not significantly affect performance, but a 
2.5 kft load increases worst-case settling time to 
1.2 jus (when all bits are switched ON). Refer to the 
subsequent text section on Settling Time for more 
details on output loading. 

OUTPUT CURRENT RANGE 

The output current maximum rating of 4.2 mA may be 
used only for negative supply voltages more negative 
than —7 V, due to the increased voltage drop across the 
resistors in the reference current amplifier. 

ACCURACY 

Absolute accuracy is the measure of each output current 
level with respect to its intended value, and is dependent 
upon relative accuracy and full-scale current drift. 
Relative accuracy is the measure of each output current 
level as a fraction of the full-scale current. The relative 
accuracy of the DAC0808 is essentially constant with 
temperature due to the excellent temperature tracking 


of the monolithic resistor ladder. The reference current 
may drift with temperature, causing a change in the 
absolute accuracy of output current. However, the 
DAC0808 has a very low full-scale current drift with 
temperature. 

The DAC0808 series is guaranteed accurate to within 
±1/2 LSB at a full-scale output current of 1.992 mA. 
This corresponds to a reference amplifier output current 
drive to the ladder network of 2 mA, with the loss of 
1 LSB (8 [iA) which is the ladder remainder shunted to 
ground. The input current to pin 14 has a guaranteed 
value of between 1.9 and 2.1 mA, allowing some mis- 
match in the NPN current source pair. The accuracy test 
circuit is shown in Figure 4. The 12-bit converter is 
calibrated for a full-scale output current of 1.992 mA. 
This is an optional step since the DAC0808 accuracy is 
essentially the same between 1.5 and 2.5 mA. Then the 
DAC0808 circuits' full-scale current is trimmed to the 
same value with R14 so that a zero value appears at the 
error amplifier output. The counter is activated and the 
error band may be displayed on an oscilloscope, detected 
by comparators, or stored in a peak detector. 

Two 8-bit D-to-A converters may not be used to 
construct a 16-bit accuracy D-to-A converter. 16-bit 
accuracy implies a total error of ±1/2 of one part in 
65,536, or ±0.00076%, which is much more accurate 
than the ±0.019% specification provided by the 
DAC0808. 

MULTIPLYING ACCURACY 

The DAC0808 may be used in the multiplying mode 
with 8-bit accuracy when the reference current is varied 
over a range of 256:1. If the reference current in the 
multiplying mode ranges from 16 jliA to 4 mA, the 
additional error contributions are less than 1.6 juA. This 
is well within 8-bit accuracy when referred to full-scale. 

A monotonic converter is one which supplies an increase 
in current for each increment in the binary word. 
Typically, the DAC0808 is monotonic for all values of 
reference current above 0.5 mA. The recommended 
range for operation with a DC reference current is 0.5 to 
4 mA. 

SETTLING TIME 

The worst-case switching condition occurs when all 
bits are switched ON, which corresponds to a low-to-high 
transition for all bits. This time is typically 150 ns 
for settling to within ±1/2 LSB, for 8-bit accuracy, 
and 100 ns to 1/2 LSB for 7 and 6-bit accuracy. The 
turn OFF is typically under 100 ns. These times apply 
when R|_ < 50012 and Co < 25 pF. 

Extra care must be taken in board layout since this is 
usually the dominant factor in satisfactoy test results 
when measuring settling time. Short leads, 100 juF 
supply bypassing for low frequencies, and minimum 
scope lead length are all mandatory. 
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National 

Semiconductor 


MICRO-DAC™ DAC0830/0831/0832 


A to D, D to A 


8-Bit jLtP Compatible, Double-Buffered D to A Converters 


General Description 

The DAC0830 is an advanced CMOS/Si-Cr 8-bit multiply- 
ing DAC designed to interface directly with the 8080, 
8048, 8085, Z-80, and other popular microprocessors. A 
deposited silicon-chromium R-2R resistor ladder network 
divides the reference current and provides the circuit 
with excellent temperature tracking characteristics 
(0.05% of Full Scale Range maximum linearity error over 
temperature). The circuit uses CMOS current switches 
and control logic to achieve low power consumption 
and low output leakage current errors. Special circuitry 
provides TTL logic input voltage level compatibility. 


Double buffering allows these DACs to output a voltage 
corresponding to one digital word while holding the next 
digital word. This permits the simultaneous updating of 
any number of DACs. 


The DAC0830 series are the 8-bit members of a family of 
microprocessor-compatible DAC’s (MICRO-DAC’s™). 
For applications demanding higher resolution, the 
DAC1000 series (10-bits) and the DAC1208 and DAC1230 
(12-bits) are available alternatives. 


Mlcro-Dac Is a trademark of National Semiconductor Cor p. 


Features 


■ Double-buffered, single-buffered or flow-through 
digital data inputs 

■ Easy interchange and pin-compatible with 12-bit 
DAC 1230 series 

■ Direct interface to all popular microprocessors 

■ Linearity specified with zero and full scale adjust 
only— -NOT BEST STRAIGHT LINE FIT. 

■ Works with ± 10V reference-full 4-quadrant multipli- 
cation 

o Can be used in the voltage switching mode 

■ Logic inputs which meet TTL voltage level specs 
(1.4V logic threshold) 

■ Operates “STAND ALONE” (without ^P) if desired 


Key Specifications 

■ Current settling time 

■ Resolution 

■ Linearity 

(guaranteed over temp.) 

■ GainTempco 

■ Low power dissipation 

■ Single power supply 


l^s 
8-bits 
8, 9, or 10 bits 


0.0002% FS/°C 
20 mW 
5 to 1 5 V no 


Typical Application 



Pin Configuration Top View 


cs 

1* 


20 

WRi 

2 


19 

AGND 

3 


18 

0I 3 — 

4 


17 

di 2 — 

5 

DAC0830 

16 



DAC0831 


Oh 

6 

DAC0832 

15 

Dio (LSB) 

7 


14 

Vref 

8 


13 

Rib 

9 


12 

DGND 

10 


11 


Vcc 

l L E (BYTE1/ 

WR2 

XFER 

DU 

0I 5 

Ole 

0I 7 (MSB) 

•0UT2 

>0UT1 


fTHIS IS NECESSARY 
FOR THE 12-BIT 
0AC1230 SERIES TO 
PERMIT INTERCHANGING 
FROM AN B-BIT TO A 
12-BIT DAC WITH NO PC 
B O A R D CtfANGiS AND 
NQ _ Sg _ F T WARE 
CHANGES . SEE 
APPLICATIONS SECTION. 
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Absolute Maximum Ratings (Notes i and 2 ) 

Operating Ratings 



Supply Voltage (V cc ) 

17V D0 

Temperature Range 




Voltage at any digital input V cc toGND 

Part numbers with ‘LCN’ suffix 


0°C to 70 °C 

Voltage at V REF input 

±25V 

Part numbers with ‘LCD’ suffix 

-40°Cto +85 °C 

Storage temperature range -65 °C to + 1 50 

°C 

Part numbers with ‘LD’ Suffix 

-55 

’Cto+125 0 C 

Package dissipation at T A = 25 °C (Note 3) 500 mW 

Voltage at any digital input 


V C c TO GND 

DC voltage applied to ImiTi orlnirr? - 1 00 mV to Vp.r. 








(Note 4) 










Lead temperature (soldering, 1 0 seconds) 300 

°C 








General Electrical Characteristics t a 

= 25°C, V REF 

= 10.000 Vpc unless otherwise noted 




See 

v cc = 

= 12V DC ±5% 

Vcc 

= 5V DC i 

.5% 


Parameter 

Conditions 

Note 

to 15V DC ± 5% 




Units 




Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Resolution 



8 

8 

8 

8 

8 

8 

bits 

Linearity Error 

Zero and full scale adjusted 

4,7 









Tmin < T a < Tmax 

6 









-10V < V REF < + 10V 

5 









DAC0830 




0.05 



0.05 

% of FSR 


DAC0831 




0.1 



0.1 

% of FSR 


DAC0832 




0.2 



0.2 

% of FSR 

Differential 

Zero and full scale adjusted 

4,7 








Nonlinearity 

Tmin < T a < Tmax 

6 









-10V < V REF < +10V 

5 









DAC0830 




0.1 



0.1 

% of FSR 


DAC0831 




0.2 



0.2 

% of FSR 


DAC0832 




0.4 



0.4 

% of FSR 

Monotonicity 

Tmin < Ta < Tmax 

4,6 









-10V < V REF < + 10V 

5 

8 

8 

8 

8 

8 

8 

bits 

Gain Error 

Using internal Rfb 










-10V < V REF < +10V 

5 

-1.0 

±0.2 

1.0 

-1.0 

±0.2 

1.0 

% of FS 

Gain Error Tempco 

Tmin < T a < Tmax 

6 









Using internal Rfb 

10 


0.0002 

0.0006 


0.0002 

0.0006 

% of FS/°C 

Power Supply 

All digital inputs 









Rejection 

latched high 










Vcc = 14.5V to 15.5V 



0.0002 





% FSR/V 


11.5V to 12.5V 



0.0006 





% FSR/V 


4.5V to 5.5V 






0.0130 


% FSR/V 

Reference Input 










Resistance 



10 

15 

20 

10 

15 

20 

kQ 

Output Feedthrough 

Vref = 20Vp. P , f = 1 00 kHz 









Error 

All data inputs 










latched low 


I 








D Package 

9 


3 



3 


mVp.p 


N Package 



3 



3 


mVp.p 

Output l 0 UT 1 

All data inputs 



70 



70 


PF 

Capacitance Iout 2 

latched low 



200 



200 

1 

pF 

•outi 

All data inputs 



200 



200 


PF 

l0UT2 

latched high 



70 



70 


pF 

Supply Current 




i 






Drain 

Tmin < Ta < Tmax 

6 


1.2 

2.0 


1.2 

2.0 

mA 

. 
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General Electrical Characteristics Ta = 25°C, Vref = 10.000 V DC unless otherwise noted 
I FZl V CC = 12V DC ±5% I 


Output Leakage 
•Current 


Digital Input 
Voltages 


Digital Input 
Currents 


Current Settling 
Time 

Write and XFER 
Pulse Width 

Data Set Up Time 


Data Hold Time 


Control Set Up t C s 
Time 

Control Hold Time tcH 


Conditions 


Tmin < T a < Tmax 
All data inputs 
latched low 
All data inputs 
latched high 

Tmin < T A < T MA x 
Low Level 
LD suffix 
Parts with LCD or 
LCN suffix 
High Level-All Parts 

Tmin < T A < Tmax 
Digital inputs < 0.8V 
Digital inputs > 2.0V 

V| L = 0V, V, H = 5V 

V| L = 0V, V, H = 5V, 

T a = 25°C 
Tmin < T a < T M ax 
V| L = 0V, V| H = 5V, 

T a = 25 0 C 

Tmin < T A < Tmax ( 
V| L = 0V, V| H = 5V 
T a = 25°C 
-Tmin < T A < T MA x 
V| L = 0V, V| L = 5V, 

T a = 25°C 
Tmin < Ta < Tmax 
Vil = 0V, V| H = 5V, 

T a = 25°C 

Tmin < T A < Tmax 


Vcc = 5V dc ±5% 



Min. 

Typ. 

Max. 

Min.\ 

Typ. 

Max. 


6 








11 



100 



100 

nA 




100 



100 

nA 

6 











0.8 



0.6 

Vdc 




0.8 



0.8 

Vdc 


2.0 



2.0 



Vdc 

6 










-50 

-200 


-50 

-200 

mAdc 



0.1 

+ 10 


0.1 

+ 10 

mAdc 



1.0 



1.0 


pS 

.8 

320 

60 


320 

250 


ns 

10 

320 

100 


500 

350 


ns 

10 

320 

60 


320 

250 


ns 


320 

100 


500 

350 


ns 

10 

- 90 

50 


300 

200 


ns 


90 

60 


350 

260 


ns 

10 

320 

60 


320 

250 


ns 


320 

100 


500 

350 


ns 

10 

10 



10 



ns 


10 



10 



ns 


Note 1: “Absolute Maximum Ratings ” are those values beyond which the safety of the device cannot be guaranteed. These specifica- 
tions are not meant to imply that the devices should be operated at these “Absolute Maximum” limits. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: This 500 mW specification applies for all packages. The low intrinsic power dissipation of this part (and the fact that there is no 
way to significantly modify the power dissipation) removes concern for heat sinking. 

Note 4: For current switching applications, both Iouti and , OUT2 must go to ground or the “Virtual Ground’’ of an operational amplifier. 
The linearity error is degraded by approximately Vqs -*■ Vref- For example, if Vref = 10V then a 1 mV offset, Vos, on Iquti or louT2 wil1 
introduce an additional 0.01% linearity error. 

Note 5: Guaranteed at Vref =: ±10 Vdc and Vref = ±1 Vqq. 

Note 6: T^in = 0°C and Tmax = 70°C for “LCN” suffix parts. 

t min= -40°C and Tmax = 85 ° c for ‘‘LCD’’ suffix parts. 

Tmin = -55°C and Tmax= 125°C for “LD” suffix parts. 

Note 7: The unit “FSR” stands for “Full Scale Range.” “Linearity Error” and “Power Supply Rejection” specs are based on this unit to 
eliminate dependence on a particular Vref value and to indicate the true performance of the part. The “Linearity Error” specification of 
the DAC0830 is“0.05% of FSR (MAX).” This guarantees that after performing a zero and full scale adjustment (See Sections 2.5 and 
2.6), the plot of the 256 analog voltage outputs will each be within 0.05% x Vref °f a straight line which passes through zero and full 
scale. 

Note 8: This specification implies that all parts are guaranteed to operate with a write pulse or transfer pulse width (tw) of 320 ns. A 
typical part will operate with tyy of only 100 ns. The entire write pulse must occur within the valid data interval for the specified tw, tps, 
t DH , and t s to apply. 

Note 9: To achieve this low feedthrough in the D package, the user must ground the metal lid. If the lid is left floating, the feedthrough 
is typically 6 mV. 

Note 10: Guaranteed by design but not tested. 

Note 11: A 100 nA leakage current with Rfb = 20k and Vref = 10V corresponds to a zero error of (100 x 10 -9 x 20 x 10 3 ) x 100/10 which is 
0.02% of FS. 
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Switching Waveforms: 



Definition of Package Pinouts 

Control Signals (All control signals level actuated) 

CS: Chip Select (active l ow). T he CS in combination 
with ILE will enable WR V 

ILE: Input Latch Enablejactive h igh). The ILE in 
combination with CS enables WR^ 

Wfy: Write 1. The active low WRi is used to load the 
digital input data bits (Dl) into the input l atch. 
The data in the input latch is latched when WRt 
is hi gh. To update the input latch — CS and 
. WR-j must be low while ILE is high. 

WR 2 : Writ e 2 (ac tive low). This signal, in combination 
with XFER, causes the 8-bit data which is avail- 
able in the input latch to transfer to the DAC 
register. 

XFER: Transfer c ontrol signal (active low).The XFER 
will enable WR 2 . 


Other Pin Functions 

Pl 0 -Dl 7 : Digital Inputs. Dl 0 is the least significant bit 
(LSB) and Dl 7 is the most significant bit (MSB). 

•outi’ DAC Current Output 1. I 0 uti is a maximum for 
a digital code of all I’s in the DAC register, and 
is zero for all 0’s in DAC register. 


I 0 UT 2 : DAC Current Output 2. I 0 ut 2 is a constant 
minus I 0 uti» or Iouti + louT2 = constant 0 full 
scale for a fixed reference voltage). 

Rft,: Feedback Resistor. The feedback resistor is pro- 
vided on the 1C chip for use as the shunt feed-, 
back resistor for the external op amp which is 
used to provide an output voltage for the DAC. 
This on-chip resistor should always be used (not 
an external resistor) since it matches the resis- 
tors which are used in the on-chip R-2R ladder 
and tracks these resistors over temperature. 

V REF : Reference Voltage Input. This input connects 
an external precision voltage source to the in- 
ternal R-2R ladder. V REF can be selected over 
the range of + 10 to - 10V. This is also the ana- 
log voltage input for a 4-quadrant multiplying 
DAC application. 

Vcc-' Digital Supply Voltage. This is the power supply 
pin for the part. V cc can be from +5 to +15V DC . 
Operation is optimum for +15V DC . 

AGND: Analog Ground. This is the ground for the 
analog circuitry. This pin must always be con- 
nected to the digital ground potential, 

DGND: Digital Ground. This is the ground for the digi- 
tal logic. 
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a) End point test after 
zero and fs adj. 


b) Best straight line 


c) Shifting fs adj. to pass 
best straight line test 


Definition of Terms 

Resolution: Resolution is directly related to the number 
of switches or bits within the DAC. For example, the 
DAC0830 has 2 8 or 256 steps and therefore has 8-bit 
resolution. 

Linearity Error: Linearity Error is the maximum deviation 
from a straight line passing through the endpoints of the 
DAC transfer characteristic. It is measured after adjust- 
ing for zero and full-scale. Linearity error is a parameter 
intrinsic to the device and cannot be externally adjusted. 

National’s linearity “end point test” (a) and the “best 
straight line” test (b,c) used by other suppliers are 
illustrated above. The “end point test” greatly 
simplifies the adjustment procedure by eliminating the 
need for multiple iterations of checking the linearity and 
then adjusting full scale until the linearity is met. The 
“end point test” guarantees that linearity is met after a 
single full scale adjust. (One adjustment vs. multiple 
iterations of the adjustment.) The “end point test” uses 
a standard zero and F.S. adjustment procedure and is a 
much more stringent test for DAC linearity. 

Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the 
DAC full-scale output. 


Settling Time: Settling time is the time required from a 
code transition until the DAC output reaches within 
± Vz LSB of the final output value. Full-scale settling 
time requires a zero to full-scale or full-scale to zero 
output change. 

Full-Scale Error: Full scale error is a measure of the out- 
put error between an ideal DAC and the actual device out- 
put. Ideally, for the DAC0830 series, full-scale is V REF - 1 
LSB. For V REF = 10V and unipolar operation, V FUL l-scale 
= 10.0000V -39 mV = 9.961V. Full-scale error is adjust- 
able to zero. 

Differential Nonlinearity: The difference between any 
two consecutive codes in the transfer curve from the 
theoretical 1 LSB is differential nonlinearity. 

Monotonic: If the output of a DAC increases for increas- 
ing digital input code, then the DAC is monotonic. An 
8-bit DAC which is monotonic to 8 bits simply means that 
increasing digital input codes will produce an increasing 
analog output. 


I D 8-BIT Qk 

n ,NPUT A 

o REGISTER Qr 


I D 8-BIT Qh 
0 REGISTER Qr 


8-BIT 

MULTIPLYING 
D/A I 
CONVERTER | 


•NOTE: WHEN LE = “1”, Q OUTPUTS FOLLOW D INPUTS; [— O DGND 
WHEN LE=“0”, DATA AT D IS LATCHED. I 


Figure 1. DAC0830 Functional Diagram 
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Digital Input Threshold 
vs. Temperature 



-55-35-15 5 25 45 65 85 105 125 
T a , AMBIENT TEMPERATURE (°C) 


Digital input Threshold 
vs. V cc 



5 10 15 

V CC , SUPPLY VOLTAGE (V) 


Gain and Linearity Error 
Variation vs. Temperature 



-55-35-15 5 25 45 65 85 105 125 

T a> AMBIENT TEMPERATURE (°C) 


Gain and Linearity Error 
Variation vs. Supply Voltage 


+0.025 

0.000 

-0.025 

-0.05 

-0.075 

- 0.100 

-0.125 




alinearitV err 

)R 
































T. 

= 25 

_ 






'A 

_l 



□ 


0 5 10 15 

V cc , SUPPLY VOLTAGE (V DC ) 


Typical Write Pulse Width 



T a , AMBIENT TEMPERATURE (°C) 


Typical Data Hold Time 



-55-35-15 5 25 45 65 85 105 125 
T A , AMBIENT TEMPERATURE (°C) 


DAC0830 Series Application Hints 

These DAC’s are the industry’s first microprocessor 
compatible, double-buffered 8-bit multiplying D to A con- 
verters. Double-buffering allows the utmost application 
flexibility from a digital control point of view. This 20-pin 
device is also pin for pin compatible (with one exception) 
with the DAC1230, a 12-bit MICRO-DAC™. In the event 
that a system’s analog output-resolution and accuracy 
must be upgraded, substituting the DAC1230 can be 
easily accomplished. By tying address bit Ao to the ILE 
pin, a two-byte /uP write instruction (double precision) 
which automatically increments the address for the 
second byte write (starting with Ao=“1”) can be used. 
This allows either an 8-bit or the 12-bit part to be used 
with no hardware or software changes. For the simplest 
8-bit application, this pin should be tied to Vcc (also see 
other uses in section 1.1). 

Analog signal control versatility is provided by a preci- 
sion R-2R ladder network which allows full 4-quadrant 
multiplication of a wide range bipolar reference voltage 
by an applied digital word. 


1.0 Digital Considerations 

A most unique characteristic of these DAC’s is that the 
8-bit digital input byte is double-buffered. This means 
that the data must transfer through two independently 
controlled 8-bit latching registers before being applied 
to the R-2R ladder network to change the analog output. 
The addition of a second register allows two useful con- 
trol features. First, any DAC in a system can simul- 
taneously hold the current DAC data in one register (DAC 
register) and the next data word in the second register (in- 
put register) to allow fast updating of the DAC output on 
demand. Second, and probably more important, double- 


buffering allows any number of DAC’s in a system to be 
updated to their new analog output levels simultaneously 
via a common strobe signal. 

The timing requirements and logic level convention of 
the register control signals have been designed to mini- 
mize or eliminate external interfacing logic when applied 
to most popular microprocessors and development sys- 
tems. It is easy to think of these converters as 8-bit 
“write only” memory locations that provide an analog 
output quantity. All inputs to these DAC’s meet TTL 
voltage level specs and can also be driven directly with 
high voltage CMOS logic in non-microprocessor based 
systems. To prevent damage to the chip from static dis- 
charge, all unused digital inputs should be tied to V G c or 
ground. If any of the digital inputs are inadvertantly left 
floating, the DAC interprets the pin as a logic “1”. 

1.1 Double-Buffered Operation 

Updating the analog output of these DAC’s in a double- 
buffered manner is basically a two step or double write 
operation. In a microprocessor system two unique sys- 
tem addresses must be decoded, one for the input latch 
controlled by the CS pin an d a se cond for the DAC latch 
which is controlled by the XFER line. If more than one 
DAC is being driven, Figure 2, the CS line of each DAC 
would typically be decoded indi vidual ly, but all of the 
converters could share a common XFER address to allow 
simultaneous updating of any number of DAC’s. The 
timing for this operation is shown, Figure 3. 

It is important to note that the analog outputs that will 
change after a simultaneous transfer are those from the 
DA C’s wh ose input register had been modified prior to 
the XFER command. 
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7> \INPUT LATCH ANALOG OUTPUT 
UPDATED UPDATED 


s DAC REGISTER LATCHED 


The ILE pin is an active high chip select which can be de- 
coded from the address bus as a qualifier for the normal 
CS signal generated during a write operation. This can 
be used to provide a higher degree of decoding unique 
control signals for a particular DAC, and thereby create 
a more efficient addressing scheme. 

Another useful application of the ILE pin of each DAC in 
a multiple DAC system is to tie these inputs together and 
use this as a control line that can effectively “freeze” the 
outputs of all the DAC’s at their present value. Pulling 
this line low latches the input register and prevents new 
data from being written to the DAC. This can be particu- 
larly useful in multiprocessing systems to allow a pro- 


cessor other than the one controlling the DAC’s to take 
over control of the data bus and control lines. If this sec- 
ond system were to use the same addresses as those 
decoded for DAC control (but for a different purpose) 
the ILE function would prevent the DAC’s from being 
erroneously altered. 

In a “Stand-Alone” system the control signals are gen- 
erated by discrete logic. In this case doubl e-buff ering 
can be controlled by simply taking CS and XFER to a 
logic “0”, ILE to a logic “1” an d pul ling WR 1 low to load 
data to the input latch. Pulling WR 2 low will then update 
the analog output. A logic “1” on either of these lines 
will prevent the changing of the analog output. 
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ANALOG DATA 

OUTPUT UPDATED LATCHED 

ILE = LOGIC “1”; WR? and XFER GROUNDED 


Figure 4. 


1.2 Single-Buffered Operation 

In a microprocessor controlled system where maximum 
data throughput to the DAC is of primary concern, or 
when only one DAC of several needs to be updated at a 
time, a single-buffered configuration can be used. One 
of the two internal registers allows the data to flow 
through and the other register will serve as the data 
latch. 

Digital signal feedthrough (see Section 1 .5) is minimized 
if the input register is used as the data latch. Timing for 
this mode is shown in figure 4. 

Single-buffe ring in a “stand-alone” system is achi eved 
by s trobin g WR 1 low to update the DAC with CS, WR 2 
and XFER grounded and ILE tied high. 

1.3 Flow-Through Operation 

Though primarily designed to provide microprocessor 
interface compatibility, the MICRO-DAC’s can easily be 
configured to allow the analog output to continuously 
reflect the state of an applied digital input. This is most 
useful in applications where the DAC is used in a con- 
tinuous feedback control loop and is driven by a binary 
up-down counter, or in function generation circuits where 
a ROM is continuosly providing DAC data. 

Simply grounding CS, WR-,, WR 2 , and XFER and tying 
ILE high allows both internal registers to follow the ap- 
plied digital inputs (flow-through) and directly affect the 
DAC analog output. 

1.4 Control Signal Timing 

When interfacing these MICRO-DAC’s to any micropro- 
cessor, there are two important time relationships that 
must be considered to insure proper operation. The first 
is the minimum WR strobe pulse width which is specified 
as 500 ns for all valid operating conditions of supply volt- 
age and ambient temperature, but typically a pulse width 
of only 100 ns is adequate if V cc = 15V DC . A second con- 
sideration Is that the guaranteed minimum data hold 


time of 90 ns should be rnet or erroneous data can be 
latched. This hold time is defined as the length of time 
data must be held valid on the digital inputs after a quali- 
fied (via CS) WR strobe makes a low to high transition to 
latch the applied data. 

If the controlling device or system does not inherently 
meet these timing specs the DAC can be treated as a 
slow memory or peripheral and utilize a technique to 
extend the write strobe. A simple extension of the write 
time, by adding a wait state, can simultaneously hold the 
write strobe active and data valid on the bus to satisfy 
the minimum WR pulsewidth. If this does not provide a 
sufficient data hold time at the end of the write cycle, a 
negative edge triggered one-shot can be included be- 
tween the system write strobe and the WR pin of the 
DAC. This is illustrated in Figure 5 for an exemplary sys- 
tem which provides a 250 ns WR strobe time with a data 
hold time of only 10 ns. 

The proper data set-up time prior to the latching edge (LO 
to HI transition) of the WR strobe, is insured if the WR 
pulsewidth is within spec and the data is valid on the 
bus for the duration of the DAC WR strobe. 

1.5 Digital Signal Feedthrough 

When data is latched in the internal registers, but the 
digital inputs are changing state, a narrow spike of cur- 
rent may flow out of the current output terminals. This 
-spike is caused by the rapid switching of internal logic 
gates that are responding to the input changes. 

There are several recommendations to minimize this ef- 
fect. When latching data in the DAC, always use the input 
register as the latch. Second, reducing the V cc supply 
for the DAC from +15 volts to the +5V offers a factor of 
5 improvement in the magnitude of the feedthrough, but 
at the expense of internal logic switching speed. Finally, 
increasing C c (Figure 8) to a value consistent with the 
actual circuit bandwidth requirements can provide a 
substantial damping effect on any output spikes. 
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WR 

(OUTPUT OF 
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Figure 5. Accommodating a High Speed System 


2.0 Analog Considerations 

The fundamental purpose of any D to A converter is to 
provide an accurate analog output quantity which is 
representative of the applied digital word. In the case of 
the DAC0830, the output, I 0 uti, is a current directly pro- 
. portional to the product of the applied reference voltage 
and the digital input word. For application versatility, a 
second output, Iout2> is provided as a current directly 
proportional to the complement of the digital input. 
Basically: 

V REF Digital Input 

louT1= 15kQ X 256 1 

V R6F 255- Digital Input 
louT2= ISkS * 256 

where the digital input is the decimal (base 10) equivalent 
of the applied 8-bit binary word (0 to 255), V REF is the 
voltage at pin 8 and 15 kS2 is the nominal value of the 
internal resistance, R, of the R-2R ladder network (dis- 
cussed in Section 2.1). 

Several factors external to the DAC itself must be consi- 
dered to maintain analog accuracy and are covered in 
subsequent sections. 

2.1 The Current Switching R-2R Ladder 

The analog circuitry, Figure 6, consists of a silicon-chro- 
mium (SiCr or Si-chrome) thin film R-2R ladder which is 
deposited on the surface oxide of the monolithic chip. 
As a result, there are no parasitic diode problems with 
the ladder (as there may be with diffused resistors) so 
the reference voltage, V REF , can range -10V to + 10V 
even if V cc for the device is 5V DC . 

The digital input code to the DAC simply controls the 
position of the SPDT current switches and steers the 
available ladder current to either l 0UT1 or l 0UT2 as deter- 
mined by the logic input level (“1” or “0”) respectively, as 


shown in Figure 6. The MOS switches operate in the cur- 
rent mode with a small voltage drop across them and can 
therefore switch currents of either polarity. This is the 
basis for the 4-quadrant muliplying feature of this DAC. 

2.2 Basic Unipolar Output Voltage 

To maintain linearity of output current with changes in 
the applied digital code, it is important that the voltages 
at both of the current output pins be as near ground po- 
tential (0V DC ) as possible. With V REF = + 10V every 
millivolt appearing at either I 0 uti or I 0 ut2 will cause a 
0.01% linearity error, in most applications this output 
current is converted to a voltage by using an op amp sfs 
shown in Figure 7. 

The inverting input of the op amp is a “virtual ground” 
created by the feedback from its output through the in- 
ternal 15 kQ resistor, R fb . All of the output current (deter- 
mined by the digital input and the reference voltage) will 
flow through R fb to the output of the amplifier. Two- 
quadrant operation can be obtained by reversing the 
polarity of V REF thus causing l 0 un to flow into the DAC 
and be sourced from the output of the amplifier. The out- 
put voltage, in either case, is always equal to I 0 uti x Rfb 
and is the opposite polarity of the reference voltage. 

The reference can be either a stable DC voltage souce 
or an AC signal anywhere in the range from -10V to 
+10V. The DAC can be thought of as a digitally controlled 
attenuator: the output voltage is always less than or 
equal to the applied reference voltage. The V REF terminal 
of the device presents a nominal impedance of 15 kQ to 
ground to external circuitry. 

Always use the internal Rf b resistor to create an output 
voltage since this resistor matches (and tracks with tem- 
perature) the value of the resistors used to generate the 
output current (Iquti)- 
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Figure 6. 


DIGITAL 

INPUT 



2.3 Op Amp Considerations 

The op amp used in Figure 7 should have offset voltage 
nulling capability (See Section 2.5). 

The selected op amp should have as low a value of input 
bias current as possible. The product of the bias current 
times the feedback resistance creates an output voltage 
error which can be significant in low reference voltage 
applications. BI-FET™* op amps are highly recommended 
for use with these DACs because of their very low input 
current. 

Transient response and settling time of the op amp are 
important in fast data throughput applications. The larg- 
est stability problem is the feedback pole created by the 
feedback resistance* Rf b , and the output capacitance of 
the DAC. This appears from the op amp output to the (-) 
input and includes the stray capacitance at this node. 
Addition of a lead capacitance, C c in Figure 8, greatly 
reduces overshoot and ringing at the output for a step 
change in DAC output current. 

Finally, the output voltage swing of the amplifier must 
be greater than V REF to allow reaching the full scale out- 
put voltage. Depending on the loading on the output of 
the amplifier and the available op amp supply voltages 
(only ±12 volts in many development systems), a refer- 
ence voltage less than 10 volts may be necessary to ob- 
tain the full analog output voltage range. 

*BI-FET is a trademark of National Semiconductor Corporation. 

2.4 Bipolar Output Voltage with a Fixed Reference 

The addition of a second op amp to the previous circuitry 
can be used to generate a bipolar output voltage from a 
fixed reference voltage. This, in effect, gives sign signi- 
ficance to the MSB of the digital input word and allows 
two-quadrant multiplication of the reference voltage. 


The polarity of the reference can also be reversed to 
realize full 4-quadrant multiplication: ±V REF x ±Digital 
Code = +V 0 ut- This circuit is shown in Figure 9. 

This configuration features several improvements over 
existing circuits for bipolar outputs with other multiply- 
ing DAC’s. Only the offset voltage of amplifier 1 has to 
be nulled to preserve linearity of the DAC. The offset 
voltage error of the second op amp (although a constant 
output voltage error) has no effect on linearity. It should 
be nulled only if absolute output accuracy is required. 
Finally, the values of the resistors around the second 
amplifier do not have to match the internal DAC resistors, 
they need only to match and temperature track each 
other. A thin film 4-resistor network available from Beck- 
man Instruments, Inc. (part no. 694-3-R10K-D) is ideally 
suited for this application. These resistors are matched 
to 0.1% and exhibit only 5ppm/°C resistance tracking 
tempco. Two of the four available 10kQ resistors can be 
paralleled to form R in Figure 9 and the other two can be 
used independently as the resistances labeled 2R. 

2.5 Zero Adjustment 

For accurate conversions, the input offset voltage of the 
output amplifier must always be nulled. Amplifier offset 
errors create an overall degradation of DAC linearity. 

The fundamental purpose of zeroing is to make the volt- 
age appearing at the DAC outputs as near 0V DC as pos- 
sible. This is accomplished for the typical DAC — op 
amp connection (Figure 7) by shorting out R fb , the amp- 
lifier feedback resistor, and adjusting the V os nulling 
potentiometer of the op amp until the output reads zero 
volts. This is done, of course, with an applied digital 
code of all zeros if I 0 uti is driving the op amp (all one’s 
for Iout 2 )- The short around R fb is then removed and the 
converter is zero adjusted. 
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Cc 



OP AMP 

Cc 

ts 

(0 TO FULL SCALE) 

LF356 

22 pF 

4 F S 

LF351 

22 pF 

5 MS 

LF357* 

IQpF 

2 ms 


*2.4kQ RESISTOR ADDED FROM (-) INPUT 
TO GROUND TO INSURE STABILITY 



•THESE RESISTORS ARE AVAILABLE FROM 
BECKMAN INSTRUMENTS, INC. AS THEIR 
PART NO. 694-3-R10K-D 


INPUT CODE 

IDEAL Vqut | 

MSB . . . LSB 

+ VREF 

-Vref 

11111111 

Vref - 1 LSB 

— (VrefI + 1 LSB 

11000000 

Vref/2 

-|Vref|/2 

10000000 

0 

0 

01111111 

-USB 

+1 LSB 

00111111 

._JVrefI -USB 

JSeL+ilsb 


2 

2 

00000000 

— 1 VrefI 

+ IVrefI 


Figure 9. 


2.6 Full-Scale Adjustment 

In the case where the matching of R fb to the R value of 
the R-2R ladder (typically ±0.2%) is insufficient for full- 
scale accuracy in a particular application, the V REF volt- 
age can be adjusted or an external resistor and potenti- 
ometer can be added as shown in Figure 10 to provide a 
full-scale adjustment. 

The temperature coefficients of the resistors used for 
this adjustment are an important concern. To prevent 
degradation of the gain error tempco by the external 
resistors, their temperature coefficients 'ideally would 
have to match that of the internal DAC resistors, which 
is a highly impractical constraint. For the values shown 
in Figure 10, if the resistor and the potentiometer each 
had a temperature coefficient of ±100ppm/°C maximum, 
the overall gain error tempco would be degraded a maxi- 
mum of 0.0025%/ °C for an adjustment pot setting of 
less than 3% of R fb . 

2.7 Using the DAC0830 in a Voltage Switching 
Configuration 

The R-2R ladder can also be operated as a voltage 
switching network. In this mode the ladder is used in an 
inverted manner from the standard current switching 
configuration. The reference voltage is connected to one 


of the current output terminals (Iouti for true binary dig- 
ital control, Iout 2 is for complementary binary) and the 
output voltage is taken from the normal V RE f pin. The 
converter output is now a voltage in the range from 0V 
to 255/256 Vref as a function of the applied digital code 
as shown in Figure 11. 



Figure 10. Adding Full-Scale Adjustment 
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(Vref) 


°V< VouT<Hf V R EF 




| < > | < > | ll | (I J < > 


(*OUTl) H 


(«0UT2) 12 


O +2.5 Voc REFERENCE 


T 


Figure 11. Voltage Mode Switching 


This configuration offers several useful application ad- 
vantages. Since the output is a voltage, an external op 
amp is not necessarily required but the output imped- 
ance of the DAC is fairly high (equal to the specified ref- 
erence input resistance of 10 kQ to 20 kQ) so an op amp 
may be used for buffering purposes. Some of the advan- 
tages of this mode are illustrated in Figures 12, 13, 14 
and 15. 

There are two important things to keep in mind when 
using this DAC in the voltage switching mode. The ap- 
plied reference voltage must be positive since there are 
internal parasitic diodes from ground to the loun and 
1 out 2 terminals which would turn on if the applied refer- 
ence went negative. There is also a dependence of con- 
version linearity and gain error on the voltage difference 


between V C c and the voltage applied to the normal cur- 
rent output terminals. This is a result of the voltage drive 
requirements of the ladder switches. To insure that all 8 
switches turn on sufficiently (so as not to add significant 
resistance to any leg of the ladder and thereby introduce 
additional linearity and gain errors) it is recommended 
that the applied reference voltage be kept less than 
+5V DC and V cc be at least 9V more positive than V REF . 
These restrictions insure less than 0.1% linearity and 
gain error change. Figures 16, 17 and 18 characterize the 
effects of bringing V REF and V cc closer together as well 
as typical temperature performance of this voltage 
switching configuration. 




•Voltage switching mode eliminates output signal inversion 
and therefore a need for a negative power supply. 

•Zero code output voltage is limited by the low level output 
saturation voltage of the op amp. The 2kQ pull-down resistor 
helps to reduce this voltage. 

•Vqs of the op amp has no effect on DAC linearity. 


• V out = 2. 5V/_D_ \ 

YI28 / 

• Slewing and settling time for a full scale output change 
is ~ t.8^s 


Figure 13. Obtaining a Bipolar Output from a Fixed Reference 
Figure 12. Single Supply DAC with a Single Op Amp 
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4 6 8 10 12 14 16 

V CC , SUPPLY VOLTAGE (V DC ) 


SUPPLY VOLTAGE (V DC ) V REF , REFERENCE VOLTAGE (V DC ) 

Figure 16. Figure 17. 

NOTE: For these curves, Vref is the voltage applied to pin 
v- 11 Oouti) w 'th P' n 12 (Iqut 2) grounded. 


-55 -35 -15 5 25 45 65 85 105 125 
T a , AMBIENT TEMPERATURE (°C) 

Figure 18. 
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2.8 Miscellaneous Application Hints 

These converters are CMOS products and reasonable 
care should be exercised in handling them to prevent 
catastrophic failures due to static discharge. 

Conversion accuracy is only as good as the applied ref- 
erence voltage so providing a stable source over time 
and temperature changes is an important factor to con- 
sider. 

A “good” ground is most desirable. A single point ground 
distribution technique for analog signals and supply 
returns keeps other devices in a system from affecting 
the output of the DAC’s. 

During power-up supply voltage sequencing, the -15V 
(or -12V) supply of the op amp may appear first. This 
will typically cause the output of the op amp to bias 
near the negative supply potential. No harm is done to 
the DAC, however, as the on-chip 15 kQ feedback resist- 
tor sufficiently limits the current flow from Iquti when 
this lead is internally clamped to one diode drop below 
ground. 

Careful circuit construction with minimization of lead 
lengths around the analog circuitry, is a primary concern. 
Good high frequency supply decoupling will aid in pre- 
venting inadvertant noise from appearing on the analog 
output. 


Overall noise reduction and reference stability is of par- 
ticular concern when using the higher accuracy versions, 
the DAC0830 and DAC0831, or their advantages are 
wasted. 

3.0 General Application Ideas 

The connections for the control pins of the digital input 
registers are purposely omitted. Any of the control for- 
mats discussed in Section 1 of the accompanying text 
will work with any of the circuits shown. The method 
used depends on the overall system provisions and re- 
quirements. 


The digital input code is referred to as D and represents 
the decimal equivalent value of the 8-bit binary input, for 
example: 


Binary Input 

Pin 13 Pin 7 

MSB LSB 

D 

Decimal Equivalent 

11111111 

255 

10000000 

128 

00010000 

16 

0000001 0 

2 

oooooobo 

0 


DIGITAL 

INPUTS 




DAC Controlled Amplifier (Volume Control) 


Capacitance Multiplier 


* V OUT = 


— V|N (256) 
D 


• c EQU iv = c 1 + ^§r) 


• When D = 0, the amplifier will go open loop and the 
output will saturate. 

• Feedback impedance from the -input to the output 
varies from 15 kQ to <» as the input code changes from 
full-scale to zero. 


• Maximum voltage across the equivalent capacitance is 

V 0 MAX (OP amp) 
limited to 256 

1 + IT 

. • C2 is used to improve settling time of op amp. 
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INPUT 



Two Terminal Floating 4 to 20 mA Current Loop Controller 

• DAC0830 linearly controls the current flow from the Input 
terminal to the output terminal to be 4 mA (for D = 0) to 
19.94 mA (for D = 255). 

• Circuit operates with a terminal voltage differential of 
16V to 55V. 

• ?2 adjusts the magnitude of the output current and Pi 
adjusts the zero to full scale range of output current. 

• Digital Inputs can be supplied from a processor using 
opto isolators on each input or the DAC latches can flow- 
through (connect control lines to pins 3 and 10 of the 
DAC) and the input data can be set by SPST toggle 
switches to ground (pins 3 and 10). 
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Ordering Information 


Temperature Range 

0°C to +70°C 

—40 °C to +85°C 

-55°C to +125°C 

Linearity 

Error 

0.05% FSR 

DAC0830LCN 

DAC0830LCD 

DAC0830LD 

0.10% FSR 

DAC0831 LCN 

DAC0831LCD 

DAC0831LD 

0.20% FSR 

DAC0832LCN 

DAC0832LCD 

DAC0832LD 

Package Outline 

N20A 

D20A 

D20A 
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National 

Semiconductor 


A to D, D to A 


MICRO-DAC:™ 

DAC1 000/1/2 and DAC1006/7/8, yP Compatible, 
Double-Buffered D to A Converters 


General Description 

The DAC1000/1/2 and DAC1006/7/8 are advanced CMOS/ 
Si-Cr 10-, 9- and 8-bit accurate multiplying DACs which 
are designed to interface directly with the 8080, 8048, 
8085, Z-80 and other popular microprocessors. These 
DACs appear as a memory location or an I/O port to the 
and no interfacing logic is needed. 

These devices, combined with an external amplifier and 
voltage reference, can be used as standard D/A conver- 
ters; and they are very attractive for multiplying applica- 
tions (such as digitally controlled gain blocks) since 
their linearity error is essentially independant of the 
voltage reference. They become equally attractive in 
audio signal processing equipment as audio gain con- 
trols or as programmable attenuators which marry high 
quality audio signal processing to digitally based 
systems under microprocessor control. 

All of these DACs are double buffered. They can load all 
10 bits or two 8-bit bytes and the data format can be 
either right justified or left justified. The analog section 
of these DACs is essentially the same as that of the 
DAC1020. 

The DAC1000 series are the 10-bit members of a family 
of microprocessor-compatible DAC’s (MICRO-DAC’s™). 
For applications requiring other resolutions, the DAC0830 
series (8 bits) and the DAC1208 and DAC1230 (12 bits) 
are available alternatives. 


Part # 

Accuracy 

(bits) 

Pin 

Description 

DAC1000 

10 

24 

Has all 

logic 

features 

' DAC1001 

9 

DAC1002 

8 

D AC 1006 

10 

20 

For left- 
justified 
data 

DAC1007 

9 

DAC1008 

8 


MICRO-DACTM is a trademark of National Semiconductor Corp. 


Features 

■ Uses easy to adjust END POINT specs, NOT BEST 
STRAIGHT LINE FIT 

■ Low power consumption 

■ Direct interface to all popular microprocessors. 

■ Integrated thin film on CMOS structure 

■ Double-buffered, single-buffered or flow through 
digital data inputs. 

■ Loads two 8-bit bytes or a single 10-bit word. 

■ Logic inputs which meet T 2 L voltage level specs (1.4V 
logic threshold). 

■ Works with ±10V reference — full 4-quadrant multi- 
plication. 

■ Operates STAND ALONE (without ^P) if desired. 

■ Available in 0.3" standard 20-pin and 0.6" 24-pin pack- 
age. 

■ Differential non-linearity selection available as spec- 
ial order. 


Key Specifications 


■ Output Current Settling Time 500ns 

■ Resolution 

10 bits 

■ Linearity 

10,9, and 8 bits 


(guaranteed over temp.) 

■ GainTempco 

-0.0003% of FS/ °C 

■ Low Power Dissipation 

20 mW 

(including ladder) 


■ Single Power Supply 

5 to 15 V dc 


Typical Application 
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Absolute Maximum Ratings (Notes i and 2) 

Operating Ratings 




Supply Voltage (V C c) 

17V DC 

Temperature Range 





Voltage at any digital input Vcc to GND 

Part numbers with ‘LCN’ suffix 

0 

°C to 70°C 

Voltage at V REF input 

±25 V 

Part numbers with ‘LCD’ suffix 

-40 °C to +85 °C 

Storage temperature range -65°C to +150°C 

Part numbers with ‘LD’ Suffix 

-55°Cto+125°C 

Package dissipation at T A = 25°C (Note 3) 500 mW 

Voltage at any digital input 


Vcc to GND 

DC voltage applied to Iouti or Iqut2 -100 mV to Vcc 








(Note 4) 










Lead temperature (soldering, 10 seconds) 300°C 








General Electrical Characteristics 

T a = 25 

°C, V REF = 10.000 V DC unless otherwise noted 


Parameter 

Conditions 

See 

Note 

V C c = 12V dc ± 5% 
to 1 5 V dc ± 5% 

Vcc 

= 5V dc ±5% 

Units 



Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 


Resolution 

Linearity Error 

Endpoint adjust only 

4,7 



10 



10 

bits 


Tmin < T a < Tmax 

, 6 









-10V < V REF < +10V 

5 









DAC1000 and 1006 




0.05 



0.05 

% of FSR 


DAC1001 and 1007 




0.1 



0.1 

% of FSR 


DAC1002 and 1008 




0.2 



0.2 

% of FSR 

Differential 

Endpoint adjust only 

4,7 








Nonlinearity 

Tmin < T a < T M ax 

6 









-10V < V REF < + 10V 

5 









DAC1000 and 1006 




0.1 



0.1 

% of FSR 


DAC1001 and 1007 




0.2 



0.2 

% of FSR 


DAC1002 and 1008 




0.4 



0.4 

% of FSR 

Monotonicity 

Tmin < T a < Tmax 

4,6 









-10V < V REF < +10V 

5 









DAC1000 and 1006 


10 



10 



bits 


DAC1001 and 1007 


9 



.9 



bits 


DAC1002 and 1008 


8 



8 



bits 

Gain Error 

Using internal R fb 
—10V ^ V REF ^ + 10V 

5 

-1.0 

±0.3 

1.0 

-1.0 

±0.3 

1.0 

% of FS 

Gain Error Tempco 

Tmin < T a < T M ax 

6 









Using internal R fb 

9 


-0.0003 

-0.001 


-0.0006 

-0.002 

% of FS/°C 

Power Supply 

All digital inputs 









Rejection 

latched high 

V cc = 14.5V to 15.5V 



0.003 

0.008 




% FSR /V 


11.5V to 12.5V 



0.004 

0.010 




% FSR /V 


4.75V to 5.25V 






0.033 

0.10 

%FSR/V 

Reference Input 
Resistance 

Output Feedthrough 

V ref = 20V p . p , f = 100kHz 


10 

15 

20 

10 

15 

20 

kQ 

Error 

All data inputs 










latched low 



y 







D Package 



130 



130 


mVp.p 


N Package 



90 



90 


mVp.p 

Output Iouti 

All data inputs 



60 



60 


PF 

Capacitance Iqut2 

latched low 



250 

v 


250 


PF 

Iouti 

All data inputs 



250 



250 


PF 

•0UT2 

latched high 



60 



60 


PF 

Supply Current 










Drain 

Tmin < t a < T M ax 

6 


0.5 

2.0 


0.5 

2.0 

mA 

Output Leakage 

Tmin < T A < Tmax 

6 








Current Iouti 

All data inputs 

1 









latched low 

10 



200 



200 

nA 

CM 

_o 

All data inputs 


l 







» 

latched high 




200 



200 

nA 

Digital Input 

Tmin < T a < Tmax 

6 








Voltages 

Low level 










LD suffix 




0.8 



0.6 

Vdc 


LCD or LCN suffix 




0.8 



0.8 

Vdc 


High level (all parts) 


2.0 



2.0 

_ _ i 


v dc 
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General Electrical Characteristics T a = 25 °C, V REF = 10.000 V DC unless otherwise noted 


Parameter 


Digital Input 
Currents 


Current Settling ts 
Time 

Write and XFER t w 
Pulse Width 

Data Set Up Time t DS 


Data Hold Time 


Control Set Up 
Time 


Control Hold Time t c 


Conditions 


Tmin < T a < T^ A x 
Digital inputs < 0.8V 
Digital inputs > 2.0V 

V| L = 0V, V, H = 5V 

Vil = 0V, V| H = 5V, 

T a = 25°C 
Tmin < T A < T MAX 
V| L = 0V, V ih =5V, 

T a = 25°C 
Tmin < T A < T MAX 
V| L = 0V, V, H = 5V 
T a = 25 °C 
Tmin < t a < T MAX 
V )L = 0V, V|i_ = 5V, 

T a = 25 °C 
Tmin < T A < T MAX 
V| L = 0V, V| H = 5V, 

T a = 25°C 
t min ^ T a < T MAX 


08 s 

L. II 

=12V DC : 

I5V dc ± 

±5% 

5% 

V C c : 

= SVqc - 

t5% 

Units 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 



-40 

-150 


-40 

-150 

fAdC 


1.0 

+10 


1.0 

+10 

mA dc 


500 



500 


ns 

150 

60 


320 

200 


ns 

320 

100 


500 

250 


ns 

150 

80 


320 

170 


ns 

320 

120 


500 

250 


ns 

200 

100 


320 

220 


ns 

250 

120 


500 

320 


ns 

150 

60 


320 

180 


ns 

320 

100 


500 

260 


ns 

10 

0 


10 

0 


ns 

10 

0 


10 

0 


ns 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. These specifica- 
tions are not meant to imply that the devices should be operated at these “Absolute Maximum” limits. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: This 500 mW specification applies for all packages. The low intrinsic power dissipation of this part (and the fact that there is no 
way to significantly modify the power dissipation) removes concern for heat sinking. 

Note 4: For current switching applications, both Iquh and louT2™ust go to ground or the “Virtual Ground” of an operational amplifier. 
The linearity error is degraded by approximately Vos ■+■ Vref- For example, if Vref = 10V then a 1 mV offset, Vos. on Iouti or louT2 will 
introduce an additional 0.01% linearity error. 

Note 5: Guaranteed at Vrep = ±10Vdc and Vref = ± 1 Vdc- 
Note 6: T^n = 0°C and T^^ = 70°C for “LCN” suffix parts. 

Tmin = -40°C and Tm AX = 85°c for “LCD” suffix parts. 

Tmin = -55°C and Tm AX = 125°C for “LD” suffix parts. 

Note 7: The unit “FSR” stands for “Full Scale Range.” “Linearity Error” and “Power Supply Rejection” specs are based on this unit to 
eliminate dependence on a particular Vref value and to indicate the true performance of the part. The “Linearity Error” specification of 
the DAC1000 is“0.05% of FSR (MAX).” This guarantees that after performing a zero and full scale adjustment (See Sections 2.5 and 
2.6), the plot of the 1024 analog voltage outputs will each be within 0.05% x Vref of a straight line which passes through zero and full 
scale. 

Note 8: This specification implies that all parts are guaranteed to operate with a write pulse or transfer pulse width (tw) of 320ns. A 
typical part will operate with tw of only 100ns. The entire write pulse must occur within the valid data interval for the specified tw. tps. 
ton. and ts to apply. 

Note 9: Guaranteed by design but not tested. 

Note 10: A 200nA leakage current with Rfh = 20k and Vref = 10V corresponds to a zero error of (200 x 10~ 9 x 20 x 10 3 ) x 100 + 10 which 
is 0.04% of FS. 


Switching Waveforms 


CS. BYTE1/BYTEZ 50% - 

V|L 


DATA BITS V|H 50 a /o J£ “ 


-tDS H f 


lOUTi. I0UT2 


SETTLED TO 
±'k LSB 
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Typical Performance Characteristics 


Errors vs. Supply Voltage 



Errors vs. Temperature 



Write Width, t w 



AMBIENT TEMPERATURE (°C) 


Control Setup Time, tcs 




-55-35-15 5 25 45 65 85 105 125 
Ta, AMBIENT TEMPERATURE (°C) 


Data Hold Time, ton 



Ta, AMBIENT TEMPERATURE (°C) 


Digital Input Threshold 



0.0 5 10 15 


Digital Input Threshold 



-55-35-15 5 25 45 65 .85 105 125 


SUPPLY VOLTAGE VCC (V) 


TEMPERATURE (°C) 


Block and Connection Diagrams 


DAC1 000/1 001 /1 002 (24-Pin Parts) DAC1 000/1 001 II 002 

(24-Pin Parts) 



CS WR1 WR2 XFER BYTE 1/ LJ/ NC 

BYTE 2 RJ 
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Block and Connection Diagrams (cont’d) 

DAC1 006/1 007/1 008 (20-Pin Parts) 


DAC1 006/1 007/1 008 
(20-Pin Parts) 



• 


• 

MSB 

10 BIT 

• 

DAC 

REGISTER 

* 

10 BIT 

INPUT 



MULTIPLYING 

LATCH 

• 

• 

• 

• 

D/A CONVERTER 


• 


• 

LSB 


1st 

2nd 

XFER STROBE 


BYTE 

BYTE 



STROBE 

STROBE 






CONTROL LOGIC 


C5- 

WR- 
Byte 1 / Byte 2 — 
XFER- 
Dl 5 - 
016 - 

017- 

018 - 
(MSB) Dig— 

GND- 


1 

TT 

20 

2 


19 

3 


18 

4 


17 

5 

DAC1006 

DAC1007 

16 

6 

DAC1008 

15 

7 


14 

8 

• 

13 

9 


12 

10 


11 


I I I I USE DAC1006/1007/1008 

CS WR XFER BYTE 1/ FOR LEFT JUSTIFIED DATA 
BYTE 2 

DAC1 000/1 001/1 002 — Simple Hookup for a “Quick Look” 

O +15VQC 0+15VDC 

JC 7 3 5 6 4 24 16 2 2pF^ ° ^ F 

+ . 5 ^<^. t -" SB 11 r ~ ' ‘ ^i4 

* L — ~ — “ DAC1000 V* I 

IK > * DAC1001 24 PINS > I LF356 

> • DAC1002 13 j 


“ LSB 17 |15 |12 


* A TOTAL OF 10 
INPUT SWITCHES 
& IK RESISTORS 


O.IjiF v 0UT 0 TO \ 

jHH 4 


1. For Vref= -10.240 Vqc the output voltage steps are approximately 10 mV each. 

2. Operation is set up for flow through — no latching of digital input data. 

3. Single point ground is strongly recommended. 


DAC1 006/1 007/1 008 — Simple Hookup for a “Quick Look” 

+5V0C /'N 

o-— d O-fl 1 

SW1 > o , o+15Vnn 


1 2 3 4 20 




* A TOTAL OF 10 
INPUT SWITCHES 
& IK RESISTORS 


DAC1006 

DAC1007 20 PINS 

DAC1008 


] VDC< V0UT< + Vref 


1. For Vref= - 10.240 Vqc the output voltage steps are approximately 10 mV each. 

2. SW1 is a normally closed switch. While SW1 is closed, the DAC register is latched and new data can be loaded into the input latch 
via the 10 SW2 switches. When SW1 is momentarily opened the new data is transferred from the input latch to the DAC register and 
is latched when SW1 again closes. 
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1.0 Definition of Package Pinouts 

1.1 Control Signals (All control signals are level 

actuated.) 

CS: Chip Select — active low, It will enable WE 
(D AC 1003 -1008) or WRi (DAC 1000 -1002). 

WR or WR* Write — The active low WR (or WR-, — 
DAC1 000 -1002) is used to load the digital data bits (Dl) 
into the input iatch . Th e data in the input latch is 
latched when WR (or WR-,) is high. The 10-bit input latch 
is split into two latches; one ho lds 8 bits and the other 
holds 2 bits. The Byte1/Byte2 control pin is used to 
select both input latches when Byte1/Byte2 = 1 or to 
overwrite the 2-bit input latch when in the low state. 

WR* Extra Write (DAC1 000 -1002) - The active low 
WR 2 is used to load the da ta from the input latch to the 
DAC register while XFER is low. The data in the DAC 
register is latched when WR 2 is high. 

Byte1/Byte2: Byte Sequence Control — - When this 
control is high, all ten locations of the input latch are 
enabled. When low, only two locations of the input latch 
are enabled and these two locations are overwritten on 
the second byte write. On the DAC1006, 1007, and 1008, 
the Byte1/Byte2 must be low to transfer the 10-bit data 
in the input latch to the DAC register. 

XFER: Transfer Control Signal, active low — This signal, 
in combination with others, is used to transfer the 10-bit 
data which is available In the input latch to the DAC 
register — see timing diagrams. 

LJ/RJ: Left^ Justify/Right Justify (DAC 1000 -1002) — 
When LJ/RJ is high the part is set up for left justified 
(fractional) data format. (DAC1006-1008 have this done 
internally.) When LJ/RJ is low, the part is set up for right 
justified (integer) data. 

1.2 Other Pin Functions 

Dl, (i=0 to 9): Digital Inputs — Dio is the least 
significant bit (LSB) and Dig is the most significant bit 
(MSB). 

Iouti’ DAC Current Output 1 — Iouti is a maximum for a 
digital input code of all Is and is zero for a digital input 
code of all 0s. 

louT 2 * DAC Current Output 2 — Iout 2 is a constant 
minus Iouti. or 

. , 1023 V REF 

•outi + >out2 = ^4 — p~ 

where R = 15 kQ. 



a. End Point Test After Zero and FS Adj. 


Rfb: Feedback Resistor — This is provided on the 1C 
chip for use as the shunt feedback resistor when an 
external op amp is used to provide an output voltage for 
the DAC. This on-chip resistor should always be used 
(not an external resistor) because it matches the 
resistors used in the on-chip R-2R ladder and tracks 
these resistors over temperature. 

Vref* Reference Voltage Input — This is the connection 
for the external precision voltage source which drives 
the R-2R ladder. V RE f can range from -10 to +10 volts. 
This is also the analog voltage input for a 4-quadrant 
multiplying DAC application. 

V C c: Digital Supply Voltage — This is the power supply 
pin for the part. Vcc can be from +5 to +15V 0C . 
Operation is optimum for +15V. The input threshold 
voltages are nearly independent of Vcc- (See Typical 
Performance Characteristics and Description in 
Section 3.0, T 2 L compatible logic inputs.) 

GND: Ground — the ground pin for the part. 

1.3 Definition of Terms 

Resolution: Resolution is directly related to the number 
of switches or bits within the DAC. For example, the 
DAC1000 has 2 10 or 1024 steps and therefore has 10-bit 
resolution. 

Linearity Error. Linearity error is the maximum deviation 
from a straight line passing through the endpoints of 
the DAC transfer characteristic. It is measured after 
adjusting for zero and full-scale. Linearity error is a 
parameter intrinsic to the device and cannot be 
externally adjusted. 

National’s linearity test (a) and the “best straight line” 
test (b) used by other suppliers are illustrated below. 
The “best straight line” requires a special zero and FS 
adjustment for each part, which is almost impossible 
for the user to determine. The “end point test” uses a 
standard zero and FS adjustment procedure and is a 
much more stringent test for DAC linearity. 

Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the 
DAC full-scale output (which is the worst case). 
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Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the 
DAC full-scale output (which is the worst case). 

Settling Time: Settling time is the time required from a 
code transition until the DAC output reaches within 
±Vz LSB of the final output value. Full-scale settling 
time requires a zero to full-scale or full-scale to zero 
output change. 

Full-Scale Error: Full scale error is a measure of the out- 
put error between an ideal DAC and the actual device 
output. Ideally, for the DAC1000 series, full-scale is 
v ref -1 LSB. For V REF = -10V and unipolar operation, 
^full-scale = 10.0000V - 9.8mV = 9.9902V. Full-scale 
error is adjustable to zero. 

Monotonicity: If the output of a DAC increases for in- 
creasing digital input code, then the DAC is monotonic. 
A 10-bit DAC with 10-bit monotonicity will produce an 
increasing analog output when all 10 digital inputs are 
exercised. A 10-bit DAC with 9-bit monotonicity will be 
monotonic when only the most significant 9 bits are 
exercised. Similarly, 8-bit monotonicity is guaranteed 
when only the most significant 8 bits are exercised. 


2.0 Double Buffering 

These DACs are double-buffered, microprocessor com- 
patible versions of the DAC1020 10-bit multiplying DAC. 
The addition of the buffers for the digital input data not 
only allows for storage of this data, but also provides a 
way to assemble the 10-bit input data word from two 
write cycles when using an 8-bit data bus. Thus, the 
next data update for the DAC output can be made with 
the complete new set of 10-bit data. Further, the double 
buffering allows many DACs in a system to store 
current data and also the next data. The updating of the 
new data for each DAC is also not time critical. When all 
DACs are updated, a common strobe signal can then be 
used to cause all DACs to switch to their new analog 
output levels. 


3.0 T 2 L Compatible Logic Inputs 

To guarantee T 2 L voltage compatibility of the logic 
inputs, a novel bipolar (NPN) regulator circuit is used. 
This makes the input logic thresholds equal to the 
forward drop of two diodes (and also matches the 
temperature variation) as occurs naturally in T 2 L. The 
basic circuit is shown in Figure 1. A curve of digital 
input threshold as a function of power supply voltage is 
shown in the Typical Performance Characteristics 
section. 

4.0 Application Hints 

The DC stability of the V RE f source is the most impor- 
tant factor to maintain accuracy of the DAC over time 
and temperature changes. A good single point ground 
for the analog signals is next in importance. 

These MICRO-DAC™ converters are CMOS products 
and reasonable care should be exercised in handling 
them prior to final mounting on a PC board. The digital 
inputs are protected, but permanent damage may occur 
if the part is subjected to high electrostatic fields. Store 
unused parts in conductive foam or anti-static rails. 


4.1 Power Supply Sequencing & Decoupling 

Some 1C amplifiers draw excessive current from the 
Analog inputs to V- when the supplies are first turned 
on. To prevent damage to the DAC — an external 
Schottky diode connected from I 0 uti or I 0 ut2 to ground 
may be required to prevent destructive currents in Iouti 
or Iout 2- If an LM741 or LF356 is used — these diodes 
are not required. 

The standard power supply decoupling capacitors which 
are used for the op amp are adequate for the DAC. 


4.2 Op Amp Bias Current & Input Leads 

The op amp bias current (l R ) CAN CAUSE DC ERRORS. 
BI-FET™ op amps have very low bias current, and there- 



Figure 1. Basic Logic Threshold Loop 
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fore the error introduced is negligible. BI-FET™ op amps 
are strongly recommended for these DACs. 

The distance from the Iouti pin of the DAC to the invert- 
ing input of the op amp should be kept as short as pos- 
sible to prevent inadvertent noise pickup. 

5.0 Analog Applications 

The analog section of these DACs uses an R-2R ladder 
which can be operated both in the current switching 
mode and in the voltage switching mode. 

The major product changes (compared with the DAC1020) 
have been made in the digital functioning of the DAC. 
The analog functioning is reviewed here for complete- 
ness. For additional analog applications, such as multi- 
pliers, attenuators, digitally controlled amplifiers and 
low frequency sine wave oscillators, refer to the DAC1020 
data sheet. Some basic circuit ideas are presented in this 
section in addition to complete applications circuits. 

5.1 Operation in Current Switching Mode 

The analog circuitry, Figure 2, consists of a silicon- 
chromium (Si-Cr) thin film R-2R ladder which is 
deposited on the surface oxide of the monolithic chip. 
As a result, there is no parasitic diode connected to the 
Vref pin as would exist if diffused resistors were used. 
The reference voltage input (Vref) can therefore range 
from -10V to + 10V. 

The digital input code to the DAC simply controls the 
position of the SPDT current switches, SW0 to SW9. A 
logical 1 digital input causes the current switch to steer 


the available ladder current to the Iouti output pin. 
These MOS switches operate in the current mode with a 
small voltage drop across them and can therefore 
switch currents of either polarity. This is the basis for 
the 4-quadrant multiplying feature of this DAC. 

5.1.1 Providing a Unipolar Output Voltage with the 
DAC in the Current Switching Mode 

A voltage output is provided by making use of an 
external op amp as a current-to-voltage converter. The 
idea is to use the internal feedback resistor, Rfb, from 
the output of the op amp to the inverting (-) input. Now, 
when current is entered at this inverting input, the 
feedback action of the op amp keeps that input at 
ground potential. This causes the applied input current 
to be diverted to the feedback resistor. The output 
voltage of the op amp is forced to a voltage given by: 

Vout = “(Iouti x Rfb) 

Notice that the sign of the output voltage depends on 
the direction of current flow through the feedback 
resistor. 

In current switching mode applications, both current 
output pins (Iouti and I0UT2) should be operated at 
OVdc- This is accomplished as shown in Figure 3. The 
capacitor, Cc, is used to compensate for the output 
capacitance of the DAC and the input capacitance of 
the op amp. The required feedback resistor, Rfb, is 
available on the chip (one end is internally tied to Iouti) 
and must be used since an external resistor will not 
provide the needed matching and temperature tracking. 
This circuit can therefore be simplified as shown in 


DIGITAL INPUT CODE 


(MSB) 


Dig 


DI8 


DI7 4 


DM 


DIq 


(LSB) 



Figure 2. Current Mode Switching 


+VREF 



Figure 3. Converting Iqut to Vqut 
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Figure 4, where the sign of the reference voltage has 
been changed to provide a positive output voltage. Note 
that the output current, Iouti, now flows through the 
Rfb Pin. 


5.1.2 Providing a Bipolar Output Voltage with the 
DAC in the Current Switching Mode 

The addition of a second op amp to the circuit of Figure 
4 can be used to generate a bipolar output voltage from 
a fixed reference voltage (Figure 5). This, in effect, gives 
sign significance to the MSB of the digital input word to 
allow two quadrant multiplication of the reference 
voltage, the polarity of the reference can also be 
reversed to realize the full four-quadrant multiplication. 

The applied digital word is offset binary which includes 
a code to output zero volts without the need of a large 
valued resistor common to existing bipolar multiplying 
DAC circuits. Offset binary code can be derived from 2’s 
complement data (most common for signed processor 
arithmetic) by inverting the state of the MSB in either 
software or hardware. After doing this the output then 
responds in accordance to the following expression: 

V 0 = V REF X 5J2 


where Vref can be positive or negative and D is the signed 
decimal equivalent of the 2’s complement processor data. 
(-512 < D< +511 or 1000000000 < D< 0111111111). If 
the applied digital input is interpreted as the decimal 
equivalent of a true binary word, Vout can be found by: 

Vo = Vref ( D ~ 5 2 12 ) 0< D< 1023 

With this configuration, only the offset voltage of ampli- 
fier 1 need be nulled to preserve linearity of the DAC. The 
offset voltage error of the second op amp has no effect 
on linearity. It presents a constant output voltage error 
and should be nulled only if absolute accuracy is needed. 
Another advantage of this configuration is that the values 
of the external resistors required do not have to match 
the value of the internal DAC resistors; they need only to 
match and temperature track each other. 

A thin film 4 resistor network available from Beckman 
Instruments, Inc. (part no. 694-3-R10K-D) is ideally 
suited for this application. Two of the four available 10 kQ 
resistor can be paralleled to form R in Figure 5 and the 
other two can be used separately as the resistors la- 
beled 2R. 

Operation is summarized in the table below: 


2’s Comp. 
(Decimal) 

2’s Comp. 
(Binary) 

Applied 

Digital Input 

Applied 

True Binary 
(Decimal) 

Vout 

+Vref -Vref 

+511 

0111111111 

1111111111 

1023 

Vref - 1 LSB 

-IVrefI + 1 LSB 

+256 

0100000000 

1100000000 

768 

Vref/2 

-IVrefI/2 

0 

0000000000 

1000000000 

512 

0 

0 

-1 

1111111111 

0111111111 

511 

-1 LSB 

+ 1 LSB 

-256 

1100000000 

0100000000' 

256 

-Vref/2 

+|VrefI'2 

-512 

1000000000 

0000000000 

0 

-Vref 

+ IVrefI 


with: 1 LSB=^|^ 



vcc 



>vout 


Figure 5. Providing a Bipolar Output Voltage with the DAC in the Current Switching Mode 
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5.2 Analog Operation in the Voltage Switching 
Mode 


Some useful application circuits result if the R-2R ladder 
is operated in the voltage switching mode. There are two 
very important things to remember when using the DAC 
in the voltage mode. The reference voltage ( + V) must 
always be positive since there are parasitic diodes to 
ground on the Iouti .P*n which would turn on if the 
reference voltage went negative. To maintain a degrada- 
tion of linearity less than ±0.005%, keep + V < 3Vqc 
and Vcc at least 10V more positive than +V. Figures 6 
and 7 show these errors for the voltage switching mode. 
This operation appears unusual, since a reference 
voltage ( + V) is applied to the I 0 uti pin and the voltage 
output is the V REF pin. This basic idea is shown in 
Figure 8. 

This Vqut range can be scaled by use of a non-inverting 
gain stage as shown in Figure 9. 


Notice that this is unipolar operation since all voltages 
are positive. A bipolar output voltage can be obtained 
by using a single op amp as shown in Figure 10. For a 
digital input code of all zeros, the output voltage from 
the Vref pin is zero volts. The external op amp now has 
a single input of -t-V and is operating with a gain of -1 
to this input. The output of the op amp therefore will be 
at -V for a digital input of all zeros. As the digital code 
increases, the output voltage at the Vref pin increases. 

Notice that the gain of the op amp to voltages which are 
applied to the { + ) input is +2 and the gain to voltages 
which are applied to the input resistor, R, is -1. The 
output voltage of the op amp depends on both of these 
inputs and is given by: 

Vqut = ( r +V)( - 1) + Vref (+2) 



. i i i i i i i i i i 

01 2345678 


REFERENCE VOLTAGE. +V (Vqc) 



SUPPLY VOLTAGE, Vcc (VDC) 


Figure 6. 


Figure 7. 


DIGITAL INPUT CODE 


(MSB) D, 9 D, 8 D| 0 (LSB) 




Figure 9. Amplifying the Voltage Mode Output (Single Supply Operation) 
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Figure 10. Providing a Bipolar Output Voltage with a Single Op Amp 


+v 



Figure 11. Increasing the Output Voltage Swing 


The output voltage swing can be expanded by adding 2 
resistors to Figure 10 as shown in Figure 1 1 . These added 
resistors are used to attenuate the +V voltage. The 
overall gain, Av(-), from the + V terminal to the output of 
the op amp determines the most negative output voltage, 
-4(+V) (when the Vref voltage at the + input of the op 
amp is zero) with the component values shown. The com- 
plete dynamic range of Vout is provided by the gain 
from the ( + ) input of the op amp. As the voltage at the 
Vref pin ranges from OVto +V (1023/1024) the output of 
the op amp will range from -lOVocto + 10V (1023/1024) 
when using a +V voltage of + 2.500V D c- The 2.5V D c 
reference voltage can be easily developed by using the 
LM336 zener which can be biased through the Rfb 
internal resistor, connected to V C c- 

5.3 Op Amp Vos Adjust (Zero Adjust) for Current 
Switching Mode 

Proper operation of the ladder requires that all of the 2R 
legs always go to exactly 0V DC (ground). Therefore 
offset voltage, Vos, of the external op amp cannot be 
tolerated as every millivolt of V 0 s will introduce 0.01% 
of added linearity error. At first this seems unusually 
sensitive, until it becomes clear the 1 mV is 0.01 % of the 
10V reference! High resolution converters of high 
accuracy require attention to every detail in an 
application to achieve the available performance which 
is inherent in the part. To prevent this source of error, 
the Vos of the op amp has to be initially zeroed. This is 
the “zero adjust” of the DAC calibration sequence and 
should be done first. 


If the Vos is to be adjusted there are a few points to 
consider. Note that no “dc balancing” resistance 
should be used in the grounded positive input lead of 
tire op amp. This resistance and the input current of the 
op amp can also create errors. The low input biasing 
current of the BI-FET™ op amps makes them ideal for 
use in DAC current to voltage applications. The Vqs of 
the op amp should be adjusted with a digital input of all 
zeros to force louT = 0mA. A 1 KQ resistor can be 
temporarily connected from the inverting input to 
ground to provide a dc gain of approximately 15 to the 
Vqs of the op amp and make the zeroing easier to sense. 


5.4 Full-Scale Adjust 

The full-scale adjust procedure depends on the applica- 
tion circuit and whether the DAC is operated in the cur- 
rent switching mode or in the voltage switching mode. 
Techniques are given below for all of the possible appli- 
cation circuits. 

5.4.1 Current Switching with Unipolar Output Voltage 

After doing a “zero adjust,” set all of the digital input 
levels HIGH and adjust the magnitude of Vref for 

Vout = -(ideal V RE f) -j^H 

This completes the DAC calibration. 
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5.4.2 Current Switching with Bipolar Output Voltage 

The circuit of Figure 12 shows the 3 adjustments needed. 
The first step is to set all of the digital inputs LOW (to 
force Iquti to 0) and then trim “zero adj.” for zero volts 
at the inverting input (pin 2) of 0A1. Next, with a code of 
all zeros still applied, adjust “-FS adj.”, the reference 
voltage, for V 0 ut = ±l(ideal Vref)I- The sign of the output 
voltage will be opposite that of the applied reference. 


Finally, set all of the digital inputs HIGH and adjust “+FS 
adj.” for VOUT = V REF (511/512). The sign of the output at 
this time will be the same as that of the reference voltage. 
The addition of the 200Q resistor in series with the V REF 
pin of the DAC is to force the circuit gain error from the 
DAC to be negative. This insures that adding resistance 
to Rf b , with the 500Q pot, will always compensate the 
gain error of the DAC. 


5.4.3 Voltage Switching with a Unipolar Output 
Voltage 

Refer to the circuit of Figure 13 and set all digital inputs 
LOW. Trim the “zero adj.” for Vout = 0 Vqc ± 1 mV. Then 
set all digital inputs HIGH and trim the “FS Adj.” for: 

w , l R A 1023 

Vout = <+V) (l 

5.4.4 Voltage Switching with a Bipolar Output Voltage 

Refer to Figure 14 and set all digital inputs LOW. Trim 
the “- FS Adj.” for V 0 ut= -2.5 V D c- Then set all digital 
inputs HIGH and trim the “+ FS Adj.” for V 0 ut= +2.5 
(51 1/512) Vqc- Test the zero by setting the MS digital 
input HIGH and all the rest LOW. Adjust Vos of amp #3, 
if necessary, and recheck the full-scale values. 


(+FS ADJ) 
500 



Figure 12. Full Scale Adjust — Current Switching with Bipolar Output Voltage 



Vcc 



ovdc < vout < 2.5Vdc (i +j}J)({{Sfi) 


Figure 13. Full Scale Adjust — Unipolar Output Voltage 
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VOUT 


-2.5 V < V0UT< 2.5(|||) V 


Figure 14. Voltage Switching with a Bipolar Output Voltage 


6.0 Digital Control Description 

The DAC1000 series of products can be used in a wide 
variety of operating modes. Most of the options are 
shown in Table I. Also shown in this table are the 
section numbers of this data sheet where each of the 
operating modes is discussed. For example, if your 
main interest is interfacing to a with an 8-bit data bus 
you will be directed to Section 6.1.0. 

The first consideration is “will the DAC be interfaced to 
a pP with an 8-bit or a 16-bit data bus or used in the 
stand-alone mode?” For the 8-bit data bus, a second 
selection is made on how the 2nd digital data buffer (the 
DAC Latch) is updated by a transfer from the 1st digital 
data buffer (the Input Latch). Three options are 
provided: 1) an automatic transfer when the 2nd data 
byte is written to the DAC, 2) a transfer which is under 
the control of the fu? and can include more than one 
DAC in a simultaneous transfer, or 3) a transfer which is 
under the control of external logic. Further, the data 
format can be either left justified or right justified. 

When interfacing to a iuP with a 16-bit data bus only two 
selections are available: 1) operating the DAC with a 
single digital data buffer (the transfer of one DAC does 
not have to be synchronized with any other DACs in the 
system), or 2) operating with a double digital data buffer 


for simultaneous transfer, or updating, of more than one 
DAC. 

For operating without a ^P in the stand alone mode, 
three options are provided: 1) using only a single digital 
data buffer, 2) using both digital data buffers — “double 
buffered,” or 3) allowing the input digital data to “flow 
through” to provide the analog output without the use 
of any data latches. 

To reduce the required reading, only the applicable 
sections of 6.1 through 6.4 need be considered. 

6.1 Interfacing to an 8-Bit Data Bus 

Transferring 10 bits of data over an 8-bit bus requires 
two write cycles and provides four possible combina- 
tions which depend upon two basic data format and 
protocol decisions: 

1. Is the data to be left justified (considered as frac- 
tional binary data with the binary point to the left) or 
right justified (considered as binary weighted data 
with the binary point to the right)? 

2. Which byte will be transferred first, the most signifi- 
cant byte (MS byte) or the least significant byte (LS 
byte)? 


Table 1. 


Operating Mode 

Data Bus 

Automatic Transfer 

piP Control Transfer 

External Transfer 

Section 

Figure No. 
(24-Pin) (20-Pin) 

Section 

Figure No. 
(24-Pin) (20-Pin) 

Section 

Figure No. 

(24-Pin) (20-Pin) 

8-Bit Data Bus (6.1.0) 

Right Justified (6.1.1) 

Left Justified (6.1.2) 

6.2.1 

6.2.1 

16 

17 18 

6.2.2 

6.2.2 

16 

17 18 

6.2.3 

6.2.3 

16 

17 18 

16-Bit Data Bus (6.3.0) 

Single Buffered 

Double Buffered 

Flow Through 

6.3.1 

19 20 

6.3.2 

19 20 

Not Applicable 

Stand Alone (6.4.0) 

Single Buffered 

Double Buffered 

Flow Through 

6.4.1 

19 20 

6.4.2 

19 20 

6.4.3 

19 NA 
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These data possibilities are shown in Figure 15. Note 
that the justification of data depends on how the 10-bit 
data word is located within the 16-bit data source (CPU) 
register. In either case, there is a surplus of 6 bits and 
these are shown as “don’t care’’ terms (“X”) in this 
figure. 

All of these DACs load 10 bits on the 1st write cycle. A 
particular set of 2 bits is then overwritten on the 2nd 
write cycle, depending on the justification of the data. 
This requires the 1st write cycle to contain the LS or L0 
Byte data group for all right justified data options. For 
all left justified data options, the 1st write cycle must 
contain the MS or Hi Byte data group. 

6.1.1 Providing for Optional Data Format 

The DAC1000/1/2 (24-pin parts) can be used for either 
data formatting by tying the LJ/RJ pin either high or 
low, respectively. A simplified logic diagram which 
shows the external connections to the data bus and the 
internal functions of both of the data buffer registers 
(Input Latch and DAC Register) is shown in Figure 16 for 
the right justified data operation. Figure 17 is for left 
justified data. 


6.1.2 For Left Justified Data 

For applications which require left justified data, 
DAC1006- 1008 (20-pin parts) can be used. A simplified 
logic diagram which shows the external connections to 
the data bus and the internal functions of both of the 
data buffer registers (Input Latch and DAC Register) is 
shown in Figure 18. These parts require the MS or Hi 
Byte data group to be transferred on the 1st write cycle. 

6.2 Controlling Data Transfer for an 8-Bit Data 
Bus 

Three operating modes are possible for controlling the 
transfer of data from the Input Latch to the DAC 
Register, where it will update the analog output voltage. 
The simplest is the automatic transfer mode, which 
causes the data transfer to occur at the time of the 2nd 
write cycle. This is recommended when the exact timing 
of the changes of the DAC analog output are not 
critical. This typically happens where each DAC is 
operating individually in a system and the analog 
updating of one DAC is not required to be synchronized 
to any other DAC. For synchronized DAC updating, two 
options are provided: jjP control via a common XFER 
strobe or external update timing control via an external 
strobe. The details of these options are now shown. 
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Figure; 15. Fitting a 10-Bit Data Word into 16 Available Bit Locations 


DAC1 000/1001/1002 (24-Pin Parts) 





Dl<t> (LSB) 


Byte 1/Sytel O — F - 


15551 idfO 

u/in . 


■rf 


8-BIT 

INPUT 

LATCH 




L ATCH 

ENABLE 


(INTERNAL L0 
U/1O = 0- RIGHT JUSTIFIED) 


L LOGIC IS SHOWN FOR, 


10-BIT 

DAC 


, T0 

\— CURRENT 
SWITCHES 


ISTCff ENABLE = 1,0 


AT 0 IS LATCHED. 


Figure 16. Input Connections and Controls for DAC1000-1002 Right Justified Data Option 
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DAC1 000/1 001 /1 002 (24-Pin Parts) 



Figure 17. Input Connections and Controls for DAC1 000 -1002 Left Justified Data Option 


DAC1006/1 007/1 008 (20-Pin Parts for Left Justified Data) 


I 



l 


Figure 18. Input Connections and Controls for DAC1 006/1 007/1 008 Left Justified Data 
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6.2.1 Automatic Transfer 

This makes use of a double byte (double precision) write. The first byte (8 bits) is strobed into the input latch and the 
second byte causes a simultaneous strobe of the two remaining bits into the input latch and also the transfer of the 
complete 10-bit word from the input latch to the DAC register. This is shown in the following timing diagrams; the point 
in time where the analog output is updated is also indicated on these diagrams. 

. DAC1 000/1 001/1 002 (24-Pin Parts) DAC1006/1 007/1008 (20-Pin Parts) 


-A A I 


LOAD Byte 1 


*WR1 &WR2 


MLf- 


Byte 1/ByteT & 
XFER* 


y. LOAD Byte 2 

LATCH \ / /_ LATCH DAC 

Byte 1 Y / REGISTER 


ANALOG 

\ 


a a r 

LOAD Byte 1 

* M & XFER ” \ y | ^ _LAT( 


Byte 1/Byte 2 


•SIGNIFIES CONTROL INPUTS WHICH ARE DRIVEN IN PARALLEL 



6.2.2 Transfer Using /iP Write Strobe 

The input latch is loaded with the first two write strobes. The XFER signal is provided by external logic, as shown below, 
to cause the transfer to be accomplished on a third write strobe. This is shown in the following diagrams: 


DAC1 000/1 001/1 002 (24-Pin Parts) 


DAC1 006/1 007/1 008 (20-Pin Parts) 




ANALOG 

OUTPUT LATCH DAC 
UPDATED REGISTER 


A A ti 


XFER (CS2) 


^uoyiBT luau Byie c , , 

X — J v — ' LATCH Byte 2 ' ' 

ijL XFER 

* Mr 


LOAD Byte 1 .... luhu uyie t I i ' 

• Vi—/ LATCH Byte 2 ' 

,2. XFER 

Mr 


ANALOG 

OUTPUT LATCH DAC 
UPDATED REGISTER 


LATCH Byte 2 1 

XFER 


Byte 1/Byte 2 


\ 


/»" 

/ 


Byte 1/Byte 2 


A 


-d- 


WHERE THE XFER CONTROL CAN BE GENERATED BY USING A SECOND CHIP SELECT AS: 


©— 
WR O- 


o 




AND THE BYTE CONTROL CAN BE DERIVED FROM THE ADDRESS BUS SIGNALS. 


6.2.3 Transfer Using an External Strobe 

This is similar to the previous operation except the XFER signal is not provided by the ^P- The timing diagram for this is: 


DAC1000/1001/1002 (24-Pin Parts) 


DAC1 006/1 007/1 008 (20-Pin Parts) 


*~v n r 

LOAD Byte 1 .. LOAD Byte 2 „ 

r-U 


a A r 


Byte 1/Byte 2 


LATCH Byte 1 MT 


LOAD Byte 1 


LATCH Byte 2 


WR 


VjC 

LATCH Byte 1 


LATCH Byte 2 




CC 

ANALOG 

OUTPUT 

UPDATED 


“&“"v xfer r~ 

a \ ia 

iVcn ^ LATCH 


WR2 OR XFER 
XFER OR WRl = 0 


ANALOG 

OUTPUT 

UPDATED 


vj: 


t LATCH DAC 
X( .‘ ER REGISTER 


Byte 1/ 
Byte 2 


\ 
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6.3 Interfacing to a 16-Bit Data Bus 

The interface to a 16-bit data bus is easily handled by connecting to 10 of the available bus lines. This allows a wiring 
selected right justified or left justified data format. This is shown in the connection diagrams of Figures 19 and 20, where 
the use of DB6 to DB15 gives left justified data operation. Note that any part number can be used and the Byte1/Byte2 
control should be wired Hi. 



Figure 19. Input Connections and Logic for DAC1000-1002 with 16-Bit Data Bus 


LEFT | DAC1 006/1007/1008 (20-PIN PARTS) 

JUSTIFIED | 



8 


Figure 20. Input Connections and Logic for DAC1006/1007/1008 with 16-Bit Data Bus 


DAC1000/1/2 and DAC1006/7/8 





DAC1 000/1/ 


Three operating modes are possible: flow through, single buffered, or double buffered. The timing diagrams for these are 
shown below: 

6.3.1 Single Buffered 

DAC1000/1001/1002 (24-Pin Parts) DAC 1006/ 1007/ 1008 (20-Pin Parts) 


Byte 1/5ytT5=1 


6.3.2 Double Buffered 


V_A LATCHES DATA IN 

\ DAC REGISTER 

LOAD INPUT LATCH & 

XFER TO DAC REGISTER 


( - . / V INPUT DATA IS 

^ N LATCHED 

LOAD INPUT LATCH 


DAC1 000/1 001/1 002 (24-Pin Parts) 


DAC1 006/1 007/1 008 (20-Pin Parts) 


INPUT DATA IS LATCHED 


INPUT DATA IS LATCHED 


- DAC REGISTER 
IS LATCHED 


DAC REGISTER 
IS LATCHED 


6.4 Stand Alone Operation 

For applications for a DAC which are not under piP control (stand alone) there are two basic operating modes, single 
buffered and double buffered. The timing diagrams for these are shown below: 

6.4.1 Single Buffered 


DAC1000/1 001/1 002 (24-Pin Parts) 


DAC 1006/1 007/1 008 (20-Pin Parts)* 


6.4.2 Double Buffered 


LATCHES DATA IN DAC REGISTER 
(INPUT DATA MUST REMAIN VALID 
UNTIL THIS TIME) 


DAC1000/1 001/1002 (24-Pin Parts) 


DAC 1006/1 007/1 008 (20-Pin Parts)* 


WW2 

c5=xfeR=o 

Byte 1/IyteT=1 


' \ LATCH DAC 
REGISTER 


*For a connection diagram of this operating mode use Figure 18 for the Logic and Figure 20 for the Data Input connections. 
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6.4.3 Flow Through 

This operating mode causes the 10-bit input word to directly create the DAC output without any latching involved. 


DAC1 000/1 001/1 002 (24-Pin Parts) 


WR1 = WR2 = CS = XFER = 0 
Byte 1/Byte 2 = 1 


7.0 Microprocessor Interface 

The logic functions of the DAC1000 family have been 
oriented towards an ease of interface with all popular 
pPs. The following sections discuss in detail a few 
useful interface schemes. 

7.1 DAC1 000/1/2 to INS8080A Interface 

Figure 21 illustrates the simplicity of interfacing the 
DAC1000 to an INS8080A based microprocessor system. 


The circuit will perform an automatic transfer of the 10 
bits of output data from the CPU to the DAC register as 
outlined in Section 6.2.1, “Controlling Data Transfer for 
an 8-Bit Data Bus.” 

Since a double byte write is necessary to control the 
DAC with the INS8080A, a possible instruction to 
achieve this is a PUSH of a register pair onto a “stack” 
in memory. The 16-bit register pair word will contain the 
10 bits of the eventual DAC input data in the proper 



NOTE: DOUBLE BYTE STORES CAN BE USED, 
e.g. THE INSTRUCTION SHLD F<txt>1 STORES THE L 
REG INTO B1 AND THE H REG INTO B2 AND 
TRANSFERS THE RESULT TO THE DAC REGISTER. 
THE OPERAND OF THE SHLD INSTRUCTION MUST 
BE AN ODD ADDRESS FOR PROPER TRANSFER. 


Figure 21. Interfacing the DAC1000 to the INS8080A CPU Group 
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sequence to conform to both the requirements of the 
DAC (with regard to right or left justified data) and the 
implementation of the PUSH instruction which will 
output the higher order byte of the register pair (i.e., 
register B of the BC pair) first. The DAC will actually 
appear as a two-byte “stack” in memory to the CPU. The 
auto*decrementing of the stack pointer during a PUSH 
allows using addr ess b it 0 of the stack pointer as the 
Byte1/Byte2 and XFER strobes if bit 0 of the stack 
pointer address-1, (SP - 1), is a “1” as presented to the 
DAC. Additional address decoding by the DM8131 will 
generate a unique DAC chip select (CS) and synchronize 
this CS to the two memory write strobes of the PUSH 
instruction. 

To reset the stack pointer so new data may be output to 
the same DAC, a POP instruction followed by instruc- 
tions to insure that proper data is in the DAC data 
register pair before it is “PUSHED” to the DAC should 
be executed, as the POP instruction will arbitrarily alter 
the contents of a register pair. 

Another double byte write instruction is Store H and L 
Direct (SHLD), where the HL register pair would tempo- 
rarily contain the DAC data and the two sequential 
addresses for the DAC are specified by the instruction 
op code. The auto incrementing of the DAC address by 
the SHLD instruction permits the same simple scheme 
of using address bit 0 to generate the byte number and 
transfer strobes. 

7.2 DAC1000 to MC6820/1 PI A Interface 

In Figure 22 the DAC1000 is interfaced to an M6800 
system through an MC6820/1 Peripheral Interface 
Adapter (PIA). In this case the CS pin of the DAC is 
grounded since the PIA is already mapped in the 6800 
system memory space and no decoding is necessary. 
Furthermore, by using both Ports A and B of the PIA the 
10-bit data transfer, assumed right justified again in two 
8-bit bytes, is greatly simplified. The HIGH byte is 


loaded into Output Register A (ORA) of the PIA, and the 
LOW byte is loaded into ORB. The 10-bit data transfer to 
the DAC and the corresponding analog output change 
occur simultaneously upon CB2 going LOW under 
program control. The 10-bit data word in the DAC 
register will be latched (and hence V 0 ut will be fixed) 
when CB2 is brought back HIGH. 

If both output ports of the PIA are not available, it is 
possible to interface the DAC1000 through a single port 
without much effort. However, additional logic at the 
CB2 (or CA2) lines or access to some of the 6800 system 
control lines will be required. 

7.3 Noise Considerations 

A typical digital/microprocessor bus environment is a 
tremendous potential source of high frequency noise 
which can be coupled to sensitive analog circuitry. The 
fast edges of the data and address bus signals generate 
frequency components of 10’s of megahertz and can 
cause noise spikes to appear at the DAC output. These 
noise spikes occur when the data bus changes state or 
when data is transferred between the latches of the 
device. 

In low frequency or DC applications, low pass filtering 
can reduce these noise spikes. This is accomplished by 
over-compensating the DAC output amplifier by in- 
creasing the value of the feedback capacitor (C c in 
Figure 3). 

In applications requiring a fast transient response from 
the DAC and op amp, filtering may not be feasible. Add- 
ing a latch, DM74LS374, as shown in Figure 23 isolates 
the device from the data bus, thus eliminating noise 
spikes that occur every time the data bus changes state. 
Another method for eliminating noise spikes is to add a 
sample and hold after the DAC op amp. This also has 
the advantage of eliminating noise spikes when chang- 
ing digital codes. 



Figure 22. DAC1000 to MC6820/1 PIA Interface 
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Figure 23. Isolating Data Bus from DAC Circuitry to Eliminate Digital Noise Coupling 


MSB LSB 



Figure 24. Digitally Controlled Amplifier/Attenuator 


7.4 Digitally Controlled Amplifier/Attenuator 

An unusual application of the DAC, Figure 24, applies 
the input voltage via the on-chip feedback resistor. The 
lower op amp automatically adjusts the V REF !N voltage 
such that Iquti is equal to the input current (V )N /Rf B ). 
The magnitude of this V REF | N voltage depends on the 
digital word which is in the DAC register. I 0 ut2 then 
depends upon both the magnitude of V 1N and the digital 
word. The second op amp converts I 0 ut2 to a voltage, 
Vout, which is given by: 

Vout = Vi N ( -°-^~ ^ ), where 0< N < 1023. 


Note that N=0 (or a digital code of all zeros) is not 
allowed or this will cause the output amplifier to 
saturate at either ± V M ax» depending on the sign of Vin. 

To provide a digitally controlled divider, the output op 
amp can be eliminated. Ground the Iout 2 pin of the DAC 
and V 0 ut is now taken from the lower op amp (which 
also drives the V REF input of the DAC). The expression 
for V 0 ut is now given by 

Vim 

v out= where M = Digital input (expressed as a 
fractional binary number). 

0< M<1. 
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Figure 25. Digital to Synchro Converter 


Ordering Information 

1. All Logic Features — 24-pin package. 

Temperature Range 

Accuracy -40°Cto+85°C -55°C to +125°C 0°to + 70°C 

0.05% (10-bit) DAC1000LCD DAC1000LD DAC 1000LCN 

0.10% (9-bit) DAC1001LCD DAC1001LD DAC1001LCN 

0.20% (8-bit) DAC1002LCD DAC1002LD DAC1002LCN 

Package Outline D24C D24C Jvi24 

2. For Left Justified Data — 20-pin package. (See package outline D20C.) 

Temperature Range 

Accuracy -40°C to + 85°C -55°C to +125°C 0°to +70°C 

0.05% (10-bit) DAC1006LCD DAC1006LD DAC1006LCN 

0.10% (9-bit) DAC1007LCD DAC1007LD DAC1007LCN 

0.20% (8-bit) DAC1008LCD DAC1008LD DAC1008LCN 

Package Outline D20C D20C N20 
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National 

a tm Semiconductor 
DAC1020, DAC1021, DAC1022 10-Bit 
Binary Multiplying D/A Converter 
DAC1220, D AC 1221, DAC1222 12-Bit 
Binary Multiplying D/A Converter 

General Description 


A to D, D to A 


The DAC1020 and the DAC1?20 are, respectively, 
10 and 12-bit binary multiplying digital-to-analog con- 
verters. A deposited thin film R-2R resistor ladder divides 
the reference current and provides the circuit with ex- 
cellent temperature tracking characteristics (0.0002%/ 
V °C linearity error temperature coefficient maximum). 
The circuit uses CMOS current switches and drive 
circuitry to achieve low power consumption (30 mW 
max) and low output leakages (200 nA max). The 
digital inputs are compatible with DTL/TTL logic levels 
as well as full CMOS logic level swings. This part, com- 
bined with an external amplifier and voltage reference, 
can be used as a standard D/A converter; however, it 
is also very attractive for multiplying applications (such 
as digitally controlled gain blocks) since its linearity 
error is essentially independent of the voltage refer- 
ence. All inputs are protected from damage due to 
static discharge by diode clamps to V + and ground. 

This part is available with 10-bit (0.05%), 9-bit (0.10%), 


and 8-bit (0.20%) non-linearity guaranteed over tem- 
perature (note 1 of electrical characteristics). The 
DAC1020, DAC1021 and DAC1022 are direct replace- 
ments for the 10-bit resolution AD7520 and AD7530 
and equivalent to the AD7533 family. The DAC1220, 
D AC 1221 and DAC1222 are direct replacements for the 
12-bit resolution AD7521 and AD7531 family. 

Features 

■ Linearity specified with zero and full-scale adjust only 

■ Non-linearity guaranteed over temperature 

■ Integrated thin film on CMOS structure 

■ 10-bit or 12-bit resolution 

■ Low power dissipation 10 mW @15V typ 

■ Accepts variable or fixed reference — 25V<Vpgp<25V 

■ 4-quadrant multiplying capability 

■ Interfaces directly with DTL, TTL and CMOS 

■ Fast settling time— 500 ns typ 

■ Low feedthrough error— 1/2 LSB @ 100 kHz typ 


Equivalent Circuit 


Note. Switches shown in digital high state 


NOT INCLUDED FOR DAC1020 ^ 



Ordering Information 


TEMPERATURE RANGE 


PACKAGE OUTLINE 


TEMPERATURE RANGE 


10-BIT D/A CONVERTERS 


I 0°C to 70°C 

-40°C to +85°C 

-55°C to 

+}25°C 

DAC1020LCN 

AD7520LN 

AD7530LN 

DAC1020LCD 

AD7520LD 

AD7530LD 

DAC1020LD 

AD7520UD 

DAC1021 LCN 

AD7520KN 

AD7530KN 

DAC1021LCD 

AD7520KD 

AD7530KD 

DAC1021 LD 

AD7520TD 

DAC1022LCN 

AD7520JN 

AD7530JN 

DAC1022LCD 

AD7520JD 

AD7530JD 

DAC1022LD 

AD7520SD 

| N16A 

D16C 

D16C | 


12-BIT D/A CONVERTERS 


0°C to 

0°C 

-40°C to +85°C 

-55°C to 

+125°C 

DAC1220LCN 

AD7521LN 

AD7531LN 

DAC1220LCD 

AD7521LD 

AD7531LD 

DAC1220LD 

AD7521UD 

DAC1221 LCN 

AD7521KN 

A07531KN 

DAC1221 LCD 

AD7521KD 

AD7531KD 

DAC1221 LD 

AD7521TD 

DAC1222LCN 

AD7521JN 

AD7531JN 

DAC1222LCD 

AD7521JD 

AD7531JD 

DAC1222LD 

AD7521SD 

N18A 

D18A 

D18A | 


| PACKAGE OUTLINE | ■ N18A | 

Note. Devices may be ordered by either part number, 
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Absolute Maximum Ratings 

V + to Gnd 17V 

VREptoGnd ±25V 

Digital Input Voltage Range V + to Gnd 

DC Voltage at Pin 1 or Pin 2 (Note 3) -100 mV to V + 

Storage Temperature Range -65° C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300° C 

Electrical Characteristics 

(V + = 15V, Vref = 10.000V, Ta = 25°C unless otherwise specified) 

Operating Conditions 

MIN 

Temperature (T/^) 

DAC1020LD, DAC1021LD, ' -55 

DAC1022LD, DAC1220LD, -55 

DAC1 221 LD, DAC1 222LD -55 

DAC1020LCD, DAC1021LCD, -40 
DAC1022LCD, DAC1220LCD, -40 
DAC1221LCD, DAC1222LCD -40 

DAC1 020LCN, DAC1 021 LCN 0 

DAC1022LCN, DAC1220LCN 0 

DAC1221LCN, DAC1222LCN 0 

MAX 

+125 

+125 

+125 

+85 

+85 

+85 

.+70 

+70 

+70 

UNITS 

°C 

°C 

°C 

°c v 

°c 

°c 

°c 

°c 

°c 

PARAMETER 

CONDITIONS 

DAC1020, DAC1021, 
DAC1022 

DAC1220, DAC1221, 
DAC1222 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Resolution 


10 



12 



Bits 

Linearity Error 

TMIN<Ta<T M AX. 









-10V< vref<+iov, 









(Note 1) End Point Adjustment Only 









(See Linearity Error in Definition of Terms) 








10-Bit Parts 

DAC1020, DAC1220 



0.05 



0.05 

% FSR 

9-Bit Parts 

DAC1021, DAC1221 



0.10 



0.10 

% FSR 

8-Bit Parts 

DAC1022, DAC1222 



0.20 



0.20 

% FSR 

Linearity Error Tempco 

-10V < Vref<+10V, 



0.0002 



0.0002 

% FS/°C 


(Notes 1 and 2) 








Full-Scale Error 

-10V < Vref<+10V, 


0.3 

1.0 


0.3 

1.0 

% FS 


(Notes 1 and 2) 








Full-Scale Error Tempco 

TMIN<TA<TMAX< 



0.001 



0.001 

% FS/° C 


(Note 2) 








Output Leakage Current 

tmin<t a <t M ax ■ 








•OUT 1 

All Digital Inputs Low 



200 



200 

nA 

•OUT 2 

All Digital Inputs High 



200 



200 

nA 

Power Supply Sensitivity 

All Digital Inputs High, 


o;oo5 

0.005 


0.005 

0.005 

% FS /V 


14V< V + < 16V, (Note 2), 









(Figure 2) 








VREF Input Resistance 


10 

15 

20 

10 

15 

20 

kn 

Full-Scale Current Settling 

RL = 100ft from 0 to 99.95% 








Time 

FS 









All Digital Inputs Switched 


500 



500 


ns 


Simultaneously 








Vrep Feedthrough 

All Digital Inputs Low, 



10 



10 

mVp-p 


VREF = 20 Vp-p @ 100 kHz 









D Package (Note 4) 


6 

9 


6 

9 

mVp-p 


N Package 


2 

5 


2 

5 

mVp-p 

Output Capacitance 









•OUT 1 

All Digital Inputs Low 


40 



40 


PF 


All Digital Inputs High 


200 



200 


pF 

•OUT 2 

All Digital Inputs Low 


200 



200 


PF 


All Digital Inputs High 


40 



40 


PF 

Digital Input 

(Figure 1) 








Low Threshold 

tmin<t a <t M ax 



0.8 



0.8 

V 

High Threshold 

tmin<t a <t M ax 

2.4 



2.4 



V 
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Electrical Characteristics (Continued) 

(V + = 15V, Vref = 10.000V, Ta = 25°C unless otherwise specified) 




DAC1020, DAC1021 

DAC 1220, DAC1221 


PARAMETER 

CONDITIONS 


DAC1022 

DAC1222 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Digital Input Current 

Tmin<t a <t M ax 

Digital Input High 


1 



1 


/uA 


Digital Input Low 


-50 



-50 


ma 

Supply Current 

All Digital Inputs High 


0.2 

1.6 


0.2 

1.6 

mA 


All Digital Inputs Low 


0.6 

2 


0.6 

2 

mA 

Operating Power Supply 
Range 

(Figures 1 and 2) 

5 


15 

5 


15 

1 

V 


Note 1: Vref = ±10V and VreF = ilV. A linearity error temperature coefficient of 0.0002% FS for a 45°C rise only guarantees 0.009% maxi- 
mum change in linearity error. For instance, if the linearity error at 25° C is 0.045% FS it could increase to 0.054% at 70°C and the DAC will be no 
longer a 10-bit part. Note, however, that the linearity error is specified over the device full temperature range which is a more stringent specifica- 
tion since it includes the linearity error temperature coefficient. 

Note 2: Using internal feedback resistor as shown in Figure 3. 

Note 3 - - Both IquT i anc l IquT 2 must 9° t0 9 r ound or the virtual ground of an operational amplifier. If Vpgp = 10V, every millivolt offset 
between IquT 1 or *OUT 2' 0-005% linearity error will be introduced. 

Note 4: To achieve this low feedthrough in the D package, the user must ground the metal lid. 

Typical Performance Characteristics 



0 20 40 60 80 

T A - TEMPERATURE (°C) 

FIGURE 1. Digital Input Threshold vs 
Ambient Temperature 



5.0 10.0 15.0 

V + (VOLTS) 


FIGURE 2. Gain Error Variation vs V + 
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DA Cl 020, DAC1021, DAC1022, 
DAC1220, DA Cl 221, DAC1222 


Typical Applications 

The following applications are also valid for 12-bit 
systems using the DAC1220 and 2 additional digital 
inputs. 

Operational Amplifier Bias Current (Figure 3) 

The op amp bias current, 1^, flows through the 15k 
internal feedback resistor. BI-FET op amps have low 
1^ and, therefore, the 15k x 1^ error they introduce is 
negligible; they are strongly recommended for the 
DAC1020 applications. 

VOS Considerations 

The output impedance, ROUT/ °f the DAC is modu- 
lated by the digital input code which causes a modulation 
of the operational amplifier output offset. It is therefore 
recommended to adjust the op amp VoS- R OUT is 
~15k if more than 4 digital inputs are high; RquT 


is ~45k if a single digital input is high, and RquT 
approaches infinity if all inputs are low. 

Operational Amplifier Vos Adjust (Figure 3) 

Connect all digital inputs, A1— A10, to ground and 
adjust the potentiometer to bring the op amp VquT 
pin to within ±1 mV from ground potential. If Vref Js 
less than 10V, a finer Vos adjustment is required. It is 
helpful to increase the resolution of the Vos adjust 
procedure by connecting a 1 k!2 resistor between the 
inverting input of the op amp to ground. After Vos has 
been adjusted, remove the 1 k!2. 

Full-Scale Adjust (Figure 4) 

Switch high all the digital inputs, A1— A10, and measure 
the op amp output voltage. Use a 50012 potentiometer, 
as shown, to bring 1 1 VoUTll to a voltage equal to Vref x 
1023/1024. 


SELECTING AND COMPENSATING THE OPERATIONAL AMPLIFIER 


OP AMP FAMILY 

c F 

Ri 

P 

V w 

CIRCUIT SETTLING 
TIME, t s 

CIRCUIT SMALL 
SIGNAL BW 

LM357 

10 pF 

2.4k 

25k 

V + 

1.5 ms 

1M 

LM356 

22 pF 

00 

25k 

v + 

3 ms 

0.5M 

LF351 

24 pF 

00 

10k 

V“ 

4 ms 

0.5M 

LM741 

0 

00 

10k 

V“ 

40 ms 

200 kHz 


MSB LSB 

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 



~iov < Vref < iov 

1023 

0<V OU T< — T024" REF 

where Afsj = 1 if the A|\j digital input is high 
A|\j = 0 if the An digital input is low 

FIGURE 3. Basic Connection: Unipolar or 2-Quadrant Multiplying 
Configuration (Digital Attenuator) 
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Typical Applications (Continued) 

MSB ISB 



AN = —1 if A|\| input is low 


COMPLEMENTARY OFFSET BINARY 
(BIPOLAR) OPERATION 


DIGITAL INPUT | 

VOUT 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 

+VREF 

0 

0 

0 

0 

0 

0 

0 

0 

0 1 

Vref X 1022/1024 

0 

1 

1 

1 

1 

1 

1 

1 

1 1 

Vref X 2/1024 

1 

0 

0 

0 

0 

0 

0 

0 

0 0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 1 

-Vref X 2/1024 

1 

1 

1 

1 

1 

1 

1 

1 

1 1 

-Vref (1022/1024) 


Note that: 

• ’OUT 1 + l0UT2 = b ^ REF 

^LADDER \ 1024 / 

• By doubling the output range we get half the resolution 

• The 10M resistor, adds a 1 LSB "thump", to allow full 
offset binary operation where the output reaches zero 
for the half -scale code. If symmetrical output excursions 
are required, omit the 10M resistor. 


FIGURE 7. bipolar 4-Quadrant Multiplying Configuration 


Operational Amplifiers Vos Adjust (Figure 7) 

a) Switch all the digital inputs high; adjust the Vos 
potentiometer of op amp B to bring its output to a 
value equal to — (Vref/1024) (V). 

b) Switch the MSB high and the remaining digital 
inputs low. Adjust the Vos potentiometer of op 
amp A, to bring its output value to within a 1 mV 
from ground potential. For Vref < 10V, a finer 
adjust is necessary, as already mentioned in the 
previous application. 


MSB LSB 



Gain Adjust (Full-Scale Adjust) 

Assuming that the external 10k resistors are matched to 
better than 0.1%, the gain adjust of the circuit is the 
same with the one previously discussed. 


MSB LSB 



TRUE OFFSET BINARY OPERATION 


DIGITAL INPUT 

VOUT 

1111111111 

1000000000 

0000000000 

Vref x 1022/1024 

0 

-vref 


t s = 1 .8 jus 

use LM336 for a voltage reference 


R4 = (2 A v — — 1)R, 


R2 

rT 



R3 + R1 ||R2 « R; A V “ = V Q U T (PEA - K) ., r = 20k 
Vref 

Example: Vref = 2V, VquT (swing) - ±10V: Ay - = 5V 
Then R4 = 9R, R1 = 0.8 R2. If R1 = 0.2R then R2 = 0.25R, 
R3 = 0.64R 


FIGURE 8. Bipolar Configuration with a Single Op Amp FIGURE 9. Bipolar Configuration with Increased Output Swing 
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Typical Applications (Continued) 


MSB LSB 

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 



-Vref 

/A1 A2 A3 

A10 \ 

\T + T + IT + " 

1024/ 


where: Vref can be an AC signal 

• By connecting the DAC in the feedback loop of an operational amplifier a linear digitally 
control gain block can be realized 

• Note that with all digital inputs low, the gain of the amplifier is infinity, that is, the op amp will 
saturate. In other words, we cannot divide the Vref by zerol 

FIGURE 10. Analog-to-Digital Divider (or Digitally Gain Controlled Amplifier) 



where: 0<N<1023 

N = 0 for A[\| = all zeros 
N = 1 for A10= 1, A1-A9 = 0 


N = 1 023 for An = all 1's 

FIGURE 11. Digitally Controlled Amplifier-Attenuator 
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DAC1020, DAC1021, DAC1022. 
DAC1220, DAC1221, DAC1222 


Typical Applications (Continued) 



• Output frequency = ; fjyiAX - 2 kHz 

512 

• Output voltage range = OV— 10V peak 

• THD < 0.2% 

• Excellent amplitude and frequency stability with temperature 

• Low pass filter shown has a 1 kHz corner (for output frequencies below 10 Hz, filter corner should be reduced) 

• Any periodic function can be implemented by modifying the contents of the look up table ROM 

• No start up problems 

FIGURE 12. Precision Low Frequency Sine Wave Oscillator Using Sine Look-Up ROM 
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DAC1020, DAC1021, DAC1022, 
DAC1220, DAC1221, DAC1222 


Definition of Terms 

Resolution: Resolution is defined as the reciprocal of 
the number of discrete steps in the D/A output. It is 
directly related to the number of switches or bits within 
the D/A. For example, the DAC1020 has 2 ^ or 1024 
steps while the DAC1220 has 2^ or 4096 steps. There- 
fore, the DAC1020 has 10-bit resolution, while the 
DAC1220 has 12-bit resolution. 


Linearity Error: Linearity error is the maximum devia- 
tion from a straight line passing through the endpoints 
of the D/A transfer characteristic. It is measured after 
calibrating for zero (see Vos adjust in typical applica- 
tions) and full-scale. Linearity error is a design parameter 
intrinsic to the device and cannot be externally adjusted. 


Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the 
D/A full-scale output. 

Settling Time: Full-scale settling time requires a zero to 
full-scale or full-scale to zero output change. Settling 
time is the time required from a code transition until 
the D/A output reaches within ±1/2 LSB of final output 
value. 

Full-Scale Error: Full-scale error is a measure of the 
output error between an ideal D/A and the actual device 
output. Ideally, for the DAC1020 full-scale is Vref — 
1 LSB. For VreF = 10V and unipolar operation, 
VFULL-SCALE = 10.0000V - 9.8 mV = 9.9902V. 
Full-scale error is adjustable to zero as shown in Figure 5. 





(a) End point test after zero and full-scale adjust. (b) By shifting the full-scale calibration on of the DAC 

The DAC has 1 LSB linearity error of Figure (bl) we could pass the "best straight 

line” (b2) test and meet the ±1/2 LSB linearity 
error specification 


Note, (a), (bl) and (b2) above illustrate the difference between "end point" National's linearity test (a) and "best straight line" test. 
Note that both devices in (a) and (b2) meet the ±1/2 LSB linearity error specification but the endpoint test is a more "real life" way 
of characterizing the DAC. 


Connection Diagrams 


DAC102X DAC122X 

Dual-In-Line Package Dual-ln-Line Package 
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National 

Semiconductor 


A to D, D to A 


DAC1200, DAC1201 12-Bit Digital-to-Analog Converters 


General Description 

The DAC1200 series of D/A converters is a family of 
precision low-cost converter building blocks intended to 
fulfill a wide range of industrial and military D/A 
applications. These devices are complete functional 
blocks requiring only application of power for operation. 
The design combines a precision 1 2-bit weighted current 
source (12 current switches and 12-bit thin-film resistor 
network), a rapid-settling operational amplifier, and 
10.24V buffered reference. 

Input coding is complementary binary. In all instances, 
a logic "low" (< 0.8V) turns a given bit ON, and a logic 
"high" (> 2.0V) turns the bit OFF. Output format may 
be programmed for bipolar (±10V) or unipolar (0 to 
10V) operation using internally supplied thin-film 
resistor pin strap options. Current mode operation is 
also available from 0 to 2 mA. 

The entire series is available in hermetically sealed 24- 
lead DIP. 


Features 

a Circuit completely self-contained 

■ Both current and voltage-mode outputs 

a Standard power supplies: ±15V and +5V 

■ Internal buffered reference: 10.24V 

■ 0 to 2 mA, ±10V or 0 to 10V output by strapping 
internal resistors; other scales by external resistors 

■ ±1/2 LSB linearity 

■ Fast settling time: 1 .5 /is in current mode 

2.5 /is in voltage mode 

■ High slew rate: 1 5 V/jus 

B TTL and CMOS compatible complementary binary 
input logic 

a 12 bit linearity 

B Standard 0.6" 24-pin DIP package 


Block and Connection Diagrams 
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DAC1200, DAC1201 


Absolute Maximum Ratings 


Supply Voltage (V + & V") 
Logic Supply Voltage (Vqq) 
Logic Input Voltage 
Reference Input Voltage 
Power Dissipation 


±18 V 
+10V 
-0.7 V to +18 V 
-0V, +18 V 
(see graphs) 


Short Circuit Duration (pins 18, 19 & 
Operating Temperature Range 
DAC1200HD, DAC1201HD 
DAC1200HCD, DAC1201 HCD 

Storage Temperature Range 

Lead Temperature (soldering, 10 sec.) 


21) Continuous 

-55° C to +125°C 
-25°C to +85°C 

-65°C to +150°C 
300°C 


DC Electrical Characteristics DAC1200,1201 Binary D/A (Notes 1,2) 


PARAMETER 

CONDITIONS 

DAC1 200/1 200C 

DAC1201/1201C 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Resolution 


12 



12 



Bits 

Linearity Error (Note 3) 

T A = 25^C 



±0.0122 



±0.0488 

% FS 





±0.0244 



±0.0976 

% FS 

Offset Voltage 

T A =25°C 


1 

5 


1 

10 

mV 





10 



15 

mV 

Voltage Mode Full-Scale Error (Note 3) 

Vref = 10.240V 


0.01 

0.1 


0.02 

0.2 

% FS 

Voltage Mode Full-Scale Error 

Pin 21 connected to Pin 14, T /\ = 25 c C 


0.1 . 

0.6 


0.1 

0.7 

% FS 

Monotonicity (Notes 3, 4) 


Guaranteed over the temperature range 1 



AV + = 1 2 V T 


0.002 

0.02 


0.002 

0.02 

% FS /V 

Voltage Mode Power Supply 

AV' = +2 V ' A ~ Zb U 


0.002 

0.02 


0.002 

0.02 

% FS/V 

Sensitivity 

AV CC = ±1V VREF - 10.240V 


0.002 

0.02 


0.002 

0.02 

% FS/V 

Output Voltage Range 

R|_ = 5k 

±10.5 

±12 


±10.5 

±12 


V 

Voltage Mode Output Short Circuit 

Ta = 25° C 


20 

50 


20 

50 

mA 

Current Limit 


i 







Current Mode Voltage Compliance 

(Note 5) 

±2.5 



±2.5 



V 

Current Mode Output Impedance 



15 



15 


k n 

Reference Voltage 

0mA< Iref <2mA, Ta = 25"C 

10.190 

10.240 

10.290 

10.190 

10.240 

10.290 

V 

Logic "1 " Input Voltage (Bit OFF) 


2.0 



2.0 



V 

Logic "0" Input Voltage (Bit ON) 




0.8 



0.8 

V 

Logic "1" Input Current. (Bit OFF) 

V||\| = 2.5V 


1 

10 


1 

10 

/iA 

Logic "0" Input Current (Bit ON) 

< 

z 

0 

< 


-10 

-100 


-10 

-100 

pA 

l + 

V + = 15.0 V 


10 

15 


10 

15 

mA 

Power Supply Current l~ 

V- = -15.0V Ta - 25 C 


25 

30 


25 

30 

mA 

•cc 

V C C = 5.0V 


20 

25 


20 

25 

mA 


AC Electrical Characteristics DAC1 200,1 201 


PARAMETER 

CONDITIONS (T A =25°C) 

MIN 

TYP 

MAX 

UNITS 

Voltage Mode 

DAC1200, V e < 1.25 mV 


1.5 

3.0 

MS 

±1 |_SB Settling Time (Note 5) 

DAC1201, V e <5.0mV 


1 

3.0 

MS 

Voltage Mode Full-Scale 

DAC1200, V e <1.25 mV 


2.5 

5.0 

MS 

Change Settling Time (Note 5) 

DAC1201, V e <5.0 mV 


2.0 

5.0 

MS 

Current Mode 

RL= IkH, C L <20pF 


1.5 



Full-Scale Settling Time 

0 < AloUT ^ 2mA 



MS 

Voltage Mode Slew Rate 

-10V < AVqut< + 10V 


15 


V/ms 


Note 1: Unless otherwise noted, these specifications apply for V + = 15.0V, V = -15.0V, and Vqq = 5.0V over the temperature range -55°C to 
+ 125°C for the DAC1200HD/1201 HD and -25°Cto +85° C for the DAC1200HCD/1 201 HCD. 

Note 2: All typical values are for Ta = 25°C. 

Note 3: Unless otherwise noted, this specification applies for Vref = 10.24 V, and over the temperature range -25°C to +85°C. Testing 
conditions include adjustment of offset to 0V and full-scale to 10.2375V. 

Note 4: The DAC1200 is tested for monotonicity by stimulating all bits; the DAC1201 is tested for monotonicity by stimulating only the 10 
MSBs and holding the 2 LSBs at 2.0V (i.e., 2 LSBs are OFF). 

Note 5: Not tested — guaranteed by design. 
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Typical Performance Characteristics 


Maximum Power Dissipation 


Supply Current vs Temperature 


Supply Current vs Temperature 



25 50 75 100 125 150 

TEMPERATURE ( 0 



-55 -25 0 25 50 75 100 125 

TEMPERATURE ( C) 



-55 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



1 LSB Transition 

1011 . . . 1 -* 1100 . . .0 

Vq = 0; 10V 

Cp = 30pF 

T a = 25°C 



10V Full Scale Settling Time 


10V Full Scale Pulse Response 


Applications Information 


1. Introduction 

The DAC1200 series D/A converters are designed to 
minimize adjustments and user-supplied external com- 
ponents. For example, included in the package are a 
buffered reference, offset nulled output amplifier, and 
application resistors as well as the basic 12-bit current 
mode D/A. 

However, the DAC1200 series is a sophisticated building 
block. Its principles of operation and the following 
applications information should be read before applying 
power to the device. 

The user is referred to National Semiconductor Applica- 
tion Notes AN-156 and AN-157 for additional informa- 
tion. 

2. Power Supply Selection & Decoupling . 

Selection of power supplies is important in applications 
requiring 0.01% accuracy. The ±15V supplies should be 
well regulated (±15V ± 0.1%) with less than 0.5mVrms 
of output noise and hum. 

To realize the full speed capability of the device, all three 
power supply leads should be bypassed with IjuF 
tantalum electrolytic capacitors in shunt with 0.01 juF 
ceramic disc capacitors no farther than Vz inch from.the 
device package. 


3. Unipolar and Bipolar Operation 

The DAC1200 series D/A's may be configured for either 
unipolar or bipolar operation using resistors provided 
with the device. Figure 1A illustrates the proper con- 
nection for unipolar operation. 

Bipolar operation is accomplished by offsetting the 
output amplifier A3 as shown in Figure 2A. 



*V0UT = ('ZERO to I F U LLSC A L E ) ( pg l " VR22 1 
= (0mA to 2.0475mA)<5kS>) 

= 0V to + 10.2375V 

"Values shown are for Vref = 10.240V. 

1 LSB Voltage Step = = 2.5mV. 

1 LSB Current Step = = 0.5juA 

FIGURE 1 A. DAC1200/DAC1201 Unipolar Operation 
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DAC1200, DAC1201 



*V0UT = (0 to 2.0475mA)R22 - R21 

nZ2 

= (0 to 2.0475mA)R22 - Vref, R21 = R22 
= -10.240 to + 10.235V 
*Values shown are for Vref = 10.240V 
1 LSB = 5mV. 

FIGURE 2A. DAC1200/DAC1201 Bipolar Operation 

External resistors may be used to achieve alternate zero 
and full-scale voltages. It is advantageous to utilize R21 
and R22 even in these applications since they are closely 
matched in TCR and temperature to the internal array. 
Figure 3 illustrates the recommended circuit for zero to 
5V operation. ReXT should be of metal film or wire- 
wound construction with a TCR of less than 10ppm/°C. 



RTOTAL = (R21III (R22) || (REXT) = — = 2.5kfi. 

2.0475mA 

FIGURE 3. DAC1200 0 to 5.120V Operation 

4. Offset and Full-Scale Adjust 

If higher precision is required in the zero and full-scale, 
external adjustments may be made. The circuit of figure 
4 illustrates the recommended circuit to adjust offset and 
full-scale of the DAC1200 series. The circuit will work 
equally well for unipolar or bipolar operation. 

In bipolar operation, the offset is adjusted at minus full- 
scale; in the unipolar case at zero scale. 



FIGURE 4. Offset & Full-Scale Adjust 

For the values shown in figure 4, R1 will allow a ±7imV 
offset adjustment for the unipolar case and ±15 mV for 
the bipolar case. R2 will allow a ±50 mV adjustment of 
full scale. 


5. Current Mode Operation 

Access to the summing junction of A3 affords current 
mode operation either with a resistive load or to drive a 
fast-settling external operational amplifier. The loop 
around A3 should not be closed in current mode opera- 
tion. There is a ±2.5V maximum compliance voltage at 
A2's output (pin 18) which restricts the maximum size 
of the load resistor; i.e., R[_ x IFULLSCALE ^ 2.5V. 

Note: IFULLSCALE ^ 2 mA. 

6. Settling Time & Glitch Minimization 

The settling time of the DAC1200 series and the glitch 
which occurs between major input code changes may be 
improved by placing a 10 to 30 pF capacitor between 
pins 18 (current-mode output) and 19 (voltage mode 
output). The capacitor is used to cancel output capaci- 
tance of the current mode D/A and stray capacitance at 
pin 18. 

7. Current Output Boosting 

The DAC1200 series may be operated as a "power D/A" 
by including a current buffer such as the LH0002 or 
LH0063 in the loop with A3 as shown in figure 5. 



FIGURE 5. Current Boosted Output 

8. Logic Input Coding 

The sense of the logic inputs to the DAC1200 series is 
complementary; i.e., a given bit is jturned ON by an 
active "low" input. Table I summarizes input status for 
the unipolar and bipolar complementary binary and BCD 
codes. 

Other input codes may also be used. For example, the 
twos complement code, which is used extensively in 
computer and microprocessor applications, may be con- 
verted to the DAC1200 complementary bipolar format by 
inverting all bits except the MSB. The inversion may be 
accomplished in the microprocessor by software control, 
or by hardware using standard hex-inverters. 

9. Reference Voltage 

External reference voltages may be used with the 
D AC 1200 series. Voltages other than 10.240 or 10.000V 
in the range of +5.0V to 11V will work satisfactorily 
for voltage mode operation. Full-scale voltage is always 
V REF - 1 LSB where 1 LSB = V REF /4096. Full-scale 
current may be predicted by: 

•FULLSCALE = (V ref) (0.1 99951 17) mA 
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CODE TYPE 

(Note 8) 

INPUT CODE 

MSB LSB 

OUTPUT STATE 

OUTPUT VOLTAGE 
V REF = 10-240V 

OUTPUT CURRENT 


0000 

0000 0000 

Full-Scale 

+10. 2375V 

2.0475mA 

Unipolar Complementary Binary 

1111 

1111 1110 

1 LSB ON 

+2.500mV 

0.500 juA 


1111 

1111 1111 

Zero Scale 

Zero 

Zero 


0000 

0000 0000 

Full-Scale 

+10. 235V 

+1. 0235mA 

Bipolar Complementary Binary 

0111 

1111 1111 

Half Full-Scale 

-0.000V 

0.000 mA 

1111 

1111 1110 

1 LSB ON 

-10.235V 

-1.0235mA 


1111 

1111 1111 

Zero Scale 

-10.240V 

-1.0240mA 


Note 8: Logic input sense is such that an active low (V||\j < 0.8V) turns a given bit ON and is represented as a logic "0” in the table. 


Definition of Terms 


Resolution 

Resolution is defined as the reciprocal of the number of 
discrete steps in the D/A output (as designed). It is 
directly related to the number of switches or bits within 
the D/A. For example, the DAC1200 has 2^ or 4096 
steps. Resolution may therefore be expressed variously 
as 12 bits, as 1 part in 2 12 / a s 1 part in 4096, or as a 
percentage (1/4096x 100= 0.0244%). 

Linearity Error 

Linearity error is the maximum deviation from a straight 
line passing through the endpoints of the D/A transfer 
characteristic. It is measured after calibrating for zero 
and full-scale. The linearity error of the DAC1 200 series 
is guaranteed to be less than ±V 2 LSB or 0.0122% of F.S. 
for the DAC1 200/1 20QC and ±0.0488% of F.S. for the 
DAC1201/DAC1201C. Linearity error is a design para- 
meter intrinsic to the device and cannot be externally 
adjusted. 

Offset Voltage 

Offset voltage is an output voltage other than zero volts 
for unipolar operation (and other than minus full-scale 
for bipolar operation) with all bits turned OFF. In the 
DAC1200 series this error resides primarily in the output 
amplifier, A3. Offset voltage is adjustable to zero as 
discussed in the applications section. 


Power Supply Sensitivity 

Power supply sensitivity is a measure of the effect of 
power supply changes on the D/A full-scale output. 

Settling Time 

Two settling time parameters are specified for the 
DAC1200 series. Full-scale settling time requires a zero to 
full-scale or full-scale to zero output change. One LSB 
settling time requires one LSB output change. In both 
instances, settling time is the time required from a code 
transition until the D/A output reaches within ±Vi LSB 
of final output value. 

Monotonicity 

Monotonicity is a characteristic of the D/A which re- 
quires a non-negative output step for an increasing input 
digital code. Monotonicity, therefore, demands no back 
steps or changes in sign of the slope of the D/A transfer 
characteristic. 

Full-Scale Error 

Full-scale error is a measure of the output error between 
an ideal D/A and the actual device output. Ideally, for 
the DAC1200 full-scale is Vrff — 1 LSB. For Vrff = 
10.240V and unipolar operation, VpuLLSCALE = 
10.240V - 2.5mV = 10.2375V. Departures from this 
value include internal gain, scaling, and reference errors. 
Full-scale error is adjustable to zero as discussed in the 
Applications section. 
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Typical Application 


DIGITAL INPUTS, TTL, CMOS 



20 Volt Full-Scale Complementary D/A 


DC Test Circuit 


+15.0V VREF 



Cl = C2 = C3 - 4.7pF (solid tantalum) in parallel with a 0.01 /jF ceramic disc 

Ordering Information 


PART NUMBER 

PACKAGE 

25°C 

LINEARITY 

ERROR 

OPERATING 

TEMPERATURE 

RANGE 

DAC1200HD 

Ceramic DIP 

0.01% 

~55°C to +125°C 

DAC1201HD 

Ceramic DIP 

0.05% 

-55° C to +125°C 

DAC1200HCD 

Ceramic DIP 

0.01% 

-25° C to +85° C 

DAC1201 HCD 

Ceramic DIP 

0.05% 

-25° C to +85°C 
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National 
Semiconductor 
MICRO-DAC™ DAC1208, DAC1209, DAC1210, DAC1230 


A to D, D to A 


D AC 1231, DAC1232 12-Bit, /xP Compatible, Double-Buffered 
D to A Converters 


General Description 

The DAC1208 and the DAC1230 series are 12-bit multiply- 
ing D to A converters designed to interface directly with a 
wide variety of microprocessors (8080, 8048, 8085, Z-80, 
etc.). Double buffering input registers and associated con- 
trol lines allow these DACs to appear as a two-byte 
“stack” in the system’s memory or I/O space with no addi- 
tional interfacing logic required. 

The DAC1208 series provides all 12 input lines to allow 
single buffering for maximum throughput when used with 
16-bit processors. These input lines can also be externally 
configured to permit an 8-bit data interface. The DAC1230 
series can be used with an 8-bit data bus directly as it in- 
ternally formulates the 12-bit DAC data from its 8 input 
lines. All of these DACs accept left-justified data from the 
processor. 

The analog section is a precision silicon-chromium (Si-Cr) 
R-2R ladder network and twelve CMOS current switches. 
An inverted R-2R ladder structure is used with the binary 
weighted currents switched between the I 0 uti and Iout 2 
maintaining a constant current in each ladder leg inde- 
pendent of the switch state. Special circuitry provides TTL 
logic input voltage level compatibility. 

The DAC1208 series and DAC1230 series are the 12-bit 
members of a family of microprocessor compatible DACs 
(MICRO-DACs™). For applications requiring other resolu- 
tions, the DAC1000 series for 10-bit and DAC0830 series 
for 8-bit are available alternatives. 


Features 

■ Linearity specified with zero and full-scale adjust only 

■ Direct interface to all popular microprocessors 

■ Double-buffered, single-buffered or flow through digital 
data inputs 

■ Logic inputs which meet TTL voltage level specs (1.4V 
logic threshold) 

■ Works with ±10V reference — full 4-quadrant 
multiplication 

■ Operates stand-alone (without jiP) if desired 

■ All parts guaranteed 12-bit monotonic 

■ DAC1230 series is pin compatible with the DAC0830 
series 8-bit MICRO-DACs 

Key Specifications 

■ Current Settling Time 

■ Resolution 

■ Linearity (Guaranteed 

over temperature) 

■ GainTempco 

■ Low Power Dissipation 

■ Single PowerSupply 


1/iS 

12 Bits 

10, 11, or 12 Bits of FS 

1.5ppm/°C 
20 mW 
5 Vocto 15 Vqc 


Typical Application 



Ordering Information 


Accuracy 

Package j 

20-Pin 

D20A 

24-Pin 

D24C 

0.012% 

DAC1230LCD 

DAC1208LCD 

0.024% 

DAC1231 LCD 

DAC1209LCD 

0.05% 

DAC1232LCD 

DAC1210LCD 


MICRO-DAC™ is a trademark of National Semiconductor Corp. 
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DAC1208, DA Cl 209, DAC1210, DAC1230, 
DAC1231, DAC1232 


Absolute Maximum Ratings<Notesiand2) 

Operating Ratings 



Supply Voltage (V cc ) 

v 17 Vqc 

Temperature Range 

-40°Cto +85°C* 

Voltage at Any Digital Input 

Vqq toGND 

Range of V cc 


4.75V DC to16V DC 

Voltage at V REF Input 

±25V 

Voltage at Any Digital Input 


V cc toGND 

Storage Temperature Range 

-65°Cto + 150°C 






Package Dissipation at T A = 25°C (Note 3) 500 mW 

* Military temperature range device will be available in future. 

DC Voltage Appl ied to Iquti or I 0 ut2 - 1 00 mV to V cc 






(Note 4) 







Lead Temperature (Soldering, 10 seconds) 300°C 






Electrical Characteristics t a = 25°c, v REF = 10.000 v DC , v cc 

= 11.4 Vqq to 15.75 V DC unless otherwise noted. 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Notes 

Resolution 


12 / 

12 

12 

Bits 


Linearity Error 

Zero and Full-Scale 





4,7 

(End Point Linearity) 

Adjusted 

t min<T a <Tmax 





6 


-10V<V REF <10V 

DAC1208, DAC1230 



0.012 

% of FSR 

5 


DAC1209, DAC1231 



0.024 

% of FSR 



DAC1210, DAC1232 



0.05 

% of FSR 


Differential Non-Linearity 

Zero and Full-Scale 





4,7 


Adjusted 

t min<T a <Tmax 





6 


-10V<V REF <10V 

DAC1208, DAC1230 



0.012 

% of FSR 

5 


DAC1209, DAC1231 



0.024 

% of FSR 



DAC1210, DAC1232 



0.05 

% of FSR 


Monotonicity 

Tmin<T a <T MA x 





4,6 


-10V<V REF <10V 

12 

12 

12 

Bits 

5 

Gain Error 

Using Internal R Fb 
-10V<V REF <10V 

-0.2 

-0.01 

0.0 

% of FS 

5 

Gain Error Tempco 

Tmin<Ta<Tmax 





6,7 


Using Internal R Fb 


±1.3 

±6.0 

ppm of FS/°C 

10 

Power Supply Rejection 

All Digital Inputs 

Latched High 


±3.0 


ppm of FSR /V 

7 

Reference Input Resistance 


10 

15 

20 

ktt 


Output Feedthrough Error 

V REF = 20 Vp-p, f = 100 kHz 
All Data Inputs Latched 

Low 

' 

3 


mVp-p 

9 

Output Capacitance 

All Data Inputs l 0UT1 


200 


PF 



Latched High l 0UT2 


70 


PF 



All Data Inputs Iquti 


70 


PF 


- 

Latched Low l 0UT2 


200 


PF 


Supply Current Drain 

t min^T a <T max 


1.2 

2.0 

mA 

6 

Output Leakage Current 

T min <T a <T max 





6,11 

•outi 

All Data Inputs Latched 

Low 



15 

nA 

6, 11 

•oUT2 

All Data Inputs Latched 

High 



15 

nA 


Digital Input Threshold 

t min^T a <T MA x 

Low Threshold 



0.8 

V DC 

' 6 


High Threshold 

2.0 



Vdc 


Digital Input Currents 

T m 1 n <T a <T M ax 

Digital Inputs <0.8V 


-50 

-200 

m a dc 

6 


Digital Inputs >2.0V 


0.1 

10 

m a dc 
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Electrical Characteristics (Continued) 

T a = 25°C, V REF = 10.000 Vqc. Vcc = 11-4 V dc to 15.75 V D c unless otherwise noted. 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Notes 

*s 

Full-Scale Current 

R l = 100Q, Output Settled 


1 


IXS 



Settling Time 

to 0.01 % CS = WR1 = 








WR2 = XFER = 0V, Byte 1/ 
Byte 2 = 5V, Dl 0 through 

D^-i Switched 
Simultaneously 






t w 

Write and XFER 

V| L = 0V, V, h = 5V 

320 

50 


ns 

8, 10 


Pulse Width 

Tmin^Ta^Tmax 

320 

80 

— 

ns 

6, 8, 10 

Ids 

Data Set-Up Time 

V| L = 0V, V, h = 5V 

320 

70 


ns 

10 



T m , n <T a <T max 

320 

80 

- 

ns 

6, 10 

*dh 

Data Hold Time 

V| L = 0V, V,h = 5V 

90 

50 


ns 

10 



t min^ t a^Tmax 

90 

60 


ns 

6, 10 

*cs 

Control Set-Up Time 

V| L = 0V, V,h = 5V 

320 

60 

— 

ns 

10 



T m 1 n <T a <T M ax 

320 

100 

— 

ns 

6, 10 

tcH 

Control Hold Time 

V,l = 0V, V,h = 5V 

10 

0 


ns 

10 



T m 1 n <T a <T M ax 

10 

0 


ns 

6, 10 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. These specifications are not meant to 
imply that the devices should be operated at these “Absolute Maximum” limits. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: This 500 mW specification applies for all packages. The low intrinsic power dissipation of this part (and the fact that there is no way to significantly 
modify the power dissipation) removes concern for heat sinking. 

Note 4: Both loUTI anc * *OUT2 must 9° *° ground or the virtual ground of an operational amplifier. The linearity error is degraded by approximately 
Vos Vref- F° r example, if Vref = 10V then a 1 mV offset, Vqs. on loUTI or , OUT2 will introduce an additional 0.01 % linearity error. 

Note 5: Guaranteed at Vr EF = — 10 Vqq and Vref = ± "1 Vqq. 

Note 6: T^in = — 40°C and T^ax = 85°C. 

Note 7: The unit FSR stands for full-scale range. Linearity Error and Power Supply Rejection specs are based on this unit to eliminate dependence on a par- 
ticular Vr E f value to Indicate the true performance of the part. The Linearity Error specification of the DAC1208 is 0.012% of FSR(max). This guarantees that 
after performing a zero and full-scale adjustment, the plot of the 4096 analog voltage outputs will each be within 0.012% x Vref °f a straight line which 
passes through zero and full-scale. The unit ppm of FSR (parts per million of full-scale range) and ppm of FS (parts per million of full-scale) are used for conven- 
ience to define specs of very small percentage values, typical of higher accuracy converters. In this instance, 1 ppm of FSR = Vref/ 10 6 is the conversion fac- 
tor to provide an actual output voltage quantity. For example, the gain error tempco spec of ± 6 ppm of FS/°C represents a worst-case full-scale gain error 
change with temperature from -40°Cto -f85°Cof ±(6 )(V RE f/ 10 6 )(125°C) or ±0.75 (10 ~ 3 ) Vref which is ±0.075% of Vref- 

Note 8: This spec implies that all parts are guaranteed to operate with a write pulse or transfer pulse width (tyy) of 320 ns. A typical part will operate with t w of 
only 100 ns. The entire write pulse must occur within the valid data interval for the specified t w, tps, ton a nd t$ to apply. 

Note 9: To achieve this low feedthrough in the D package, the user must ground the metal lid. If the lid is left floating the feedthrough is typically 6 mV. 
Note 10: Guaranteed by design but not tested. 

Note 11: A 10 nA leakage current with Rpb = 20k and Vref = 10V corresponds to a zero error of (10 x 10~ 9 x 20 x 10 3 ) x 100% 10V or 0.002% of FS. 

Connection Diagrams 

Dual-ln-Line Package Dual-ln-Line Package 
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Switching Waveforms 



Typical Performance Characteristics 


Digital input Threshold 
vs V cc 

2.4 

- 2.0 

§ I* 

| 

| 1.2 
f- 

< 0.8 
uj 

° 0.4 

0 

0 5 10 IS 

Vcc "SUPPLY VOLTAGE (V) 


Gain and Linearity Error 
Variation vs Supply Voltage 



Vcc -SUPPLY VOLTAGE (V DC ) 



Digital Input Threshold vs 
Temperature 










: 



C B 

5 V 

)C 



10 V 


■* 



5 


• tv; 





_Vc 

C“5 Vn 






















-35-15 5 25 45 65 85 
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-35 -15 5 25 45 65 85 
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Gain and Linearity Error 
Variation vs Temperature 








Vcc- 

isv'oc 1 

0.01 















AGAIN 









cL 



0 

-0.005 


Wmm \ 




AL 

NEA 

RIT 

1 

-0.01 

* 

S' 




























-35 -15 5 25 45 65 85 
T a - AMBIENT TEMPERATURE (°C) 


Data Hold Time, t DH 



T A - AMBIENT TEMPERATURE <°C) 



-35 -15 5 25 45 65 85 

T A - AMBIENT TEMPERATURE (°C) 


Data Set-Up Time, t DS 


-g 500 
I 400 

O- 
=3 

t 300 

CO 
< 

< 200 

l 

jP 100 
0 

-35 -15 5 25 45 65 85 

T a - AMBIENT TEMPERATURE (°C) 
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Definition of Package Pinouts 

CONTROL SIGNALS (all control signals are level 
actuated) 

CS: Chip Select (active low). The CS will enable WRi. 

WRI: Write 1. The active low WRI is used to load the digit- 
al data bits (Dl) into the input latch. The data in the input 
latch is latched when WRI is high. The 12-bit input latch 
is split into two latches, one h olds th e first 8 bits, while the 
other holds 4 bits. The Byte 1/Byt e 2 co ntrol pin is used to 
select both latches when Byte 1/Byte 2 is high or to over- 
write the 4-bit input latch when in the low state. 

Byte 1/Byte 2: Byte Sequence Control. When this control 
is high, all 12 locations of the input latch are enabled. 
When low, only the four least significant locations of the 
input latch are enabled. 

WR2: Write 2 (active low). The WR2 will enable XFER. 

XFER: Transfer Control Signal (active low). This signal, in 
combination with WR2, causes the 12-bit data which is 
available in the input latches to transfer to the DAC 
register. 

Dl 0 to Din: Digital Inputs. Dio is the least significant 
digital input (LSB) and Din is the most significant digital 
input (MSB). 

Iouti" DAC Current Output 1. I 0 uti is a maximum for a 
digital code of all Is in the DAC register, and is zero for all 
Os in the DAC register. 

Iqut2 : DAC Current Output 2. Iqut2 * s a constant minus 
•outi. or ioun + iouT 2 = constant (for a fixed reference 
voltage). This constant current is 

Vr EF X / 1 — \ 

\ 4096 / 

divided by the reference input resistance. 

Rpb: Feedback Resistor. The feedback resistor is provid- 
ed on the 1C chip for use as the shunt feedback resistor for 
the external op amp which is used to provide an output 
voltage for the DAC. This on-chip resistor should always 
be used (not an external resistor) since it matches the 
resistors which are used in the on-chip R-2R ladder and 
tracks these resistors over temperature. 

Vref: Reference Voltage Input. This input connects an ex- 
ternal precision voltage source to the internal R-2R ladder. 
Vref can be selected over the range of 1 0V to - 1 0V. This is 
also the analog voltage input for a 4-quadrant multiplying 
DAC application. 



a) End point test after zero 
and FS adjust 


V cc : Digital Supply Voltage. This is the power supply pin 
for the part. V cc can be from 5 V DC to 15 V DC . Operation is 
optimum for 15 V DC . 

AGND: Analog Ground. This is the ground for the analog 
circuitry. 

DGND: Digital Ground. This is the ground for the digital 
logic. 

Definition of Terms 

Resolution: Resolution is defined as the reciprocal of the 
number of discrete steps in the DAC output. It is directly 
related to the number of switches or bits within the DAC. 
For example, the DAC1208 has 2 12 or 4096 steps and 
therefore has 12-bit resolution. 

Linearity Error. Linearity error is the maximum deviation 
from a straight line passing through the endpoints of the 
DAC transfer characteristic. It is measured after adjusting 
for zero and full-scale. Linearity error is a parameter intrin- 
sic to the device and cannot be externally adjusted. 

National’s linearity test (a) and the best straight line test 
(b) used by other suppliers are illustrated below. The best 
straight line (b) requires a special zero and FS adjustment 
for each part, which is almost impossible for the user to 
determine. The end point test uses a standard zero FS ad- 
justment procedure and is a much more stringent test for 
DAC linearity. 

Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the 
DAC full-scale output. 

Settling Time: Full-scale current settling time requires 
zero to full-scale or full-scale to zero output change. Set- 
tling time is the time required from a code transition until 
the DAC output reaches within ± 1/2 LSB of the final out- 
put value. 

Full-Scale Error Full-scale error is a measure of the out- 
put error between an ideal DAC and the actual device out- 
put. Ideally, for the DAC1208 or DAC1230 series, full- 
scale is V REF -1 LSB. For V REF = 10V and unipolar opera- 
tion, V full . SC ale=10.0000V-2.44 mV = 9.9976V. Full- 
scale error is adjustable to zero. 

Differential Non-Linearity: The difference between any 
two consecutive codes in the transfer curve from the 
theoretical 1 LSB is differential non-linearity. 

Monotonic: If the output of a DAC increases for increas- 
ing digital input code, then the DAC is monotonic. A 12-bit 
DAC which is monotonic to 12 bits simply means that in- 
put increasing digital input codes will produce an increas- 
ing analog output. 



b) Shifting FS adjust to pass 
best straight line test 
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Application Hints 

1.0 DIGITAL INTERFACE 

These DACs are designed to provide all of the necessary 
digital input circuitry to permit a direct interface to a wide 
variety of microprocessor systems. The timing and logic 
level convention of the input control signals allow the 
DACs to be treated as a typical memory device or I/O peri- 
pheral with no external logic required in most systems. 
Essentially these DACs can be mapped as a two-byte 
stack in memory (or I/O space) to receive their 12 bits of in- 
put data in two successive 8-bit data writing sequences. 
The DAC1230 series is intended for use in systems with an 
8-bit data bus. The DAC1208 series provides all 12 digital 
input lines which can be externally configured to be con- 
trolled from an 8-bit bus or can be driven directly from a 
16-bit data bus. 


All of the digital inputs to these DACs contain a unique 
threshold regulator circuit to maintain TTL voltage level 
compatibility independent of the applied V cc to the DAC. 
Any input can also be driven from higher voltage CMOS 
logic levels in non-microprocessor based systems. To 
prevent damage to the chip from static discharge, all 
unused digital inputs should be tied to V cc or ground. As a 
troubleshooting aid, if any of the digital inputs are in- 
advertently left floating, the DAC will interpret the pin as a 
logic “1”. 

Double buffered digital inputs allow the DAC to internally 
format the 12-bit word used to set the current switching 
R-2R ladder network (see section 2.0) from two 8-bit data 
write cycles. Figures 1 and 2 show the internal data 
registers and their controlling logic circuitry. The timing 
diagrams for updating the DAC output are shown in sec- 
tions 1.1, 1.2 and 1.3 for three possible control modes. The 
method used depends strictly upon the particular 
application. 



FIGURE 1. DAC1208, DAC1209, DAC1210 Functional Diagram 



FIGURE 2. DAC1230, DAC1231, DAC1232 Functional Diagram 

________ _____ “ ~ ~ 



Application Hints (Continued) 

1.1 Automatic Transfer 

The 12-bit DAC word is automatically transferred to the DAC register and the R-2R ladder when the second write (the 4 LSBs of 
the data) occurs. 


DATA BUS 



VALID 


> 


< 


VALID 


> 


" \ / \ / 


BYTE 1/B YTE 2 
AND XFER 


WR1 AND WR2 


\ 


/ 


\ 


ANALOG OUTPUT 
UPDATED 


_ ANALOG OUTPUT 
LATCHED 


LOAD 8-BIT INPUT OVERWRITE THE 4-BIT 

LATCH (4-BIT INPUT INPUT LATCH AND TRANSFER 

LATCH ALSO CHANGED) ALL 12 BITS TO THE D/A 


1.2 Independent Processor Transfer Control 

In this case a separate address is decoded to provide the XFER signal. This allows the processor to load the next required 
DAC word but not chang e the a nalog output until some time later, most useful for the simultaneous updating of several DACs 
in a system where their XFER lines would be tied together. 


DATA BUS 


< 


VALID 


> 


< 


VALID 


>— 


■ — \ r 



BYTE 1/BYTE 2 


XFER 



\ / 

ANALOG OUTPUT 

i ^"UPDATED 

WrI AND WR2 

W 

Y_/ 

t y 

\ fi ANALOG OUTPUT 

\^_f LATCHED 


LOAD 8-BIT INPUT 

OVERWRITE 4-BIT 

TRANSFER12-BIT DAC 

LATCH (4-BIT INPUT 

LATCH ALSO CHANGED) 

1.3 Transfer via an External Strobe 

INPUT LATCH 

WORD TO THE D/A 


This method is basically the same as the previous operation except the XFER signal is provided by a device other than the 
processor. This allows the DAC to hold the code for a conditional analog output signal which will be required on demand from 
an external monitoring device (an analog voltage comparator for instance). 



BYTE 1/BYTE 2 


\ 


r 


JL 


\ / "W 


XFER 


\ 


LOAD 8-BIT INPUT 

,7=5*,. .. ... LATCH (4-BIT INPUT 

WR2 tied to a logic low (OV) latch also changed) 


OVERWRITE 4-BIT 
INPUT LATCH 


ANALOG OUTPUT UPDATED 
AND LATCHED 



8-195 


DAC1208, DAC1209, DAC1210, DAC1230, 
DAC1231, DAC1232 



DAC1208, DAC1209, DAC1210, DAC1230, 
DA Cl 231, DAC1232 


Application Hints (Continued) 

1.4 Left- Justified Data Format 

It is important to realize that the input registers of these 
DACs are arranged to accept a left-justified data word 
from the microprocessor with the most significant 8 bits 
coming first (Byte 1) and the lower 4 bits second. Left 
justification simply means that the binary point is as- 
sumed to be located to the left of the most significant bit. 
Figure 3 shows how the 12 bits of DAC data should be 
arranged in 2 8-bit registers of an 8-bit processor before 
being written to the DAC. 


1.5 16-Bit Data Bus Interface 

The DAC1208 series provides all 12 digital input lines to 
permit a direct parallel interface to a 16-bit data bus. In this 
instance, double buffering is not always necessary (un- 
less a simultaneous updating of several DACs or a data 
transfer via an external strobe is desired) so the 12-bit DAC 
register can be wired to flow-through whereby its Q out- 
puts always reflect the state of its D inputs. The external 
connections required and the timing diagram for this 
single buffered application are shown in Figure 4. Note 
that either left or right-justified data from the processor 
can be accommodated with a 16-bit data bus. 



X = don’t care 

FIGURE 3. Left-Justified Data Format 


1.6 Flow-Through Operation 

Through primarily designed to provide microprocessor 
interface compatibility, the MICRO-DACs can easily be 
configured to allow the analog output to continuously 
reflect the state of an applied digital input. This is most 
useful in applications where the DAC is used in a con- 
tinuous feedback control loop and is driven by a binary up- 
down counter, or in function generation circuits where a 
ROM is continuously providing DAC data. 



Interface Timing 


16-BIT / VALID S— — — 

data bus \ X 

rs " \ f~ 

Tjyoi ANALOG OUTPUT \ 4 ANALOG OUTPUT 

UPDATED ^ / LATCHED 

XFER and WR2 grounded; Byte 1/Byte 2 tied to Vcc- 

FIGURE 4. 16-Bit Data Bus Interface for the DAC1 208 Series 
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Application Hints (Continued) 

Only the DAC1208, DAC1209, DAC1210 devices can have 
all 1 2 inp uts fl ow-through. Simpl y gro unding CS, WR1, 
WR2 and XFER and tying Byte 1/Byte 2 high allows both 
internal registers to follow the applied digital inputs (flow- 
through) and directly affect the DAC analog output. 

1.7 Address Decoding Tips 

It is possible to map the MICRO-DACs into system ROM 
space to allow more efficient use of existing address 
decoding hardware. The DAC in effect could share the 
same addresses of any number of ROM locations. The 
ROM outputs will only be enabled by a READ of its address 
(gated by the system READ strobe) and the DAC will only 
accept data that is written to the same address (gated by 
the system WRITE strobe). 

The Byte 1/Byte 2 control function can easily be gener- 
ated by the processor’s least significant address bit (AO) 
by placing the DAC at two consecutive address locations 
and utilizing double-byte WRITE instructions which 
automa tically increment or decrement the address. The 
CS and XFER signals would then be decoded from the re- 
maining address bits. Care must be taken in selecting the 
actual address used for Byte 1 of the DAC to prevent a 
carry (as a result of incrementing the address for Byte 2) 
from propagating through the address wo rd and changing 
any of the bits being decoded for CS or XFER. Figure 5 
shows how to prevent this effect. 


The same problem can occur from a borrow when an auto- 
decremented address is used; but only if the processor’s 
address outputs are inverted before being decoded. 

1.8 Control Signal Timing 

When interfacing these MICRO-DACs to any micropro- 
cessor, there are two important time relationships that 
must be considered to insure proper operation. The first is 
the minimum WR strobe pulse width which is specified as 
320 ns for V cc = 11.4V to 15.75V and operation over temper- 
ature, but typically a pulse width of only 250 ns is ade- 
quate. A second consideration is that the guaranteed 
minimum data hold time of 90 ns should be met or errone- 
ous data can be latched. This hold time is defined as the 
length of time data must be held valid on the digital inputs 
after a qualified (via CS) WR strobe makes a low to high 
transition to latch the applied data. 

If the controlling device or system does not inherently 
meet these timing specs the DAC can be treated as a slow 
memory or peripheral and utilize a technique to extend the 
write strobe. A simple extension of the write time, by add- 
ing a wait state, can simultaneously hold the write strobe 
active and data valid on the bus to satisfy the minimum 
WR pulse width. If this does not provide a sufficient data 
hold time at the end of the write cycle, a negative edge trig- 
gered one-shot can be included between the system write 
strobe and the WR pin of the DAC. This is illustrated in 
Figure 6 for an exemplary system which provides a 250 ns 
WR strobe time with a data hold time of only 10 ns. 


Write 

Address Bits 

Cycle 

15 2 

1* 

o** 

First 
(Byte 1) 

Decoded to 

0 

1 

Second 
(Byte 2) 

Address DAC 

1 

0 


* Starting with a 0 prevents a carry on address incrementing. 
* * Used as Byte1/Byte2 Control 


FIGURES 



ANALOG 

OUTPUT 


°BUS X DATA VALID ) 

d 

.. NORMAL 

. ONE WAIT , 

M 

- SYSTEM DATA HOLD TIME (10 ns) 

SYSTEM 1 

WRITE STROBE j 

WRITE STROBE 
(250 ns) 

STATE 

(250 ns) j 





(OUTPUT OF 

ONE-SHOT) 

1 ! 

, 


-* DAC WR -H DAC —| 

PULSE WIDTH DATA HOLD TIME 

(350 ns) (160 ns) 


FIGURE 6. Accommodating a High Speed System 
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Application Hints (Continued) 

The proper data set-up time prior to the latching edge ( low 
to high transition) of the WR strobe, is insured if the WR 
pulse width is within spec and the data is valid on the bus 
for the duration of the DAC WR strobe. 

1.9 Digital Signal Feedthrough 

A typical digital/microprocessor is a tremendous poten- 
tial source of high frequency noise which can be coupled 
to sensitive analog circuitry. The fast edges of the data 
and address bus signals generate frequency components 
of 10’s of megahertz and may cause fast transients to 
appear at the DAC output, even when data is latched 
internally. 

In low frequency or DC applications, low pass filtering can 
reduce the magnitude of any fast transients. This is most 
easily accomplished by over-compensating the DAC out- 
put amplifier by increasing the value of its feedback 
capacitor. 


In applications requiring a fast output response from the 
DAC and op amp, filtering may not be feasible. In this 
event, digital signals can be completely isolated from the 
DAC circuitry, by the use of a DM74LS374 latch, until a 
valid CS signal is applied to update the DAC. This is 
shown in Figure 7. 

A single TRI-STATE® data buffer such as the DM81 LS95 
can be used to isolate any number of DACs in a system. 
Figure 8 shows this isolating circuitry and decoding hard- 
ware for a multiple DAC analog output card. Pull-up 
resistors are used on the buffer outputs to limit the imped- 
ance at the DAC digital inputs when the card , is not 
select ed. A unique feature of this card is that the DAC 
XFER strobes are controlled by the data bus. This allows 
a very flexible update of any combination of analog out- 
puts via a transfer word which would contain a zero in the 
bit position assigned to any of the DACs required to 
change to a new output value. 
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XFER FROM 
ADDRESS ) 
DECODER 
ADDRESS BIT 0 
LOW FOR BYTE 1 ) 
HIGH FOR BYTE 2 


t=o 


FIGURE 7. Isolating Data Bus from DAC Circuitry to Eliminate Digital Noise Coupling 


TRI-STATE® is a registered trademark of National Semiconductor Corp. 
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Application Hints (Continued) 



FIGURE 8. TRI-STATE® Buffers Isolate the Data and Control Lines from the DACs. A 
Transfer Word Provides a Flexible Update. 
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Application Hints (Continued) 

2.0 ANALOG APPLICATIONS 


The analog output signal for these DACs is derived from a 
conventional R-2R current switching ladder network. A 
detailed description of this network can be found on the 
DAC1000 series data sheet. Basically, output l 0UT1 
provides a current directly proportional to the product of 
the applied reference voltage and the digital Input word. A 
second output, l 0UT2 will be a current proportional to the 
complement of the digital input. Specifically: 


■outi = 


Vref D 
15k 4096 * 


I - VreF x 

'OUTZ- — X 


4095 - D 
4096 


where D is the decimal equivalent of the applied 12-bit 
binary word (ranging from 0 to 4095), V REF is the voltage 
applied to the V REF terminal and 15 kD is the nominal value 
of the internal resistance, R, of the R-2R ladder. 


2.1 Obtaining a Unipolar Output Voltage 


To maintain linearity of output current with changes in the 
applied digital code, it is important that the voltages at 
both of the current output pins be as near ground potential 
(0 V D c) as possible. With V REF = +10V every millivolt 
appearing at either Iquti or Iout 2 will cause a 0.01% 
linearity error. In most applications this output current is 
converted to a voltage by using an op amp as shown in 
Figure 9. 


The inverting input of the op amp is a virtual ground 
created by the feedback from its output through the inter- 
nal 15 kD resistor, R Fb . All of the output current (deter- 
mined by the digital input and the reference voltage) will 
flow through R Fb to the output of the amplifier. Two- 
quadrant operation can be obtained by reversing the 
polarity of V REF thus causing Iquti to flow into the DAC 
and be sourced from the output of the amplifier. The out- 
put voltage, in either case, is always equal to l 0UT1 x R Fb 
and is the opposite polarity of the reference voltage. 

The reference can be either a stable DC voltage source or 
an AC signal anywhere in the range from -10V to +10V. 
The DAC can be thought of as a digitally controlled attenu- 
ator: the output voltage is always less than the applied 
reference voltage. The V REF terminal of the device 
presents a nominal impedance of 15 kfi to ground to exter- 
nal circuitry. 

Always use the internal R Fb resistor to create an output 
voltage since this resistor matches (and tracks with tem- 
perature) the value of the resistors used to generate the 
output current (Iouti). 

The selected op amp should have as low a value of input 
bias current as possible. The product of the bias current 
times the feedback resistance creates an output voltage 
error which can be significant in low reference voltage 
applications. BI-FET™ op amps are highly recommended 
for use with these DACs because of their very low input 
current. 


FULL-SCALE ADJUST 



“ 4096 

for 0<D <4095 


FIGURE 9. Unipolar Output Configuration 


BI-FET™ is a trademark of National Semiconductor Corp. 
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Application Hints (Continued) 

Transient response and settling time of the op amp are 
important in fast data throughput applications. The larg- 
est stability problem is the feedback pole created by the 
feedback resistance, R Fb , and the output capacitance of 
the DAC. This appears from the op amp output to the (-) 
input and includes the stray capacitance at this node. 
Addition of a lead capacitance, C c in Figure 9, greatly 
reduces overshoot and ringing at the output for a step 
change in DAC output current. 

2.1.1 Zero and Full-Scale Adjustments 

For accurate conversions, the input offset voltage of the 
output amplifier must always be nulled. Amplifier offset 
errors create an overall degradation of DAC linearity. 

The fundamental purpose of zeroing is to make the volt- 
age appearing at the DAC outputs as near 0 V DC as possi- 
ble. This is accomplished by shorting out Rp b , the 
amplifier feedback resistor, and adjusting the v os nulling 
potentiometer of the op amp until the output reads zero 
volts. This is done, of course, with an applied digital code 
of all zeros if Iquti is driving the op amp (all ones for I 0 ut 2 )- 
The short around R Fb is then removed and the converter is 
zero adjusted. 

A unique feature of this series of DACs is that the full- 
scale or gain error is guaranteed to be negative. The gain 
error specification is a measure of how close the value of 


the internal feedback resistor, R Fb , matches the R-2R 
ladder resistors. A negative gain error indicates that R Fb is 
a smaller resistance value than it should be. To adjust this 
gain error, some resistance must always be added in 
series with R Fb . The 5(H) potentiometer shown is sufficient 
to adjust the worst-case gain error for these devices. 


2.2 Bipolar Output Voltage from a Fixed Reference 

The addition of a second op amp to the unipolar output cir- 
cuit can generate a bipolar output voltage from a fixed 
reference voltage. This, in effect, gives sign significance 
to the MSB of the digital input word to allow two quadrant 
multiplication of the reference voltage. The polarity of the 
reference can also be reversed to realize full 4-quadrant 
multiplication. This circuit is shown in Figure 10. 

This configuration features several improvements over 
existing circuits for a bipolar output shown with other 
multiplying DAGs. Only the offset voltage of amplifier 1 
affects the linearity of the DAC. The offset voltage error of 
the second op amp (although a constant output error) has 
no effect on linearity. In addition, this configuration offers 
a non-interactive positive and negative full-scale calibra- 
tion procedure. 


(+FULL-SCALE 



Input Code 

Ideal Vqut j 

MSB LSB 

+ V REF 

-Vref 

111111111111 

V REF -1 LSB 


-IVrefI +1LSB 

1 10000000000 

Vref/2 


-|Vref|/2 . 

100000000000 

0 


0 

011111111111 

-1 LSB 


+ 1 LSB 

001111111111 

- V -5L f -ilsb 


I v refI . 

~ 2~ +1LSB 

000000000000 

-Vref 


+ IVrefI 


FIGURE 10. Bipolar Output Voltage Configuration 
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Application Hints (Continued) 

2.2.1 Zero and Full-Scale Adjustments 

To calibrate the bipolar output circuit, three adjustments 
are required. The first step is to set all of the digital input 
LOW (to force Iquti t0 0) then null the V 0 s of amplifier 1 by 
setting the voltage at its inverting input (pin 2) to zero volts. 
Next, with a code of all zeros still applied, adjust “-full- 
scale adjust”, the reference voltage, for V 0UT = ± |V REF 
ideal | . The polarity of the output voltage at this time will 
be opposite that of the applied reference. Finally, set all of 
the digital inputs HIGH and adjust “ + full-scale adjust” for 


The polarity of the output will be the same as that of the 
reference voltage. 

3.0 APPLICATION IDEAS 

In this section the digital input word is represented by the 
letter D and is equal to the decimal equivalent of the 12-bit 
binary input. Hence D can be any integer value betwefen 0 
and 4095. 


Composite Amplifier for Good DC Characteristics and Fast Output Response 



Ik 
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DAC1218, DAC1219 



National 

Semiconductor 


A to D, D to A 

PRELIMINARY 


DAC1218, DAC1219 12-Bit Binary Multiplying D/A Converter 


General Description 

The DAC1218 and the DAC1219 are 12-bit binary, 
4-quadrant multiplying D to A converters. The linearity, dif- 
ferential non-linearity and monotonicity specifications for 
these converters are all guaranteed over temperature. In 
addition, these parameters are specified with standard 
zero and full-scale adjustment procedures as opposed to 
the impractical best fit straight line guarantee. 

This level of precision is achieved through the use of an 
advanced silicon-chromium (SiCr) R-2R resistor ladder 
network. This type of thin-film resistor eliminates the 
parasitic diode problems associated with diffused 
resistors to allow the applied reference voltage to range 
from -25 V to 25V, independent of the logic supply 
voltage. 

CMOS current switches and drive circuitry are used to 
achieve low power consumption (20 mW typical) and 
minimize output leakage current errors (10 nA maximum). 
Unique digital input circuitry maintains TTL compatible 
input threshold voltages over the full operating supply 
voltage range. 

The DAC1218 and DAC1219 are direct replacements for 
the AD7541 series, AD7521 series, and AD7531 series with 
a significant improvement in the linearity specification. In 
applications where direct interface of the D to A converter 
to a microprocessor bus is desirable, the DAC1208 and 
DAC1230 series eliminate the need for additional 
interface logic. 


Features 

■ Linearity specified with zero and full-scale adjust only 

■ Logic inputs which meet TTL voltage level specs (1.4V 
logic threshold) 

■ Works with ±10V reference — full 4-quadrant 
multiplication 

■ All parts guaranteed 12-bit monotonic 


Key Specifications 

■ Current SettlingTime 

■ Resolution 

■ Linearity (Guaranteed 

over temperature) 

■ GainTempco 

■. Low Power Dissipation 

■ Single PowerSupply 


Ins 
12 Bits 
12 Bits(DAC1218) 
11 Bits(DAC1219) 
1.5ppm/°C 
20 mW 
5V DC to15 V DC 


Typical Application 


Connection Diagram 



ANALOG 

OUTPUT 


\/ x/ / A1 , A2 , A3 . A12 \ 

v OUT= -VreF I — + — + — + ) 

\ 2 4 8 4096 ) 

where: AN = 1 if digital input is high 
AN = 0 if digital input is low 


Dual-ln-Line Package 



Order Number DAC1218LD, DAC1218LCD, 
DAC1219LD or DAC1219LCD 
See NS Package D18A 
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Absolute Maximum Ratings (Notes 1 and 2) Operating Ratings 


Supply Voltage (V cc ) 17V 0C Temperature Range 

Voltageat Any Digital Input V cc toGND DAC1218LD, DAC1219LD -55°Cto +12£ 

Voltage at V REF Input ±25V DAC1218LCD, DAC1219LCD -40°Cto + 8£ 

Storage Temperature Range -65°Cto + 150°C RangeofV cc 5V D cto16\ 

PackageDissipationatT A = 25°C(Note3) 500mW Voltage at Any Digital Input VcctoGI 

DC Voltage Applied to l 0UT1 or I 0 ut2 - 100 mV to V cc 
(Note 4) 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics T A = 25°C, V ref = 10.000 V dc , V cc = 11.4 V DC to 15.75 V DC unless otherwise noted. 

Parameter Conditions Min Typ Max Units N< 

Resolution 12 12 12 Bits 


RangeofV C c 

Voltage at Any Digital Input 


55°Cto +125°C 
-40°Cto + 85°C 

5 Vqc to 16 Vdc 
V cc toGND 


Linearity Error 
(End Point Linearity) 


Differential Non-Linearity 


Monotonicity 


Gain Error Tempco 

Power Supply Rejection 
Reference Input Resistance 
Output Feedthrough Error 

Output Capacitance 


Supply Current Drain 
Output Leakage Current 
•outi 

*OUT 2 

Output Leakage Current 
•outi 
•ouT2 

Digital Input Threshold . 


Digital Input Currents 


Current Settling Time 


Zero and Full-Scale 
Adjusted 

t min< t a<Tmax 

-10V<V REF <10V 

DAC1218 

DAC1219 

Zero and Full-Scale 

Adjusted 

Tmin<T a <T M ax 

-10V<V REF <10V 

DAC1218 

DAC1219 

Tmin<T a <Tmax 

-10V<V REF <10V 

Using Internal R Fb 
— 10V < V REF < 1 ov 

t min< t a<Tmax 
Using Internal R Fb 

All Digital Inputs High 


V ref = 20 Vp-p, f = 100 kHz 
All Data Inputs Low 
D Package 

All Data Inputs I 0 uti 
High f out2 

All Data Inputs Iquti 
Low Iout 2 

t min^ t a^T max 
- 40°C to +85°C 
All Data Inputs Low 
All Data Inputs High 
-55°C to +125°C 
All Data Inputs Low 
All Data Inputs High 

Tmin^Ta^Tmax 
Low Threshold 
High Threshold 

T M | N <T a <T M ax 
D igital Inputs <0.8V 
Digital Inputs >2.0V 

R L = 1000, Output Settled 
to 0.01%, All Digital Inputs 
Switched Simultaneously 
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Typ 

Max 

Units 

Notes 

12 

12 

Bits 

4,7 




6 




5 


0.012 

% of FSR 



0.024 

% of FSR 

4,7 




6 




5 


0.012 

% of FSR 



0.024 

% of FSR 

4,6 

12 

12 

Bits 

5 

-0.01 

0.0 

% of FSR 

5,7 




6,7 

±1.3 

±6.0 

ppm of FS/°C 

9 

±3.0 


ppm of FSR /V 

7 

15 

20 

kfi 


3 


mVp-p 


3 


mVp-p 

8 

200 


PF 


70 


PF 


70 


PF 


200 


pF 


1.2 

2.0 

mA 

6 




6,10 


10 

nA 



10 

nA 



100 

nA 



100 

nA 

6 


0.8 

o 

O 

> 




o 

Q 

> 

6 

-50 

-200 

mAdc 


0.1 

10 

^Adc 


1 


(is 
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Electrical Characteristics Notes 


Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. These specifications are not meant to 
imply that the devices should be operated at these “Absolute Maximum” limits. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: This 500 mW specification applies for all packages. The low intrinsic power dissipation of this part (and the fact that there is no way to significantly 
modify the power dissipation) removes concern for heat sinking. 

Note 4: Both louTI and l OUT2 must 9° to ground or the virtual ground of an operational amplifier. The linearity error is degraded by approximately 
Vos + Vref- For example, if Vref = fOV then a 1 mV offset, Vqs> on , OUT1 or *OUT2 wil1 introduce an additional 0.01 % linearity error. 

Note 5: Guaranteed at Vref = ± 10 Vqq and Vref — ± 1 Vqc- 
Note 6: Tmjn = -40°C and T ^x = 85 ° c for “LCD” suffix parts. 

Note 7: The unit FSR stands for full-scale range. Linearity Error and Power Supply Rejection specs are based on this unit to eliminate dependence on a par- 
ticular Vref value to indicate the true performance of the part. The Linearity Error specification of the DAC1218 is 0.012% of FSR. This guarantees that after 
performing a zero and full-scale adjustment, the plot of the 4096 analog voltage outputs will each be within 0.012% x Vref of a straight line which passes 
through zero and full-scale. The unit ppm of FSR (parts per million of full-scale range) and ppm of FS (parts per million of full-scale) are used for convenience to 
define specs of very small percentage values, typical of higher accuracy converters. 1 ppm of FSR = Vref/ 10 6 is the.conversion factorto provide an actual out- 
put voltage quantity. For example, the gain error tempco spec of ± 6 ppm of FS/°C represents a worst-case full-scale gain error change with temperature from 
— 40°C to +85°C of ±(6)(V RE F/10 6 )(125°C)or ±0.75 (10 -3 ) Vref which is ± 0.075% of Vr E F- 

Note 8: To achieve this low feedthrough in the D package, the user must ground the metal lid. If the lid is left floating the feedthrough is typically 6 mV. 
Noie 9: Guaranteed by design but not tested. 

Note 10: A 10 nA leakage current with Rpb = 20k and Vref = 1Q V corresponds to a zero error of (10 x 10“ 9 x 20 x 10 3 ) x 100 V. 10V or 0.002% of FS. 


Typical Performance Characteristics 


Digital Input Threshold 
vs V cc 


1.6 [t a = _40°C- 


1.2 T A = 25°C> 

t a =w4 


V C c -SUPPLY VOLTAGE (V) 

Gain and Linearity Error 
Variation vs Temperature 



-55 -35 -15 5 25 45 65 85 105 125 

T a - AMBIENT TEMPERATURE (°C) 


Digital Input Threshold vs 
Temperature 



-35-15 5 25 45 65 85 

T a - AMBIENT TEMPERATURE (°C) 

Gain and Linearity Error 
Variation vs Supply Voltage 



- 


□ 

“ 

t a = 

25° C 

— 

I 1 1 

— A LINEARITY 

n 

ERROR — 

LJ 

— 


AGAIN ERROR 

























Vcc -SUPPLY VOLTAGE (V DC ) 


Definition of Package Pinouts 

A1 to A12: Digital Inputs. A12 is the least significant 
digital input (LSB) and A1 is the most significant digital 
input (MSB). 

Iouti : DAC Current Output 1. I 0UT1 is a maximum for a 
digital input of all Is, and is zero foradigital input of allOs. 

*0UT2 : dac Current Output 2. I 0 ut 2 is a constant minus 
•outi» or ( outi + •ouT 2 = constant (for a fixed reference 
voltage). 

R Fb : Feedback Resistor. The feedback resistor is provid- 
ed on the 1C chip for use as the shunt feedback resistor for 
the external op amp which is used to provide an output 
voltage for the DAC. This on-chip resistor should always 


be used (not an external resistor) since it matches the 
resistors which are used in the on-chip R-2R ladder and 
tracks these resistors over temperature. 

V REF : Reference Voltage Input. This input connects to an 
external precision voltage source to the internal R-2R lad- 
der. Vr E f can be selected over the range of 10V to -10V. 
This is also the analog voltage input for a 4-quadrant 
multiplying DAC application. 

V C c'- Digital Supply Voltage. This is the power supply pin 
for the part. V C c can be from 5 V DC to 15 V DC . Operation is 
optimum for 15 V DC . 

GND: Ground. This is the ground for the circuit. 
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Definition of Terms 

Resolution: Resolution is defined as the reciprocal of the 
number of discrete steps in the DAC output. It is directly 
related to the number of switches or bits within the DAC. 
For example, the DAC1218 has 2 12 or 4096 steps and 
therefore has 12-bit resolution. 

Linearity Error: Linearity error is the maximum deviation 
from a straight line passing through the endpoints of the 
DAC transfer characteristic. It is measured after adjusting 
for zero and full-scale. Linearity error is a parameter intrin- 
sic to the device and cannot be externally adjusted. 

National’s linearity test (a) and the best straight line test 
(b) used by other suppliers are illustrated below. The best 
straight line (b) requires a special zero and FS adjustment 
for each part, which is almost impossible for the user to 
determine. The end point test uses a standard zero FS ad- 
justment procedure and is a much more stringent test for 
DAC linearity. 

Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the 
DAC full-scale output. 



a) End point test after zero 
and FS adjust 


Settling Time: Full-scale current settling time requires 
zero to full-scale or full-scale to zero output change. Set- 
tling time is the time required from a code transition until 
the DAC output reaches within ± 1/2 LSB of the final out- 
put value. 

Full-Scale Error: Full-scale error is a measure of the out- 
put error between an ideal DAC and the actual device out- 
put. Ideally, for the DAC1218 full-scale is V REF -1 LSB. For 
V REF =10V and unipolar operation, V F ull-scale = 
1 0.0000V- 2.44 mV = 9.9976V. Full-scale error is adjustable 
to zero. 

Differential Non-Linearity: The difference between any 
two consecutive codes in the transfer curve from the 
theoretical 1 LSB is differential non-linearity. 

Monotonic: If the output of a DAC increases for increas- 
ing digital input code, then the DAC is monotonic. A 12-bit 
DAC which is monotonic to 12 bits simply means that in- 
put increasing digital input codes will produce an increas- 
ing analog output. 



b) Shifting FS adjust to 
pass best straight line 
test 
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DA Cl 280 A, DAC1280 



National 

Semiconductor 


A to D, D to A 


DAC1280A, DAC1280 12-Bit Digital-to-Analog Converters 


General Description 

The DAC1280 series is a family of precision, low cost, fully 
self-contained digital-to-analog converters. The devices 
include 12 precision current switches, a 12-bit thin film 
resistor network, output amplifier, buffered internal 
reference, and several precision resistors, which allow the 
user to tailor his system needs to accommodate a variety 
of bipolar and unipolar output voltage and current ranges. 
Logic inputs are TTL, DTL and CMOS compatible, and are 
complementary binary (CBI) format. In all instances, a 
logic low (<0.8V) turns a given bit ON, and a logic high 
(>2V) turns a given bit OFF. Internally supplied resistor 
options provide low drift bipolar output voltage ranges of 
± 2.5V, ± 5V, ± 10V, and unipolar ranges of 0V to 5V or 0V 
to 10V. Current mode output is 0 mA to 2 mA. 


Features 

■ Completely self-contained with internal reference and 
output amplifier 

■ High reliability exact replacement for DAC80-CBI-V or 
DAC80Z-CBI-V 

■ ± 1/2 LSB linearity max over 0°C1o 70°C temperature 
range for DAC1280A 

■ ± 2.5V, ±5V, ± 10V, 0V to 5V,0V to 10V voltage outputs 

■ 0 mA to 2 mA current output 

■ Fast settling time: 300 ns current mode; 2.5 voltage 
mode 

■ Standard 24-pin 1C package 

■ Low cost 

■ TTL CMOS compatible binary input logic over 
temperature 



1 2 3 4 5 6 7 8 9 10 It 12 

(MSB) (LSB) 

Connection Diagram Dual-In-Line Package 



Order Number DAC1280ACD 
See NS Package D24G 


TOP VIEW 


8-208 




Absolute Maximum Ratings 

Supply Voltage(V + and V - ) ± 18V Short-Circuit Duration (Pins 15, 20 and 24) Continuous 

Current Output (Pin 20) Voltage Compliance ± 10V Operating Temperature Range 0°C to +70°C 

Logic Input Voltage -0.7V, 10V Storage Temperature Range -65°Cto +150°C 

Reference Input Voltage (V REF ) 0V, 18V Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics 

T a = 0°C to 70°C, V s = ± 11.4V to ± 15.75V for DAC1280A, V s = ±15V for DAC1280 unless otherwise noted. 

Parameter 

Conditions 

DAC1280A 

DAC1280 

Units 

Min 

Typ 

(Note 1) 

Max 

Min 

Typ 

(Note 1) 

Max 

CONVERTER CHARACTERISTICS 

Resolution 


12 



12 



Bits 

Linearity Error 

T a = 25°C 


±1/4 

±1/2 


±1/4 

±1 . 

LSB 




±1/2 



±2 

Differential Non-Linearity 



±1/2 

±3/4 


±1/2 


Monotonicity 


12 



11 

12 


Bits 

Full-Scale (Gain) Error 

T a = 25°C (Note 2) 


±0.1 

±0.3 


±0.1 


% FSR 
(Note 3) 

Zero-Scale (Offset) Error 

T A = 25°C (Note 2) 


±0.02 

±0.15 


±0.02 


Full-Scale (Gain) Tempco 

Internal Reference 


±15 

±30 


±15 


ppm/°C 

External Constant 
Reference 


±5 

±7 


±5 


Zero-Scale (Offset) Tempco 

Unipolar 


±1 

±3 


±1 


ppm 

FSR/°C 

Bipolar 


±3 

±10 


±3 


Total Bipolar Tempco (Note 4) 

Includes Gain, Offset, 
and Linearity 


±10 

±20 


±10 


Total Error (Note 5) 

Unipolar 


±0.08 

±0.15 


±0.08 


% FSR 

Bipolar 


±0.06 

±0.10 


±0.06 


Output Voltage Range 

Using Internally Supplied 
Resistors (Note 6) 

± 2.5V, ± 5V, ± 10V, 0V to 5V, 0V to 10V 

V 

Output Voltage Swing 

R L >5 kfi, Pin 15 

±10 



±10 



Output Short Circuit Current 

Pin 15 

±5 

±25 

±50 

±5 

±25 

±50 

mA 

Output Resistance 

Pin 15, Closed Loop 


0.05 



0.05 


n 

Current Mode Output Range 

Unipolar, Pin 20 


Oto -2 



Oto -2 


mA 

Bipolar, Pin 20 


±1.0 



±1.0 


Current Mode Compliance 




±2.5 



±2.5 

V 

Current Mode Output 
Impedance 

Unipolar 


2 



2 


kfi 

Bipolar 


1.5 

' 


1.5 


REFERENCE CHARACTERISTICS 

Reference Voltage 



6.2 



6.2 


V 

Tempco of Drift 


u 

±10 



±10 

Hi 

ppm/°C 

External Use Current 




mu 




mA 

Output Resistance 



0.05 

to 


0.05 

1.0 

Q 
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Electrical Characteristics (Continued) 

T A = 0°C to 70°C, V s = ± 11.4V to ± 15.75V for.DAC1280A, V s = ± 15V for DAC1280 unless otherwise noted. 




DAC1280A 

DAC1280 


Parameter 

Conditions 

Min 

Typ 

(Note 1) 

Max 

Min 

Typ 

(Note 1) 

Max 

Units 


DIGITAL AND DC CHARACTERISTICS 


Logic “1” Input Voltage 
(Bit OFF) 


2.0 



2.0 



V 

Logic “0” Input Voltage 
(Bit ON) 




0.8 



0.8 

Logic “1” Input Current 

V in = 2.5V 


0.05 

1 


0.05 

1 

fa 

Logic “0” Input Current 

> 

o 

II 

2 

> 



-100 



-100 

Power Supply Current 

l*,T A = 25“C 


10 

18 


10 


mA 

1 ”, T A = 25°C 


25 

30 


25 


Power Supply Sensitivity 



0.001 v 

0.002 


0.001 


% FSR /%V 


AC CHARACTERISTICS 


Voltage Mode Settling Time 

1 LSB Change 


400 



400 


ns 

FSR Change 

10V 


2.5 



2.5 


(IS 

20V 


4 



4 


Voltage Mode Slew Rate 

T A = 25°C 

10 

15 



15 


V/pts 

Current Mode Settling Time 

100 to 100n Load 


300 



300 


ns 


Notel: All typical values are for T A = 25°C. 

Note 2: Externally adjustable to zero. 

Note 3: FSR means “full-scale range” and is 20V for ± 10V range, 10V for ±5V, etc. 

Note 4: See paragraph 2.0 for definition. 

Note 5: With gain and offset errors adjusted to zero at 25°C 

Note6: ± Vs must have absolute value2V greater than Vqut- Output voltage ranges -10V to + lOVandOVto + lOVare not recommended with Vs less than 12V. 


1.0 Definition of Terms 

1.1 Accuracy 

Accuracy of a D/A converter is the difference between the 
actual analog output that is measured when a given digital 
code is applied and the analog output that is expected 
with that code applied to the converter. Accuracy errors 
can be specified by the three parameters of gain or full- 
scale error, zero-scale or offset error, and linearity error. 

1.2 Linearity Error 

Linearity error is the maximum deviation from a straight 
line passing through the endpoints of the DAC transfer 
characteristic. It is measured after adjusting for zero and 
full-scale. Linearity error is a parameter intrinsic to the 
device and cannot be externally adjusted. 

1.3 Differential Linearity Error and Monotonicity 

Differential linearity error of a D/A converter is the devia- 
tion from an ideal 1 LSB voltage change from one adjacent 
output state to the next. A differential linearity error 
specification of ± 1/2 LSB means that the output voltage 


step sizes can range from 1/2 LSB to 3/2 LSB when the 
input changes from one adjacent input state to the next. 
Monotonicity is guaranteed in the DAC1280A and 
DAC1280 to ensure that the analog output will not 
decrease with increasing input digital codes. 

1.4 GainTempco 

Gain tempco is a measure of the change in the full-scale 
range output over temperature expressed in parts per 
million per °C (ppm/°C). 

1.5 Offset Tempco 

Offset tempco is a measure of the actual change in output 
with all.‘T’s on the input over the specified temperature 
range. The offset is measured at 0°C, 25°C and 70°C. The 
maximum change in offset is referenced to the offset at 
25°C and is divided by the temperature range. This offset 
change is expressed in parts per million of full-scale range 
per °C (ppm of FSR/°C). 
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1.6 Settling Time 

Settling time for each DAC1280A or DAC1280 is the total 
time (including slew time) required for the output to settle 
within an error band around its final value after a change in 
input (Figures 1 and 2). 




FIGURE 2. Voltage Mode Settling Time-1 USB Change 


Voltage Output. Three settling times are specified to 
±0.01% of full-scale range (FSR); two for maximum full- 
scale range changes of 20V, 10V and one for a 1 LSB 
change. The 1 LSB change is measured at the major carry 
(01 11. ..11 to 1000. ..00), the point at which the worst case 
settling time occurs. 

Current Output. Settling time is specified to ± 0.01 % of 
FSR. This is given with a range of resistive loads: 100 to 
iooa 

1.7 Compliance 

Compliance voltage is the maximum voltage swing al- 
lowed on the current output pin (pin 20). Note that the 
absolute current offset error with any DAC will be in- 
creased by an amount given by Vqut/Rout- ,n many situa- 
tions this will be a significant error term if the voltage on 
the current output pin is allowed to exceed a few millivolts. 

1.8 Power Supply Sensitivity 

Power supply sensitivity is a measure of the effect of a 
power supply change on the D/A converter output. It is 


defined as a percent of FSR per percent of change in either 
the positive, negative, or logic supplies about the nominal 
power supply voltages. 


1.9 Reference Supply 

The DAC1280A and DAC1280 are supplied with an internal 
6.2V reference voltage supply. This voltage (pin 24) is 
accurate to ±2% and must be connected to the 
Reference Input (pin 16) for specified operation. This 
reference may also be used externally with external cur- 
rent drain limited to 2.5 mA. All gain adjustments should 
be made under constant load conditions. 

2.0 Analyzing Device Accuracy Over 
the Temperature Range 

For the purposes of temperature drift analysis, the major 
device components are shown in Figure 3. The reference 
element and buffer amplifier drifts are combined to give 
the total reference temperature coefficient, which is 
specified as ±20 ppm/°C maximum for the DAC1280A. 
The input reference current to the DAC, l REF , is developed 
from the internal reference and will show the same drift 
rate as the reference voltage. The DAC output current, 
l DAC , which is a function of the digital input code, is 
designed to track l REF ; if there is a slight mismatch in 
these currents over temperature, it will contribute to the 
gain TC. The bipolar offset resistor, R BP , and gain setting 
resistor, R GA(N , also have temperature coefficients which 
contribute to system drift errors. The input offset voltage 
drift of the output amplifier, OA, also contributes a small 
error. 



FIGURE 3. Bipolar Configuration 


There are three types of drift errors over temperature: off- 
set, gain, and linearity. Offset drift causes a vertical 
translation of the entire transfer curve; gain drift is a 
change in the slope of the curve; and linearity drift 
represents a change in the shape of the curve. The com- 
bination of these three drifts results in the complete 
specification for total error over temperature. 

Total error is defined as the deviation from a true straight 
line transfer characteristic from exactly zero at a digital in- 
put which calls for zero output to a point which is defined 
as full-scale. A specification for total error over tempera- 
ture assumes that both the zero and full-scale points have 
been trimmed for zero error at 25°C. Total error is normally 
expressed as a percentage of the full-scale range. In the 
bipolar situation, this means the total range from - V FS to 

+ V FS- 
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2.1 Monotonicity and Linearity 

The initial linearity error and the differential linearity error 
guarantee monotonic performance over the range of 0°C 
to 70°C. It can therefore be assumed that linearity errors 
are insignificant in computation of total temperature 
errors. 

2.2 Unipolar Errors 

Temperature error analysis in the unipolar mode is 
straightforward: there is an offset drift and a gain drift. The 
offset drift, which comes from leakage currents and drift 
in the output amplifier, causes a linear shift in the transfer 
curve as shown in Figure 4. The gain drift causes a change ? 
in the slope of the curve and results from reference drift, 
DAC drift, and drift in Rqain relative to the DAC resistors. 

2.3 Bipolar Range Errors 

The analysis is slightly more complex in the bipolar mode. 

In this mode R B p is connected to the summing node of the 


output amplifier (see Figure 3) to generate a current which 
exactly balances the current of the MSB so that the output 
voltage is zero with only the MSB on. 

Note that if the DAC and application resistors track per- 
fectly, the bipolar offset drift will be zero even if the 
reference drifts. A change in the reference voltage, which 
causes a shift in the bipolar offset, will also cause an 
equivalent change in l REF and thus l DA c, so that I D ac will 
always be exactly balanced by l B p with the MSB turned on. 
This effect is shown in Figure 6. The net effect of the 
reference drift then is simply to cause a rotation in the 
transfer around bipolar zero. However, consideration of 
second order effects (which are often overlooked) reveals 
the errors in the bipolar mode. The unipolar offset drifts 
discussed before will have the same effect on the bipolar 
offset. A mismatch of R BP to the DAC resistors is usually 
the largest component of bipolar drift. Gain drift in the 
DAC also contributes to bipolar offset drift, as well as full- 
scale drift. In the bipolar ranges, full-scale is defined as 
the total range from -V F sto +V FS . 




FIGURE 4. Unipolar and Bipolar Drifts 


1mA 



1mA 
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3.0 Applications and Functional 
Description 

3.1 Voltage Mode Operation 

The D AC 1280 A and DAC1280 D/As provide internal scaling 
resistors which permit a wide range of bipolar and uni- 
polar output configurations. Bipolar output formats of 
± 2.5 V, ± 5V, ± 10V and unipolar formats of 0V to 5V and 
0V to 10V are possible using resistor strap options in- 
cluded within the'device. Table I and Figures 5, 6 and 7 
summarize the proper pin connections required for these 
formats. 

3.2 Current Mode Operation 

Current mode applications which make use of an external 
op amp, comparator, or a resistive load are possible with 


the DAC1280 series using pin 20. When an external op amp 
is used, the internal scaling resistors should be utilized to 
minimize full-scale drift. Configurations shown in Table I 
apply directly. Figure 8 shows one application using an ex- 
ternal fast operational amplifier. 

Current mode operation into a resistive load or open cir- 
cuit must account forthe DACs nominal output resistance 
of 2k at pin 20. With this in mind, the output will swing 0V 
to - 4 V open circuit and about - 1.5V to + 1.5V with the 
bipolar offset resistor connected. An external load 
resistor may be used as part of the load, but there will be 
an error due to temperature coefficients mistracking. 


TABLE I. Output Voltage/Current Ranges for DAC1280 Series 


Output 

Voltage 

Range 

Digital Input 

Code 

Connect 
Pin 15 to 

Connect 
Pin 16 to 

Connect 
Pin 17 to 

Connect 
Pin 19 to 

±10V 

Complementary Offset Binary 

19 

24 

20 

15 

±5V 

Complementary Offset Binary 

18 

24 

20 

NC 

±2.5V 

Complementary Offset Binary 

18 

24 

20 

20 

10V 

Complementary Binary 

18 

24 

21* 

NC 

5V 

Complementary Binary 

18 

24 

21* 

20 

± 1 mA 

Complementary Offset Binary 

NC 

24 

20 

NC 

-2 mA 

Complementary Binary 

NC 

24 

21* 

NC 


* Optional, no connection necessary 



(OPTIONAL) 



VoUT = (0 m A to 1 .9995 m A) (R20) 

= (0 mA to 1.9995 mA) (5k) 

= 0V to 9.9976V 
1 LSB =2.44 mV 

FIGURE 7. 10V Unipolar Operation FIGURE 8. ± 10V Bipolar Operation 

with External Operational Amplifier 



8-213 


DAC1280A, DAC1280 




DAC1280A, DAC1280 


3.3 Offset and Full-Scale Adjust 

The DAC1280 series may be offset and full-scale adjusted 
using the circuit shown in Figure 9. Offset voltage should 
be adjusted first. A logic “1” (> 2V) should be applied to all 
logic inputs. In bipolar mode, the offset is adjusted to 
equal minus full-scale. In unipolar mode, the offset is ad- 
justed to read OV at the output. Full-scale is then adjusted 
by applying a logic “0” (<0.8V) to all inputs for operation. 
The range of R1 and R2 shown in Figure 9 is approximately 
± 0.2% of full-scale for the values shown. 

A 30 second “warm-up” period should be allowed (after 
power turn-on) before making the above adjustments. 


3.4 Logic Input Coding 

The logic inputs to the DAC1280 series are complemen- 
tary; i.e., a given bit is turned ON by an active low input. 
Table II summarizes input status for unipolar and bipolar 
codes. 

3.5 Reference Supply 

The DAC1280 series is supplied with an internal 6.2V 
reference regulator (pin 24). In order to obtain the specified 
unadjusted performance, the reference output (pin 24) 
should be connected to the reference input (pin 16). An ex- 
ternal reference voltage may be used with the DAC1280 
series if provision is made to calibrate full-scale as shown 
in Figure 9. Since the reference is buffered, it may be used 
externally at currents up to 2.5 mA. 



FIGURE 9. External Adjustment and Voltage Supply Connection Diagram 


TABLE II 


Code Type 

Input Code (Note 7) 

MSB LSB 

Output 

State 

Unipolar Output Ranges 

0V to 10V 

0V to 5V 

0 mA-2 mA 

0 mA-1.25 mA 

Unipolar f 

000000000000 

Full-Scale 

9.9976V 

4.9988V 

-1.9995 mA 

Complementary 

111111111110 

1 LSB ON 

0.0024V 

0.0012V 

-0.0005 mA 

Binary 

111111111111 

Zero-Scale 

0.0000V 

0.0000V 

0.0000 mA 

Code Type 

Input Code (Note 7) 

MSB LSB 

Output 

State 

Bipolar Output Voltage Ranges 


±5V 

± 2.5V 

±1 mA 

Bipolar 

000000000000 

Full-Scale 

9.9951V 

4.9976V 

2.4988V 

- 0.9995 mA 

Complementary 

0 11111111111 

Half-Scale 

0.0000V 

0.0000V 

0.0000V 

0.0000 mA 

Binary 

111111111110 

1 LSB ON 

-9.9951V 

-4.9976V 

-2.4988V 

0.9995 mA 

111111111111 

Zero-Scale 

-10.0000V 

- 5.0000V 

-2.5000V 

1.0000 mA 


Note 7: Logic input sense is such that an active low (V|n <0.8V) turns a given bit ON and is represented as a logic “0” in the table. 
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3.6 Logic Input Compatibility 

The design of the current mode switches in the DAC1280 
series gives the device true TTL compatibility. It is TTL 
compatible over the entire operating temperature range 
and is independent of the reference voltage and V cc . Fur- 
thermore, since the input breakdown ratings are in excess 
of 10V, the DAC1280 series may be driven directly from 
high (or low) voltage CMOS. 

3.7 ± 12 Volt Supply Operation 

The DAC1280A will operate with supply voltages as low as 
± 11.4V. It is recommended that output voltage ranges 
-10V to +10V and 0V to 10V not be used with the 


DAC1280A if the supply voltages are ever less than the 
recommended ± 12V. The output amplifier may saturate if 
IVsupplyHVout maximum) < 2.0V. 

3.8 Power Supply Connections 

For optimum performance power supply decoupling 
capacitors should be added as shown in the connection 
diagrams (Figure 5). These capacitors (1 ^F electrolytic 
recommended) should be located close to the DAC1280A 
or DAC1280. Electrolytic capacitors, if used, should be 
paralleled with 0.01 /xF ceramic capacitors for optimum 
high frequency performance. 
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5 


A to D, D to A 


National 
Semiconductor 
DAC1280A-I, DAC1280-1 12-Bit Digital-to-Analog Converters 


General Description 

The DAC1280-I series is a family of precision, low cost, 
fully self-contained digital-to-analog converters. The 
devices include 12 precision current switches, a 12-bit thin 
film resistor network, buffered internal reference, and 
several precision resistors, which allow the user to tailor 
his system needs to accommodate a variety of bipolar and 
unipolar output voltage and current ranges. Logic inputs 
are TTL, DTL and CMOS compatible, and are complemen- 
tary binary (CBI) format. In all instances, a logic low 
(< 0.8V) turns a given bit ON, and a logic high (> 2V) turns a 
given bit OFF. Internally supplied resistor options provide 
low drift bipolar output voltage ranges of ±2.5V, ±5V, 
± 10V, and unipolar ranges of 0V to 5V or 0V to 10V. Current 
mode output is 0 mA to 2 mA. 


Features 

■ Self-contained with internal reference 

■ High reliability replacement for DAC80-CBM or 
DAC80Z-CBI-I 

■ ± 1/2 LSB linearity max over 0°C to 70°C temperature 
range for DAC1280A-I 

■ ± 2.5V, ± 5V, ± 10V, 0V to 5V, 0V to 10V output voltage 
ranges with external op amp 

■ 0 mA to 2 mA current output 

S Fast settling time: 300 ns current 

■ Standard 24-pin 1C package 

■ Low cost 

■ TTL CMOS compatible binary input logic over 
temperature 


Block Diagram 

+V S -V S NC 



(MSB) (LS0) 

Connection Diagram Ordering Information 


DuaMn-Line Package 



Temperature Range 

0°C to 70°C 

Linearity 

0.01% 

DAC1280AD-I 

(DAC80Z-CBI-I) 

0.05% 

DAC1280HCD-I 

Package 

D24G 
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Absolute Maximum Ratings 

Supply Voltage (V + and V “ ) ± 18V 

Current Output (Pins 15, 20) Voltage Compliance ±10V 

Logic Input Voltage -0.7V, 10V 

Reference Input Voltage (V REF ) 0V, 18V t 

Short-Circuit Duration (Pins 15, 20 and 24) Continuous 

Operating Temperature Range -25°Cto +85°C 

Storage Temperature Range - 65°C to + 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics 

T a = 0°C to 70°C, V s = ± 11.4V to ± 15.75V for DAC1280A-I, V s > ± 15V for DAC1280-I unless otherwise noted. 

Parameter 

• 

Conditions 

DAC1280A-I 

DAC1280-I 

Units 

Min 

Typ 

(Note 1) 

Max 

Min 

Typ 

(Note 1) 

Max 

CONVERTER CHARACTERISTICS 

Resolution 


12 



12 



Bits 

Linearity Error 

T a = 25°C 


±1/4 

±1/2 


±1/4 

±1 

LSB 




±1/2 



±2 

Differential Non-Linearity 



±1/2 

±3/4 


±1/2 


Monotonicity 


12 



11 

12 


Bits 

Full-Scale (Gain) Error 

T a = 25°C (Note 2) 


n 


■ 




Zero-Scale (Offset) Error 

T A = 25°C (Note 2) 







Full-Scale (Gain) Tempco 

Internal Reference 


±15 

±30 


±15 



External Constant 

Reference 


±5 

±7 




Zero-Scale (Offset) Tempco 

Unipolar 


±1 

±3 


±1 


Bipolar 


EEH 

±10 


±3 


Total Bipolar Tempco 
(Note 4) 

Includes Gain, Offset, 
and Linearity 



H 

■ 


■ 

Total Error (Note 5) 

Unipolar 


BERM 





% FSR 

Bipolar 


±0.06 

±0.10 


±0.06 


Output Voltage Range 

Using Internally Supplied 
Resistors, External Op Amp 

± 2.5V, ± 5V, ± 10V, 0V to 5 V, 0V to 10V 

V 

Current Mode Output Range 

Unipolar, Pin 15 


Oto -2 



Oto -2 


mA 

Bipolar, Pin 15 


±1.0 



±1.0 


Current Mode Compliance 








V 

Current Mode Output 
Impedance 

Unipolar 


2 



2 


kn 

Bipolar 


1.5 



1.5 


REFERENCE CHARACTERISTICS 

Reference Voltage 

Iref— 2 mA, T a = 25°C 

6.07 

6.2 

6.33 


6.2 


V 

Tempco of Drift 



±10 



±10 



External Use Current 




2.5 



2.5 

mA 

Output Resistance 



0.05 

1.0 


0.05 

1.0 

n 
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Parameter 

Conditions 

DAC1280A-I 

DAC1280-I 

Units 

Min 

Typ 

(Note 1) 

Max 

Min 

Typ 

(Note 1) 

Max 

DIGITAL AND DC CHARACTERISTICS 

Logic “1” Input Voltage 
(Bit OFF) 





2.0 


■ 

V 

Logic “0” Input Voltage 
(Bit ON) 




0.8 




Logic “1” Input Current 

V, N = 2.5V 



1 



1 


Logic “0” Input Current 

< 

2 

II 

O 

< 



-100 



-100 

Power Supply Current 

I + ,T a = 25”C 


10 

18 


10 


mA 

I“,T a = 25°C 


25 

30 

* 

25 


Power Supply Sensitivity 



0.001 

0.002 


0.001 


% FSR/%V 

AC CHARACTERISTICS 

Current Mode Settling Time 

ion to 1000 Load 


300 





ns 


Electrical Characteristics (continued) t a =o°c to 7o°c,v s = ±n.4vto ± 15.75V tor daci 28 oa-i,v s = ±i5vtor 

DAC1280-I unless otherwise noted. 


Note 1: All typical values are forT A = 25°C. 

Note 2: Externally adjustable to zero. 

Note 3: FSR means full-scale range and is 20V for ± 10V range, 10V for ±5V, etc. 
Note 4: See paragraph 1.6 for definition. 

Note 5: With gain and offset errors adjusted to zero at 25°C. 


1.0 Definition of Terms 

1.1 ACCURACY 

Accuracy of a D/A converter is the difference between the 
actual analog output that is measured when a given digital 
code is applied and the analog output that is expected 
with that code applied to the converter. Accuracy errors 
can be specified by the three parameters of gain or full- 
scale error, zero-scale or offset error, and linearity error. 

1.2 LINEARITY ERROR 

Linearity error is the maximum deviation from a straight 
Una passing through the endpoints of the DAC transfer 
characteristic. It Is measured after adjusting for zero and 
full-scale. Linearity error is a parameter intrinsic to the 
device and cannot be externally adjusted. 

1.3 DIFFERENTIAL LINEARITY ERROR AND 
MONOTONICITY 

Differential linearity error of a D/A converter is the devia- 
tion from an ideal 1 LSB voltage change from one adjacent 
output state to the next. A differential linearity error 
specification of ± 1/2 LSB means that the output voltage 
step sizes can range from 1/2 LSB to 3/2 LSB when the 
input changes from one adjacent input state to the next. 
Monotonicity is guaranteed in the DAC1280A-I and 
DAC1280-I to ensure that the analog output will not 
decrease with increasing input digital codes. 

1.4 GAIN TEMPCO 

Gain tempco is a measure of the change in the full-scale 
range output over temperature expressed in parts per 
million per °C (ppm/°C). This test uses the internally sup- 
plied DAC, feedback and offset resistors. 


1.5 OFFSET TEMPCO 

Offset tempco is a measure of the actual change in output 
with all “1”s on the input over the specified temperature 
range. The offset is measured at 0°C, 25°C and 70°C. the 
maximum change in offset . is referenced to the offset at 
25 °C and is divided by the temperature range. This offset 
change is expressed in parts per million of full-scale range 
per °C (ppm of FSR/°C). 

1.6 TOTAL BIPOLAR TEMPCO 

In the bipolar mode, the internal 6.2 kn resistor is con- 
nected to the current output pin which is the summing 
junction of the output amplifier (external). This resistor in- 
jects a current that exactly balances the output current of 
the DAC with only the MSB ON such that the output volt- 
age of the amplifier is 0V. 

If the internal resistors track perfectly, the cancellation ef- 
fect is also perfect, even if the reference voltage drifts. 
Thus, any imperfection in resistor tracking gives rise to an 
error term. 

The total bipolar mode tempco includes this tracking 
tempco as well as offset tempco and linearity tempco as 
defined above. 

2.0 Functional Description 

2.1 OFFSET AND FULL-SCALE ADJUST 

The DAC1 280-1 series may be offset and full-scale adjusted 
using the circuit shown in Figure 1. Offset voltage should 
be adjusted first. A logic “1” (> 2 V) should be applied to all 
logic inputs. In bipolar mode, the offset is adjusted to 
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equal minus full-scale. In unipolar mode, the offset is ad- 
justed to read OV at the output. Full-scale is then adjusted 
by applying a logic “0” (<0.8V) to all inputs for operation. 
The range of adjustment shown in Figure 1 is approx- 
imately ±0.2% of full-scale for the values shown. 

A 30 second “warm-up” period should be allowed (after 
power turn-on) before making the above adjustments. 

2.2 LOGIC INPUT CODING 

The logic inputs to the DAC1280-I series are complemen- 
tary; i.e., a given bit is turned ON by an active low input. 
Table I summarizes input status for unipolar and bipolar 
codes. 

2.3 REFERENCE SUPPLY 

The DAC1280-I series is supplied with an internal 6.2V 
reference regulator (pin 24). In order to obtain the specified 
unadjusted performance, the reference output (pin 24) 
should be connected to the reference input (pin 16). An ex- 
ternal reference voltage may be used with the DAC1280-I 
series if provision is made to calibrate full-scale as shown 
in Figure 7. Since the reference is buffered, it may be used 
externally at currents up to 2.5 mA. 

2.4 LOGIC INPUT COMPATIBILITY 

The design of the current mode switches in the DAC1280-I 
series gives the device true TTL compatibility. It is TTL 


compatible over the entire operating temperature range 
and is independent of the reference voltage and V cc . Fur- 
thermore, since the input breakdown ratings are in excess 
of 10V, the DAC1280-I series may be driven directly from 
high (or low) voltage CMOS. 


The DAC1280A-I will operate with supply voltages as low 
as ± 11.4V. 


Pin 20 is internally connected to pin 15; either may be used 
as the current output. Standard DAC80-CBI-I devices use 
pin 20 as an alternate feedback resistor tap; this tap is not 
available on the DAC1280A-I series. 


For optimum performance power supply decoupling ca- 
pacitors should be added as shown in the connection dia- 
gram. These capacitors (1 /xF electrolytic recommended) 
should be located close to the DAC1280A-I or DAC1280-I. 
Electrolytic capacitors, if used, should be paralleled with 
0.01 /xF ceramic capacitors for optimum high frequency 
performance. 



FIGURE 1. External Adjustment and Voltage Supply Connection Diagram 
TABLE I 


Note 6: Logic input sense is such that an active low (V|n< 0.8V) turns a given bit ON and is represented as a logic “0” in the table. 
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2.7 POWER SUPPLY CONNECTIONS 


2.5 ±12 VOLT SUPPLY OPERATION 


2.6 PIN 20 USAGE 


Code Type 

Input Code (Note 6) 

MSB LSB 

Output 

State 

Unipolar Output Ranges 

0 mA-2 mA 

0 mA-1.25 mA 

Unipolar 

000000000000 

Full-Scale 

-1.9995 mA 

Complementary 

1 .1 1 1 1 1 1 1 1 1 1 0 

1 LSB ON 

- 0.0005 m A 

Binary 

111111111111 

Zero-Scale 

0.0000 mA 

Code Type 

Input Code (Note 6) 

MSB LSB 

Output 

State 

Bipolar Output Ranges 
±1 mA 

Bipolar 

000000000000 


- 0.9995 mA 


0 11111111111 

Half-Scale 

0.0000 mA 

Binary 

111111111110 

1 LSB ON 

0.9995 mA 


111111111111 

Zero-Scale 

1.0000 mA 


DAC1280A-I, DAC1280-I 































DAC1285A, DAC1285 (DAC85, DAC87) 


National 

Sjt Semiconductor 

DAC1285A, DAC1285 (DAC85, DAC87) 
12-Bit Digital-to-Analog Converters 


A to D, D to A 


General Description 


The DAC1285 series is a family of precision, low cost, fully 
self-contained digital-to-analog converters. The devices 
include 12 precision current switches, a 12-bit thin film 
resistor network, output amplifier, buffered internal 
reference, and several precision resistors, which allow the 
user to tailor his system needs to accommodate a variety 
of bipolar and unipolar output voltage and current ranges. 
Logic inputs are TTL, DTL and CMOS compatible, and are 
complementary binary (CBI) format. In all instances, a 
logic low (<0.8V) turns a given bit ON, and a logic high 
(> 2V) turns a given bit OFF. Internally supplied resistor op- 
tions provide low drift bipolar output voltage ranges of 
± 2.5V, ± 5V, ± 10V, and unipolar ranges of 0V to 5V or 0V 
to 10V. Current mode output is 0 mA to 2 mA. 


Features 

■ Completely self-contained with internal reference and 
output amplifier 

■ High reliability exact replacement for DAC85-CBI-V, 
DAC85LD-CBI-V, and DAC87-CBI-V 

■ ± 1/2 LSB linearity max over temperature range 

■ ± 2.5V, ± 5 V, ± 10V, 0V to 5V, 0V to 10V voltage outputs 

■ 0 mA to 2 mA current output 

■ Fast settling time: 300 ns current mode; 2.5 ns voltage 
mode 

■ Hermetic 24-pin 1C package 

■ Low cost 

■ TTL CMOS compatible binary input logic over 
temperature 

■ Parameters guaranteed over operating temperature 
range -25°Cto + 85°Cor -55°Cto +125°C 


Block Diagram 


+v s -v s 



20 CURRENT MODE 
— o OUTPUT 

(SUMMING JUNCTION) 


1 2 3 4 5 6 7 8 9 10 11 12 


Connection Diagram 


OuaMn-Line Package 


Order Number DAC1285ACD, DAC85LD-CBI-V, 
DAC1285HCD, DAC85-CBI-V, DAC1285AD 
or DAC87-CBI-V 
See NS Package D24G 



20 1 SUMMING JUNCTION 





Absolute Maximum Ratings 

Supply Voltage(V + and V - ) ±18V Operating Temperature Range 

Current Output (Pin 20) Compliance ±10V DAC1285A -55°Cto + 125°C 

Logic Input Voltage -0.7V, 10V DAC1285AC -25°Cto +85°C 

n f . ... , ’ m , DAC1285HC -25°Cto+85°C 

Reference Input Voltage (V RE f) 0V, 18V 

eu A/-- -API /r,- -tc on ^o r* *■ Storage Temperature Range -65°Cto +150°C 

Short-Circuit Duration (Pins 15, 20 and 24) Continuous 1 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics 

T a = - 55°C to +125°C for DAC1285A and -25°C to +85°C for DAC1285AC and DAC1285HC, V s = ± 11.4V to ± 15.75V 
for DAC1285A and DAC1285AC and V s = ± 15V for DAC1285HC unless otherwise noted. 

Parameter 

Conditions 

DAC1285A 

DAC1285AC 

DAC1285HC 

Units 

Min 

Typ 

(Note 1) 

Max 

Min 

Typ 

(Note 1) 

Max 

Min 

Typ 

(Note 1) 

Max 

CONVERTER CHARACTERISTICS | 

Resolution 


12 



12 



, 12 



Bits 

Linearity Error 

T a = 25°C 


±1/4 

±1/2 


±1/4 

±1/2 


±1/4 

±1/2 

LSB 




±3/4 



±1/2 



±1/2 

Differential Non-Linearity 

T a = 25°C 


±1/2 

±3/4 


±1/2 



±1/2 





±1 







Monotonicity 


12 



12 



12 



Bits 

Full-Scale (Gain) Error 

T a = 25°C (Note 2) 


±0.1 

±0.2 


±0.1 



±0.1 


% FSR 
(Note 3) 

Zero-Scale (Offset) Error 

T A = 25°C (Note 2) 


±0.02 

±0.1 


±0.02 



±0.02 


Full-Scale (Gain) Tempco 

With Internal Reference 


±10 

±20 


±10 



±15 

±30 

ppm/°C 

Without Internal 
Reference 


±5 

±10 


±5 

±10 


±5 

±20 

Zero-Scale (Offset) Tempco 

Unipolar 


±1 

EM 


±1 



±1 


ppm 

FSR/°C 

Bipolar 


±3 



mam 

tm 


±3 


Total Bipolar Tempco 
(Note 4) 

Includes Gain, Offset, 

and Linearity 


U 

m 



B 


H 



Unipolar 



H81EE 






■ 

% FSR 

Bipolar 


wmm 



Q«2II 





Output Voltage Range 

Using Internally Supplied 
Resistors (Note 6) 


V 

Output Voltage Swing 

R L >5kn, Pin 15 

±10 









Output Short Circuit Current 

Pin 15 

El 

±25 


±5 



El 

EH 


■ 

Output Impedance 

Pin 15, Closed Loop 


0.05 








EH 

Current Mode Output Range 

Unipolar, Pin 20 


QJ3B3 






Oto -2 


mA 

Bipolar, Pin 20 


±1.0 



±1.0 



±1.0 


Current Mode Compliance 







Q2H 




V 

Current Mode Output 
Impedance 

Unipolar 


2 



2 



2 


kO 

Bipolar 


1.5 



1.5 



1.5 


REFERENCE CHARACTERISTICS 

Reference Voltage 





6.07 


Q3| 


6.2 


V 

Tempco of Drift 



±5 

±10 


±10 

o 

CM 

+1 


±10 

o 

CM 

+1 

ppm/°C 

External Use Current 




2.5 



2.5 



2.5 

mA 

Output Impedance 



0.05 

1.0 


0.05 

1.0 


0.05 

1.0 

0 
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Electrical Characteristics (Continued) 

T a = -55°C to +125°C for DAC1285A and -25°C to +85°C for DAC1285AC and DAC1285HC, V s = ± 11.4V to ± 15.75V 
for DAC1285A and DAC1285AC and V s = ± 15V for DAC1285HC unless otherwise noted. 




DAC1285A, DAC1285AC 

DAC1285HC 


Parameter 

Conditions 




Min 



Units 


DIGITAL AND DC CHARACTERISTICS 


Logic “1” Input Voltage 
(Bit OFF) 


2.0 



2.0 



V 

Logic “0” Input Voltage 
(Bit ON) 


. 


0.8 



0.8 

Logic “1” Input Current 

V|N = 2.5V 


0.05 

1 


0.05 

1 

mA 

Logic “0” Input Current 

V,N = 0V 



-100 



-100 

Power Supply Current 

l + ,T A = 25°C 


10 

18 


10 


mA 

I",T a = 25°C 


25 

30 


25 


Power Supply Sensitivity 


1 

i 

i 

0.001 

0.002 


0.001 


% FSR /%V 

AC CHARACTERISTICS 

Voltage Mode Settling Time 

1 LSB Change 


400 



400 


ns 

FSR Change 

10V 


2.5 



2.5 


MS 

20V 


4 



4 


Voltage Mode Slew Rate 

T a = 25°C 

10 

30 



30 


Vlft s 

Current Mode Settling Time 

10n to 100n Load 

- 

300 



300 


ns 


Note 1: All typical values are for T A = 25°C. 

Note 2: Externally adjustable to zero. 

Note 3: FSR means “full-scale range” and is 20V for ± 10V range, 10V for ±5V, etc. 

Note 4: See paragraph 2.0 for definition. 

Note 5: With gain and offset errors adjusted to zero at 25°C 

Note 6: ± Vg must have absolute value 2V greater than VquT- Output voltage ranges - 10V to + 10V and 0V to + 10V are not recommended with Vg less than ± 12V. 


step sizes can range from 1/2 LSB to 3/2 LSB when the 
input changes from one adjacent input state to the next. 
12-bit monotonicity is guaranteed to ensure that the 
analog output will not decrease with increasing input 
digital codes. 

1.4 GainTempco 

Gain tempco is a measure of the change in the full-scale 
range output over temperature expressed in parts per 
million per °C (ppm/°C). 

1.5 Offset Tempco 

Offset tempco is a measure of the actual change in output 
with all “1”s on the input over the specified temperature 
range. The offset is measured at low and high temperature. 
The maximum change in offset is referenced to the offset 
at 25°C and is divided by the temperature range. This off- 
set change is expressed in parts per million of full-scale 
range per °C (ppm of FSR/°C). 


1.0 Definition of Terms 

1.1 Accuracy 

Accuracy of a D/A converter is the difference between the 
actual analog output that is measured when a given digital 
code is applied and the analog output that is expected 
with that code applied to the converter. Accuracy errors 
can be specified by the three parameters of gain or full- 
scale error, zero-scale or offset error, and linearity error. 

1.2 Linearity Error 

Linearity error is the maximum deviation from a straight 
line passing through the endpoints of the DAC transfer 
characteristic. It is measured after adjusting for zero and 
full-scale. Linearity error is a parameter intrinsic to the 
device and cannot be externally adjusted. 

1.3 Differential Linearity Error and Monotonicity 

Differential linearity error of a D/A converter is the devia- 
tion from an ideal 1 LSB voltage change from one adjacent 
output' state to the next. A differential linearity error 
specification of ± 1/2 LSB means that the output voltage 
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1.6 Settling Time 

Settling time for each DAC1285 series part is the total time 
(including slew time) required for the output to settle 
within an error band around its final value after a change in 
input (Figures 1 and 2). 



FIGURE 1. Voltage Mode Settling Time-FSR Change 



FIGURE 2. Voltage Mode Settling Time-1 LSB Change 


Voltage Output. Three settling times are specified to 
±0.01% of full-scale range (FSR); two for maximum full- 
scale range changes of 20V, 10V and one for a 1 LSB 
change. The 1 LSB change is measured at the major carry 
(01 11. ..11 to 1000. ..00), the point at which the worst case 
settling time occurs. 

Current Output. Settling time is specified to ±0.01% of 
FSR. This is given with a range of resistive loads: lOfi to 
lOOfi. 

1.7 Compliance 

Compliance voltage is the maximum voltage swing al- 
lowed on the current output pin (pin 20). Note that the 
absolute current offset error with any DAC will be in- 
creased by an amount given by V 0 ut/Rout- |n many'situa- 
tions this will be a significant error term if the voltage on 
the current output pin is allowed to exceed a few millivolts. 

1.8 Power Supply Sensitivity 

Power supply sensitivity is a measure of the effect of a 
power supply change bn the D/A converter output. It is 


defined as a percent of FSR per percent of change in either 
the positive, negative, or logic supplies about the nominal 
power supply voltages. 

1.9 Reference Supply 

The DAC1285 series are supplied with an internal 6.2V 
reference voltage supply. This voltage (pin 24) is accurate 
to ±2% and must be connected to the Reference Input 
(pin 16) for specified operation. This reference may also be 
used externally with external current drain limited to 2.5 
mA. All gain adjustments should be made under constant 
load conditions. 

2.0 Analyzing Device Accuracy Over 
the Temperature Range 

For the purposes of temperature drift analysis, the major 
device components are shown in Figure 3. The reference 
element and buffer amplifier drifts are combined to give 
the total reference temperature coefficient, which is 
specified as a maximum. The input reference current to 
the DAC, l REF , is developed from the internal reference 
and will show the same drift rate as the reference voltage. 
The DAC output current, l DAC , which is a function of the 
digital input code, is designed to track l REF ; if there is a 
slight mismatch in these currents over temperature, it will 
contribute to the gain TC. The bipolar offset resistor, R BP , 
and gain setting resistor, R GA1N , a,so have temperature 
coefficients which contribute to system drift errors. The 
input offset voltage drift of the output amplifier, OA, also 
contributes a small error. 


+ 15V 



There are three types of drift errors over temperature: off- 
set, gain, and linearity. Offset drift causes a vertical 
translation of the entire transfer curve; gain drift is a 
change in the slope of the curve; and linearity drift 
represents a change in the shape of the curve. The com- 
bination of these three drifts results in the complete 
specification for total error over temperature. 

Total error is defined as the deviation from a true straight 
line transfer characteristic from exactly zero at a digital in- 
put which calls for zero output to a point which is defined 
as full-scale. A specification for total error over tempera- 
ture assumes that both the zero and full-scale points have 
been trimmed for zero error at 25°C. Total error is normally 
expressed as a percentage of the full-scale range. In the 
bipolar situation, this means the total range from - V FS to 
+V FS . 
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2.1 Monotonicity and Linearity 

The initial linearity error and the differential linearity error 
guarantee monotonic performance over the operating 
temperature range. It can therefore be assumed that 
linearity errors are insignificant in computation of total 
temperature errors. 

2.2 Unipolar Errors 

Temperature error analysis in the unipolar mode is 
straightforward: there is an offset drift and a gain drift. The 
offset drift, which comes from leakage currents and drift 
in the output amplifier, causes a linear shift in the transfer 
curve as shown in Figure 4 . The gain drift causes a change 
in the slope of the curve and results from reference drift, 
DAC drift, and drift in Rqain relative to the DAC resistors. 

2.3 Bipolar Range Errors 

The analysis Is slightly more complex in the bipolar mode. 
In this mode Rbp is connected to the summing node of the 



FIGURE 4.. Unipolar 


output amplifier (see Figure 3) to generate a current which 
exactly balances the current of the MSB so that the output 
voltage is zero with only the MSB on. 

Note that if the DAC and application resistors track per- 
fectly, the bipolar offset drift will be zero even if the 
reference drifts. A change in the reference voltage, which 
causes a shift in the bipolar offset, will also cause an 
equivalent change in l REF and thus I D ac» so that I D ac will 
always be exactly balanced by I B p with the MSB turned on. 
This effect is shown in Figure 6. The net effect of the 
reference drift then is simply to cause a rotation in the 
transfer around bipolar zero. However, consideration of 
second order effects (which are often overlooked) reveals 
the errors in the bipolar mode. The unipolar offset drifts 
discussed before will have the same effect on the bipolar 
offset. A mismatch of R B p to the DAC resistors is usually 
the largest component of bipolar drift. Gain drift in the 
DAC also contributes to bipolar offset drift, as well as full- 
scale drift. In the bipolar ranges, full-scale is defined as 
the total range from -Vpsto + Vp B - 



BIPOLAR (IDEAL CASE) 


and Bipolar Drifts 


1 mA 



1mA 
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3.0 Applications and Functional 
Description 

3.1 Voltage Mode Operation 

These D/As provide internal scaling resistors which permit 
a wide range of bipolar and unipolar output configura- 
tions. Bipolar outputformatsof ± 2.5V, ± 5V, ± 10V and uni- 
polar formats of 0V to 5V and 0V to 10V are possible using 
resistor strap options included within the device. Table I 
and Figures 5, 6 and 7 summarize the proper pin connec- 
tions required for these formats. 

3.2 Current Mode Operation 

Current mode applications which make use of an external 
op amp, comparator, or a resistive load are possible with 


the DAC1285 series using pin 20. When an external op amp 
is used, the internal scaling resistors should be utilized to 
minimize full-scale drift. Configurations shown in Table I 
apply directly. Figure 8 shows one application using an ex- 
ternal fast operational amplifier. 

Current mode operation into a resistive load or open cir- 
cuit must account for the DACs nominal output resistance 
of 2k at pin 20. With this in mind, the output will swing 0 V 
to - 4V open circuit and about - 1.5V to + 1.5V with the 
bipolar offset resistor connected. An external load 
resistor may be used as part of the load, but there will be 
an error due to temperature coefficients mistracking. 


TABLE I. Output Voltage/Current Ranges for DAC1285 Series 


Output 

Range 

Digital Input 

Code 

Connect 
Pin 15 to 

Connect 
Pin 16 to 

Connect 
Pin 17 to 

Connect 
Pin 19 to 

> 

o 

+1 

Complementary Offset Binary 

19 

24 

20 

15 

1+ 

CJ1 

< 

Complementary Offset Binary 

18 

24 

20 

NC 

± 2.5V 

Complementary Offset Binary 

18 

24 

20 

20 

10V 

Complementary Binary 

18 

24 

21* 

NC 

5V 

Complementary Binary 

18 

24 

21* 

20 

± 1 mA 

• Complementary Offset Binary 

NC 

24 

20 

NC 

-2 mA 

Complementary Binary 

NC 

24 

21* 

NC 


* Optional, no connection necessary 



Vqijt = (0 mA to 1.9995 mA) (R20) 

= (0 mA to 1.9995 mA) (5k) 

= 0V to 9.9976V 
1 LSB = 2.44 mV 

FIGURE 7. 10V Unipolar Operation FIGURE 8. ± 10V Bipolar Operation 

with External Operational Amplifier 
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3.3 Offset and Full-Scale Adjust 

The DAC1285 series may be offset and full-scale adjusted 
using the circuit shown in Figure 9. Offset voltage should 
be adjusted first. A logic “1” (> 2V) should be applied to all 
logic inputs. In bipolar mode, the offset is adjusted to 
equal minus full-scale. In unipolar mode, the offset is ad- 
justed to read OV at the output. Full-scale is then adjusted 
by applying a logic “0” (<0.8V) to all inputs for operation. 
The range of R1 and R2 shown in Figure 9 is approximately 
± 0.2% of full-scale for the values shown. . 

A 30 second “warm-up” period should be allowed (after 
power turn-on) before making the above adjustments. 


3.4 Logic Input Coding 

The logic inputs to the DAC1285 series are complemen- 
tary; i.e., a given bit is turned ON by an active low input. 
Table II summarizes input status for unipolar and bipolar 
codes. 

3.5 Reference Supply 

The DAC1285 series is supplied with an internal 6.2V 
reference regulator (pin 24). In order to obtain the specified 
unadjusted performance, the reference output (pin 24) 
should be connected to the reference input (pin 16). An ex- 
ternal reference voltage may be used with the DAC1285 
series if provision is made to calibrate full-scale as shown 
in Figure 9. Since the reference is buffered, it may be used 
externally at currents up to 2.5 mA. 



FIGURE 9. External Adjustment and Voltage Supply Connection Diagram 


Code Type MSB 


Input Code (Note 7) 


000000000000 


Unipolar 

Complementary'! 1 1 1 1 1 1 1 1 1 1 1 0 1 LSB ON 

111111111111 Zero-Scale 


Code Type 


Input Code (Note 7) 
MSB LSB 


Bipolar 000000000000 

Complementary 0 11111111111 
Binary 


Unipolar Output Ranges 
0V to 10V 0V to 5V 


9.9976V 4.9988V 


0.0024V 0.0012V 

0.0000V 0.0000V 


Bipolar Output Voltage Ranges 


±5 


0 mA-2 mA 
0 mA-1.25 mA 



iihiiiiidiiH— MBBgmi 



4.9976V 

0.0000V 


2.4988V 
0.0000V 
- 2.4988V 


- 2.5000V 


- 0.9995 mA 
0.0000 mA 
0.9995 mA 


1.0000 mA 


Note 7: Logic input sense is such that an active low (V|n <0.8V) turns a given bit ON and is represented as a logic “0" in the table. 
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3.6 Logic Input Compatibility 

The design of the current mode switches in the DAC1285 
series gives the device true TTL compatibility. It is TTL 
compatible over the entire operating temperature range 
and is independent of the reference voltage and V C c. Fur- 
thermore, since the input breakdown ratings are in excess 
of 10V, the DAC1285 series may be driven directly from 
high (or low) voltage CMOS. 

3.7 ± 12 Volt Supply Operation 

These DACs will operate with supply voltages as low as 
± 11.4V. It is recommended that output voltage ranges 
-10V to + 10V and 0V to 10V not be used if the supply 


voltages are ever less than the recommended ± 12V. The 
output amplifier may saturate if |V SU p PLY |-| Vqut maxi- 
mum! < 2.0V. 

3.8 Power Supply Connections 

For optimum performance power supply decoupling 
capacitors should be added as shown in the connection 
diagrams (Figure 9). These capacitors (1 /xF electrolytic 
recommended) should be located close to the device. 
Electrolytic capacitors, if used, should be paralleled with 
0.01 fxF ceramic capacitors for optimum high frequency 
performance. 
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DM2502, DM2503, DM2504 


A to D, D to A 


5J1 National 
mM Semiconductor 

DM2502, DM2503, DM2504 Successive Approximation 
Registers 

General Description 


The DM2502, DM2503 and DM2504 are 8-bit and 1 2-bit 
TTL registers designed for use in successive approxima- 
tion A/D converters. These devices contain all the logic 
and control circuits necessary in combination with a 
D/A converter to perform successive approximation 
analog-to-digital conversions. 

The DM2502 has 8 bits with serial capability and is not 
expandable. 

The DM2503 has 8 bits and is expandable without serial 
capability. 

The DM2504 has 12 bits with serial capability and 
expandability. 

All three devices are available in ceramic DIP, ceramic 
flatpak, and molded Epoxy-B DIPs. The DM2502, 


DM2503 and DM2504 operate over -55°C to +125°C; 
the DM2502C, DM2503C and DM2504C operate over 
0°C to +70°C. 

Features 

■ Complete logic for successive approximation A/D 
converters 

■ 8-bit and 12-bit registers 

■ Capable of short cycle or expanded operation 

■ Continuous or start-stop operation 

■ Compatible with D/A converters using any logic code 

■ Active low or active high logic outputs 

■ Use as general purpose serial-to-parallel converter or 
ring counter 


Logic Diagram 
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Note 1 . Cell logic is repeated for register stages 

Q5 to 01 DM2502, DM2503 

Q9 to Q1 DM2504 


Note 2 Numbers in parentheses are for DM2504 

Connection Diagrams (Dual-ln-Line and Flat Packages) 

DM2502, DM2503 DM2504 




Order Number DM2502J DM2502CJ, DM2503J 
or DM2503CJ 
See NS Package J16A 
Order Number DM2502CN or DM2503CN 
See NS Package N16A 

Order Number DM2502W, DM2502CW, DM2503W, 
or DM2503CW 
See NS Package W1 6 A 


Order Number DM2504 F or DM2504CF 
See NS Package F24 A 

Order Number DM2504J or DM2504CJ 
See NS Package J24A 

Order Number DM2504CN 
See NS Package N24A 
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Absolute Maximum Ratings (Note d Operating Conditions 


Supply Voltage 

7V 

Supply Voltage, Vqq 

MIN 

MAX 

UNITS 

Input Voltage 

Output Voltage 

5.5V 

5.5V 

DM2502C, DM2503C, 
DM2504C 

4.75 

5.25 

V 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

-€5°C to +150°C 

300° C 

DM2502, DM2503, 

DM2504 

4.5 

5.5 

V 


Temperature, T A 

DM2502C, DM2503C, 0 +70 °C 

DM2504C 

DM2502, DM2503, -55 +125 °C 

DM2504 


Electrical Characteristics (Notes 2 and 3) V cc = 5.0V, T a = 25°C, C L = 15 pF, unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Logical "1" Input Voltage (V, H ) 


Vcc = Min 

2.0 



V 

Logical "1" Input Current (l| H ) 


V cc = Max 





CP Input 


V ih = 2.4V 


6 

40 

/iA 

D, E, S Inputs 


V (H - 2.4 V 


6 

80 

mA 

All Inputs 


V ih = 5.5V 



1.0 

mA 

Logical "0" Input Voltage (V IL ) 


V C c = Min 



0.8 

V 

Logical "0" Input Current (l )L ) 


Vqq = Max 





CP, S Inputs 


V| L = 0.4V 


-1.0 

-1.6 

mA 

D, E Inputs 


V IL = 0.4V 


-1.0 

-3.2 

mA 

Logical "1" Output Voltage (V OH ) 


V C c ~ Min, Ion ~ “0.48 mA 

2.4 

3.6 


V 

Output Short Circuit Current 


Vqq ~ Max; Vqqt = 0«0V; 

-10 

-20 

-45 

mA 

(Note 4) (l os ) 


Output High; CP, D, S, High; 

E Low 





Logical "0" Output Voltage (V OL ) 


Vqq = Min, Iol ~ 9*6 mA 


0.2 

0.4 

V 

Supply Current (l cc ) 


Vcc ~ Max, All Outputs Low 





DM2502C 




65 

95 

mA 

DM2502 




65 

85 

mA 

DM2503C 




60 

90 

mA 

DM2503 




60 

80 

mA 

DM2504C 




90 

124 

mA 

DM2504 




90 

110 

mA 

Propagation Delay to a Logical "0" 
From CP to Any Output (t pd0 ) 



10 

18 

28 

ns 

Propagation Delay to a Logical "0" 


CP High, S Low 


16 

24 

ns 

From E to Q7 (Q11) Output (t pd0 ) 


DM2503, DM2503C, DM2504, 

DM2504C Only 





Propagation Delay to a Logical "1” 
From CP to Any Output (t pd1 ) 



10 

26 

38 

ns 

Propagation Delay to a Logical "1" 


CP High, S Low 


13 

19 

ns 

From E to Q7 (Q11) Output (t pd1 ) 


DM2503, DM2503C, DM2504, 

DM2504C Only 





Set-Up Time Data Input (t s(D )) 



-10 

4 

8 

ns 

Set-Up Time Start Input (t s( s)) 



0 

9 

16 

ns 

Minimum Low CP Width (t PWL ) 




30 

42 

ns 

Minimum High CP Width (tp W H) 




17 

24 

ns 

Maximum Clock Frequency (f MA x) 



15 

21 


MHz 


Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DM2502, DM2503 and DM2504, 
and across the 0°C to +70°C range for the DM2502C, DM2503C and DM2504C. All typicals are given for Vqq = 5.0V and T A = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 
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Application Information 

OPERATIOM 

The registers consist of a set of master latches that act 
as the control elements ;, in the device and change state 
on the input clock high-to-low transition and a set of 
slave latches that hold the register data and change on 
the input clock low-to-high transition. Externally the 
device acts as a special purpose serial-to-parallel converter 
that accepts data at the D input of the register and sends 
the data to the appropriate slave latch to appear at the 
register output and the DO output on the DM2502 and 
DM2504 when the clock goes from low-to-high. There 
are no restrictions on the data input; it can change state 
at any time except during a short interval centered about 
the clock low-to-high transition. At the same time that 
data enters the register bit the next less significant bit 
register is set to a low ready for the next iteration. 

The register is reset by holding the S (Start) signal low 
during the clock low-to-high transition. The register 
synchronously resets to the state Q7 (11) low, and all 
the remaining register outputs high. The Q cc (Conver- 
sion Complete) signal is also set high at this time. The S 
signal should not be brought back high until after the 
clock low-to-high transition in order to guarantee 
correct resetting._After the clock has gone high resetting 
the register, the S signal must be removed. On the next 
clock low-to-high transition the data on the D input is 
set into the Q7 (11) register bit and the Q6 (10) register 
bit is set to a low ready for the next clock cycle. On the 
next clock low-to-high transition data enters the Q6 (10) 
register bit and Q5 (9) is set to a low. This operation is 
repeated for each register bit' in turn until the register 
has been filled. When the data goes into QO, the Q cc 
signal goes low, and the register is inhibited from further 
change until reset by a Start signal. 

The DM2502, DM2503 and DM2504 have a specially 
tailored two-phase clock generator to provide non- 
overlapping two-phase clock pulses (i.e., the clock 
waveforms intersect below the thresholds of the gates 


they drive). Thus, even at very slow dV/dt rates at the 
clock input (such as from relatively weak comparator 
outputs), improper logic operation will not result. 

LOGIC CODES 

All three registers can be operated with various logic 
codes. Two's complement code is used by offsetting the 
comparator 1/2 full range + 1/2 LSB and using the 
complement of the MSB (Q7 or Q1 1 ) with a binary D/A 
converter. Offset binary is used in the same manner but 
with the MSB (Q7 or Q11). BCD D/A converters can be 
used with the addition of illegal code suppression logic. 

ACTIVE HIGH OR ACTIVE LOW LOGIC 

The register can be used with either D/A converters that 
require a low voltage level to turn on, or D/A converters 
that require a high voltage level to turn the switch on. If 
D/A converters are used which turn on with a low logic 
level, the resulting digital output from the register is 
active low. That is, a logic "1" is represented as a low 
voltage level. If D/A -converters are used that turn on 
with a high logic level then the digital output is active 
high; a logic "1" is represented as a high voltage level. 

EXPANDED OPERATION 

An active low enable input, E, on the DM2503 and 
DM2504 allows registers to be connected together to 
form a longer register by connecting the clock, D, and S 
inputs in parallel .and connecting the Q cc output of one 
register to the E input of the next less significant 
register. When the start signal resets the register, the E 
signal goes high, forcing the Q7 (11) bit high and 
inhibiting the register from accepting data until the 
previous register is full jrnd its Q cc goes low. If only 
one register is used the E input should be held at a low 
logic level. 


Timing Diagram 

DM2502, DM2503 


INPUTS 


n r 


° ~r~n i i i i i i i — □ 


OUTPUTS 


-I 

04 1 

“I 

"I 

0,1 

T 

Q0_L 

QccJ 
DO J 


I 

1 
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Application Information (Continued) 

SHORT CYCLE 

If all bits are not required, the register may be truncated 
and conversion time saved by using a register output 
going low rather than the Q cc signal to indicate the end 
of conversion. If the register is truncated and operated 
in the continuous conversion mode, a lock-up condition 
may occur on power turn-on. This condition can be 
avoided by making the start input the OR function of 
Q cc and the appropriate register output. 


COMPARATOR BIAS 

To minimize the digital error below ±1/2 LSB, the 
comparator must be biased. If a D/A converter is used 
which requires a low voltage level to turn on, the 
comparator should be biased +1/2 LSB. If the D/A 
convener requite* a ■ilyl'i logic level to turn ? n , 
comparator must be biased -1/2 LSB. 


Definition of Terms 

CP: The clock input of the register. 

D: The serial data input of the register. 

DO: The serial data out. (The D input delayed one bit). 
E: The register enable. This input is used to expand the 
length of the register and when high forces the Q7 (11) 
register output high and inhibits conversion. When not 
used for expansion the enable is held at a low logic level 
(ground). 

Qj i = 7 (11) to 0: The outputs of the register. 

Qcc : The conversion complete output. Thjs output 
remains high during a conversion and goes low when a 
conversion is complete. 

Q7 (11): The true output of the MSB of the register. 
Q7 (11): The complement output of the MSB of the 
register. 

S: The start input. If the start input is held low for at 
least a clock period the register will be reset to Q7 (11) 
low and all the remaining outputs high. A start pulse that 
ic low for a shorter period of time can be used if it 
meets the set-up time requirements of the S input. 


Truth Table 


DM2502, DM2503 


TIME 

INPUTS 

OUTPUTS 1 | 

t n 

D 

S 

ml 

N) 

DO 3 

Q7 

Q6 

Q5 

Q4 

Q3 

Q2 

Q1 

Q0 

Qcc 

0 

X 

L 

L 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

1 

D7 

H 

L 

X 

L 

H 

H 

H 

H 

H 

H 

H 

H 

2 

D6 

H 

L 

D7 

D7 

L 

H 

H 

H 

H 

H 

H 

H 

3 

D5 

H 

L 

D6 

D7 

D6 

L 

H 

H 

H 

H 

H 

H 

4 

D4 

H 

L 

D5 

D7 

D6 

D5 

L 

H 

H 

H 

H 

H 

5 

D3 

H 

L 

D4 

D7 

D6 

D5 

D4 

L 

H 

H 

H 

H 

6 

D2 

H 

L 

D3 

D7 

D6 

D5 

D4 

D3 

L 

H 

H 

H 

7 

D1 

H 

L 

D2 

D7 

D6 

D5 

D4 

D3 

D2 

L 

H 

H 

8 

DO 

H 

L 

D1 ' 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

L 

H 

9 

X 

. H 

L 

DO 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

L 

10 

X 

X 

L 

X 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

L 


X 

X 

H 

X 

H 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


Note 1: Truth table for DM2504 is extended to include 12-outputs. 

Note 2: Truth table for DM2502 does not include E column or last line in truth table shown. 
Note 3: Truth table for DM2503 does not include DO column. 

Typical Applications 


H = High Voltage Level 
L = Low Voltage Level 
X = Don’t Care 
NC = No Change 


r - rr 

0 

- CP OMj 

Q7 Q6 Q5 Q4 

1 

§ 

L ' a 

S 3 






D/A CO 

COMPARATOR 

NVERTER 



Active High 


BCD Illegal Code Suppression 


Active Low 
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DM2502, DM2503, DM2504 


Typical Applications (Continued) 

Fast Precision Analog-to-Digital Converter 


BIPOLAR UNIPOLAR 1QQ|« 


'REF 

19.95k 05 mA 


, 0UT = 4xI REF x C0DE 


SERIAL OUT - 


rs. 



i i 

g DAC OUT 

> >- 

_J^ DAC 

lo l 

-ft' ° l 

Ufi 

"S 

5 8k 

£ r shunt i 


Switching Time Waveforms 


INPUT RANGES 


Equiv. 

Unipolar 

Bipolar 

Connect 

DAC ZquT 

0 to 10 

±5 

Input to A 

2.36 kSl 

0 to 5 

±2.5 

Input to A 

1 .90 kft 

Oto 20 

±10 

Input to B 3.08 kfl 

B to DAC OUT 


AT LEAST | AT LEAST 

*— W(CP) 'tpwHICP) * 




^ ^ 1 

tpdO MIN — *■ 


1 

Ifcrrz: 

uw — 

4 ^ 


' ~ 

1 * 


WAVEFORMS INPUTS OUTPUTS 

Must be steady Will be steady 


m R* 


Don't care: any Changing: state 

change permitted unknown 


-1.5V ENABLE TO Q7 (11) 
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A to D, D to A 



LF13300 Integrating A/D Analog Building Block 


General Description 

The LF 13300 is the analog section of a precision inte- 
grating analog-to-digital (A/D) system. JFET and bipolar 
transistors (BI-FET) are combined on the same chip to 
provide a high inout impedance unity gain buffer, 
comparator and integrator, along with 9 JFET analog 
switches. The LF 13300 has sufficient resolution to 
construct up to a 4 1 /2-digit Digital Panel Meter (DPM) 
or a 12-bit (plus sign) Data Acquisition System and is 
specifically designed for use with the ADB1200 12-bit 
binary building block. 


*See ADB1200 data sheet for more information. 


Features 

■ Rugged JFETs allow blow-out free handling 

■ High input impedance 10,000 M£2 typ 

■ Automatic offset correction 

— Analog circuitry ccn be physics!!'/ spd aiortriraih/ 
isolated from high noise digital circuits 

■ Analog input range of ±1 IV with ±15V supplies 

■ Wide power supply voltage range ±5V to ± 18V 

■ TTL and CMOS compatible logic 

■ Can interface directly with microprocessors 

■ Versatile: can be used as a 12-bit plus sign binary 
A/D, 4 1/2 -digit, 3 3/4-digit and 3 1 /2-digit Digital 
Panel Meter (DPM) 

■ Low cost 


Block and Connection Diagrams 


OFFSET CORRECTION 



Dual-In-Line Package 



TOP VIEW 

Order Number LF13300D 
See NS Package D18A 


TOP VIEW 
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Absolute Maximum Ratings 






Supply Voltage 

±18V 






Power Dissipation, (Note 1) 

570 mW 






Junction Temperature 

110°C 






Storage Temperature Range 

-65° C to +150°C 






Operating Temperature Range 

0°C to +70°C 






Lead Temperature (Soldering, 10 seconds) 300°C 






Electrical Characteristics (vs = ±i5v, ta = 25°c, unless otherwise noted) 




PARAMETER 

CONDITIONS 

TEST 

LF13300 

UNITS 

CIRCUIT 

MIN 

TYP 

MAX 

Analog Input Current, 1 1 |\j 

V X = 0 

1,2 


80 


pA 


Tmin<Ta<Tmax 




5 

nA 

Analog Input Voltage Range 

V X Adjusted until |I|nI > 10 nA 

1,2 



±11 

V 

Analog Input Resistance 

< 

X 

II 

o 

1,2 


10,000 



Reference Input Currents, Ir 

Vr = 10V 



1 

100 

nA 


tmin<t a <tmax 

3 



10 

ma 

Reference Input Voltage Range 

Vr Adjusted until j 1 r j > IOjuA 

3 

0 


11 

V 

Reference Input Resistance 

Vr = 10V 

3 


1000 



Offset Correction Voltage, — Vr 


4 


-12 


V 

Offset Correction 


5 


20 

2000 

PA 

Input Current, loc 


5 



20 

nA 

Op Amp Slew Rate 


6 


10 


V/ms 

Op Amp Bandwidth 


7 


3 


MHz 

Buffer Slew Rate 


9 


25 


V/ms 

Comparator Response Time 

200 mV Input Stop, 100 mV 

Overdrive 

11 


2.5 


Ms 

Comparator Output Saturation 

Vcc = 5V, Rl= 2k, 

11 


0.25 

0.4 

V 

Voltage 

tmin<ta<tmax 





t 

Logic “1” Input Voltage 

All Switching Input Pins 5, 6, 

7 < 8, Tmin<T A <T M AX 


2.0 


5.0 

V 

Logic "0" Input Voltage 

All Switching Input Pins 5, 6, 

7 > 8, TmiN<T A <T M AX 


-2.0 


0.8 

V 

Logic Input Current 

All Switching Input Pins 5, 6, 

7, 8, 0<V L <5V, T M |N< 

t a <t M ax 



15 

50 

mA 

Power Supply Voltage Range ±V$ 

V r < V + — 3V, V | n = 0V 


±4.75 


±18 

V 





3.0 


mA 





-5.5 


mA 


Tmin<Ta<Tmax 




±11 

mA 

Note 1: For operating at elevated temperatures, the LF13300 in the dual-in-line package must be derated based on the thermal resistance of 

100°C/W junction to ambient. 
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Typical Performance Characteristics 


Integrator Capacitance, 

C vs fcLK for Different 
Integrator Resistances, R 



Offset Correction Bias Current, 



“ -50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 


Logic Input Threshold Voltage 
vs Temperature 



-50 -25 0 25 50 75 100 125 


T a - AMBIENT TEMPERATURE (°C) 


Integration Time Constant 
(RC) vs fcLK f° r Different 
Reference Voltages, Vr 



feudal 


Logic Input Current vs 
Temperature 



-50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 


Comparator Saturation Voltage 
vs Temperature 



T a - AMBIENT TEMPERATURE(°C) 


Analog Input Bias Current, l||\j, 
Vx = OV, vs Temperature 



T A - AMBIENT TEMPERATURE (°C) 


Reference Input Bias Current, 
Ir, vs Temperature 



Power Supply Current vs 
Temperature 



-50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 


Functional Description 

The LF13300 goes through the following 5 states 
during normal cycle: 1) Offset Correction; 2) Polarity 
Determination; 3) Initialization; 4) Ramp Unknown; 
5) Ramp Reference 

Offset Correction Description (Figure 1) 

The Offset Correction scheme will drive the input of 
the comparator to its switching threshold when the 
analog input is zero and the timing components, RC, 
are bypassed. 

The Offset Correction input (OC) is driven high, closing 
switches S4— S9. 


The offset voltages are assigned as follows: Vosi — the 
input offset voltage of the buffer; VoS2 — the input 
offset voltage of A1 ; VoS3 — the input offset voltage of 
A2; VqS4 — the input offset voltage of the comparator. 

S5 grounds the input of the buffer so that its output 
voltage is simply Vosi- S6 bypasses R to keep the 
integration time constant, RC, from affecting the 
circuit operation. S4 makes the total equivalent input 
voltage to A1 be — Vosi — VoS2- ^ puts op amp 
in a unity gain configuration with respect to the input 
of A2. S8 keeps the output voltage of the op amp at 
— Vr + VoS4 = — Vr' (the Offset Correction potential) 
since the comparator is placed inside the loop. C3 
samples the output of the — Vg generator. The voltage 
at the non-inverting input of A2 is —Vq — Vqsi — 
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Functional Description ' (Continued) 

VqS 2 — VoS3 + VoS4 = VI. Thus, the sum of the 
offsets is stored on Cl, and the differential voltage 
across the comparator is zero. 

Polarity Determination (Figure 2) 

The simplified diagram of the LF13300 in the Polarity 
Determination state is shown in Figure 2. S5 and S3 are 
closed during this period. S5 grounds the buffer input 
and Vx (the unknown voltage) is applied through S3 to 
the non-inverting input of A1. The equation that des- 
cribes the op amp output voltage is given in Figure 2. 
When Vx is applied to A1 at t*|, the output of the op 
amp slews to Vx and is integrated until t2, when S3 
opens and S4 closes. At t2, VoUT slews down by — Vx 

1 ft 2 

leaving -r— I Vxdt — Vb' at the op amp output. 
RC J t 2 

Just before t2, the comparator senses the op amp output 
with respect to — Vb; the comparator output goes high 
if Vx > 0 and remains low if Vx < 0. 

Initialization (Figure 1) 

During initialization, the configuration is the same way 
as it is in the Offset Correction state and the op amp 
output is brought back to the Offset Correction poten- 
tial -Vb'. 

Ramp Unknown (Figures 2 and 3) 

In the Ramp Unknown state, if Vx > 0, S3 and S5 are 
closed, as shown in Figure 2, and Vx is applied to the 


+ input of the integrator. If Vx < 0, the device is 
connected as in Figure 3 with S2 and S4 closed. Vx is 
now applied through the buffer to the — input of the 
integrator. In either Ramp Unknown case, the op amp 
output ramps in the positive direction and Vx is applied 
to a high impedance JFET input. 


In this state, the LF13300 is configured with switches 
SI and S4 closed. The reference voltage, Vr, a positive 
voltage, is applied to the buffer input and the op amp 
output ramps down until VoUT " — Vb' where the 
comparator will trip. 

If Vx and Vr are assumed to be constant over their 
respective integration periods, the integrals of Figure 4 
are reduced to, 

VX (t4 ~ t3> _ VR (t5 — t4) 

RC RC ~ 

or 

VX = *5 ~ t4 
Vr t4-t3 ’ 

Since t 4— 13 = 4096 clock periods and t 5 ~ t 4 can be 
measured in clock periods, Vx/Vr = X/2^2, where X is 
a digital binary output representing an analog input 
Vx with respect to Vr. 


Ramp Reference (Figure 4) 
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Functional Description (Continued) 


BUFOUT R OP AMP IN 


V OUT = 


i rM 

-VB' + Vx*— J t3 

i n 2 

-v B ' + v x+ -j ti 


Vx dt: Ramp Unknown for Vx > 0 


Vx dt: Polarity Determination 


c 

I I OP AMP OUT COMP OUT 
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Functional Description (Continued) 




^BUFFER V 0S2 1 I A1J 

i — vs 

V 0S3 


18 \" \ u T 10 

C 0C2___ |Cnn 


rrrrn 




-V S RU- PD/RU+ OC RR 


More accurately 
V 0 UT = " V B 


■ + ^(/.T A VRdt+ /! " Vxd, ) H 


Where 6 is the incremental voltage overdrive needed to fully switch the comparator 
. and A is the sum of the additional time required to develop 5 and the comparator 

propagation delay. 

FIGURE 4. Ramp Reference Circuit 

12-Bit A/D Converter Electrical Characteristics 

12-bit plus sign. (LF13300 with ADB1200). (Vr = 10.000V, Fq = 250 kHz, 0°C < Ta < +70°C unless otherwise noted.) 


PARAMETER 


Resolution (Note 3) 

Non-Linearity 

Ratiornetric Gain Error (Def.) 
Gain Error Drift 
Zero Reading Drift 
Analog Input Voltage Range 
Analog Input Leakage Current 
Analog Input Resistance 
Reference Input Voltage Range 


CONDITIONS 


Vr = 5.000V, -10V < Vx < +10V 
F C = 125 kHz, Ta = 25°C 


Vx = ± 10.000V, Ta = 25 C, (Note 2) 
Vx= 10.000V 
Vx = 0V 

Vx = ov, Ta = 25°C 
V X = OV, Ta = 25°c 
Vr Varied, T A = 25°C 


Reference Input Leakage Current Vr = 10.000V, Ta = 25°C 


Reference Input Resistance 
Start Conversion Pulse Width 
Conversion Time 


Vr = 10.000V, T A = 25°C 
V S C = 2.4V 
V|N = 10.000V 
t c = 8960/F C 

LF13300, V + Current 

LF 13300, V“ Current, ADB1200 
VqG Current 

V|N = 0V, ADB1200 
V$S Current 


Note 2: The A/D converter system must have been operational for a minimum of 30 seconds before this measurement is made. This is to relax the 
dielectric absorption effects of the integration capacitor, C. 

Note 3: Polarity and Overrange outputs are considered as additional output bits. 
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15V Supply Currents 
— 15V Supply Currents 

5V Supply Currents 


TYP 

MAX 

UNITS 



Bits 



Bits 

±1/8 

±1/2 

LSB 

±1/2 

±2 

LSB 

±1 


ppm/°C 

±0.5 


ppm/°C 

±12 


V 

80 

500 

pA 

1000 




12 

V 

1 

100 

nA 

1000 





/is 


36 

ms 


n 

mA 

27 

45 

mA 

23 

39 

mA 
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Application Hints 

Increasing the Input Impedance of the LF13300, 
MM5863 12-Bit A/D Converter 

The input impedance of the LF 13300, ADB1200 
(MM5863) A/D converter can be increased 1 to 2 orders 
of magnitude over the typical 1000 MSI cited in the 
12-bit A/D specifications by insuring that the signals 
that switch the LF13300 do not overlap. A circuit that 
eliminates switching overlap by introducing a Delay 
(td) ~ 3.3k x 100 pF « 300 ns to the rising edge of the 
signals from the ADB1200 (MM5863) is shown in 
Figure 6. Figure 7 shows the operation of this circuit. 
The total delay time t r ' of the output will be equal to 
the inherent gate rise time, t r , plus the RC delay, td. 
The fall time, tf will be the basic gate delay. 

Nulling the Residual Offset 

The residual offset is < 200 juV which is negligible for 
most applications. This can be reduced to < 40 juV by 
lowering the clock frequency from 250 kHz to about 
75 kHz. If a lower residual offset is required, we may 
trim out the remainder as shown in Figure 8. This 
circuit applies a negative step to the offset correction 
capacitor, Coc2/ by means of a variable capacitor which 
is adjusted until charge injection imbalance of the offset 
correction switches are cancelled. 


FROM 

ADB1200 

(MM5863) 


T 3.3k 

L-JVW 


nr 


T 3.3k 

L-Vvv- 


“T ni r 

M/W 


nr 


t 3.3k 

* — vw 


nr 


f~MM74C08~] 

CH - * - " 

I 

I 

!>■ 


0+*" 


CH - * -0 


I I 


FIGURE 6. Overlap Elimination Circuit 



FIGURE 8. Residual Offset Nulling Circuit 


Eliminating Errors Due to Power SupplyNoise 

For many applications, power supply noise (f > 10 Hz) 
causes errors which reduces the accuracy of the system. 
In most applications, noise can be adequately eliminated 
by putting a series resistor (10012) in the power supply 
line with a 10 /iF tantalum capacitor connected at the 
power supply pins (Figure 9). The 10 /iF capacitor is, 
in addition to the normal 0.1 [if ceramic disc capacitors, 
used as supply bypass capacitors. 

Errors caused by noise on the negative supply, — Vg, 
can be further reduced by replacing, Coc3 with a 
10 /jlF low leakage tantalum capacitor. Since — Vb is 
3V above -Vg, any noise appearing at — Vg appears at 
— Vg; the 10 jitF capacitor eliminates this noise. 

Continuous Conversion Mode 

For using the MM5863 in the continuous conversion 
mode, connect the end of conversion output, EOC 
(pin 23), to the output enable input, OE (pin 3), and 
connect the start conversion input, SC (pin 2) to 5V. 

Miscellaneous 

Since none of the output pins employ short-circuit 
protection, extreme care should be taken when bread- 
boarding or troubleshooting with the power ON. 


x c 



FIGURE 7. Rise Time Delay Circuit 



FIGURE 9. Power Supply Noise Reduction Circuit 
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Typical Applications 



. *SC at logic "1" for continuous conversion mode 



;kr — ith ms 

END OF 5v|n n fl 

CONVERSION Qv III ^ II || 


SERIAL CLOCK 
INPUT 


SERIAL OUT 


5V | 
OV ■ 


5V | 
OV * 


rui 

ji 

Lfl 

Jl 

Jl 

ji 

ji 

ji 

ji 

ji 

ji 

ji 

j 




J 

n 

j 

H 



j 

1 

j 



i * 

1 t t ft 1 

f t | t 1 

t 

(+) OR 

2SB 4SB 6SB 

8SB 10SB 

LSB 


POL MSB 3SB 5SB 7SB 9SB USB 


FIGURE 10. Continuous Conversion 12-Bit Plus Sign Serial Output A/D Using the LF13300 and the ADB1200 
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Typical Applications (Continued) 




* Note. Prior to the firsts con vers ion cycle, the data outputs will all be in a "1" state when the 
outputs are enabled (OE in "O” state). 

FIGURE 11. 12-Bit Plus Sign A/D in Command Conversion Mode 


4-Channel Differential Multiplexer with Autozeroed 
Instrumentation Amplifier and 12-Bit A/D Converter 

Figure 12 shows a low speed, high accuracy, data acqui- 
sition unit where the analog input signal is acquired 
differentially and preconditioned through an LF352 
monolithic instrumentation amplifier. To eliminate 
amplifier offset errors, autozeroing circuitry is added 
around the LF352 and is timed through the ADB1200 
and flip-flop C. Flip-flops A and B form a 2-bit up 
counter for channel select. 

The instrumentation amplifier is zeroed at power-up and 
after each conversion as shown in the timing diagram; 


during autozero the multiplexer is disabled. When the 
system does polarity detection and A/D conver- 
sion, the LF352 is active and the multiplexer is enabled. 
The zeroing cycle for the LF 13300 and the LF352 
lasts for 256 clock periods, so the maximum clock 
frequency will depend upon the required accuracy and 
the minimum zeroing time of the instrumentation 
amplifier. Notice here that the system accuracy will be 
less than 12 bits since it will be affected by the gain 
linearity of the instrumentation amplifier. 

For more details concerning data acquisition, see AN-1 56 
and LF1 1508/LF1 1509 data sheet. For details on the 
instrumentation amplifier, see the LF352 data sheet. 
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Typical Applications (Continued) 



Note 1: All diodes, 1N914. 

Note 2: All resistors 1/4W, 5% tolerance. 

Note 3: Circuit drawn for 8V full scale operation input scaling not shown. 

Note 4: Inductive components U4X003 or Microtran PC6714. 

FIGURE 14. 3 3/4 Pius (±8191 Counts) and 3 1/2 -Digit DPM Schematic Diagram 
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Typical Applications (Continued) 

3 3/4 Plus Digit (±8191 Counts)/3 1/2-Digit (±1999 
Counts) DPM 

In this circuit of Figure 14, the LF13300 and ADB1200 
interact as previously described. The CMOS counter 
(MM74C926, MM74C928) is connected to count clock 
pulses during the ramp reference cycle. The counts are 
latched into the display when the comparator output 
trips, (goes low), as shown in the timing diagram 
Figure 15. 

The RC network consisting of R1 and Cl is a low pass 
filter that prohibits the fast transients that occur on the 
comparator output during Offset Correction from 
loading any erroneous counts into the counter. 


The DPM is able to operate from a single 15V power 
supply with the aid of a dc-dc converter. The LM555 
generates the negative voltages required in the circuit 
and also doubles as the clock. The combination of 
Q1, R2, R3 and R4 forms a level shift to convert the 
output swing of the LM555 to a OV— 5V swing that is 
compatible with the logic. The LM340— 5 drops the 
incoming 15V to 5V for use by the logic circuits and 
the LED display. 

This circuit can be a 3 3/4 plus digit DPM if the 
MM74C926 is used or a 3 1/2-digit DPM if the 
MM74C928 is used. These counters are pin compatible 
and physically interchangeable. 



COMP OUTPUT 
PIN 3 (L Ft 3300) 


RR 
PIN 8 

(LF13300) - 


(51) EOC I 
PINS 3, 23 (MM5863) | 


RESET 
PIN 13 
(MM74C926) 


V 


V ) 


CLOCK 
PIN 12 
(MM74C926) 


uiniuuir 


MM5863 CLOCK 


iniuuir 


LATCH ENABLE 
PIN 5 (MM74C926) 


1 


DISPLAYS NO. OF CLOCK PULSES I f 

COUNTED WHEN CLOCK WAS *— 1 
ENABLED 


FIGURE 15. Timing Diagram for 3 3/4-Digit DVM 


3 3/4-Digit DPM Electrical Characteristics 


3 3/4 plus digits plus sign (±8191 counts) DPM system characteristics. 

(Circuit as in Figure 14, V$ = ±15V, Vr = 4.096V, Ta = 25°C, unless otherwise noted.) 


. PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Resolution 

-8.2V < V X < +8.2V 

16,382 



Counts 

Nonlinearity 

V|N = 4.000V 


±1/8 

±1/2 

Counts 

Ratiometric Gain Error 

V||\] = 4.000V 


±1/2 

±2 

Counts 

Gain Error Drift 

V|M = 4.000V, 0°C < Ta < +70° C 


±1 


ppm/°C 

Zero Reading Drift 

V|N = 0V 


±1 


ppm/°C 

Analog Input Voltage Range 




±11 

V 

Reference Input Voltage Range 

Reference Varied 

0 


+12 

V 

Analog Input Leakage Current 

V|N = 0 V 


80 

500 

PA 

Reference Input Leakage Current 

- 


1 

100 

nA 

Analog Input Resistance 

V|N = 0V 


1000 


Mft 

Conversion Time 

V|N = 4.000V, fc= 125 kHz 



74 

ms 
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AC Test Circuits 


Test Circuit 1 

Analog Input Characteristics Test with RU — High 

Test Circuit 2 

Analog Input Characteristics Test with PD/RU+ High 


mm 




m 


Test Circuit 3 

Reference Input Characteristic Test with RR High 


Test Circuit 4 

-VB Voltage Measurement Test 


1 

n 2 


mm 

HI 

n 3 


HI 

0 4 

LF13300 

15 rt 

5 

-V B 

14 0 

Bfl 


13 

0— — 

(X)S9 

12 

H 


11 

10 


Test Circuit 5 

Offset Correction Input Current, Iqc Test 


Test Circuit 6 
Op Amp Slew Rate Test 


1 — 


LF13300 
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AC Test Circuits (Continued) 


Test Circuit 7 
Frequency Response Test 



Test Circuit 8 
Open Loop Gain Test 



Test Circuit 9 
Buffer Slew Rate Test 
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Typical Applications (Continued) 
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National 

Semiconductor 


A to D, D to A 


LM131A/LM131, LM231A/LM231, LM331A/LM331 
Precision Voltage-to- Frequency Converters 


General Description 


The LM131/LM231/LM331 family of voltage-to- 
frequency converters are ideally suited for use in simple 
low-cost circuits for analog-to-digital conversion, 
precision frequency-to-voltage conversion, long-term 
integration, linear frequency modulation or demodu- 
lation, and many other functions. The output when used 
as a voltage-to-frequency converter is a pulse train at a 
frequency precisely proportional to the applied input 
voltage. Thus, it provides all the inherent advantages of 
the voltage-to-frequency conversion techniques, and is 
eday Lu apply i r. a!! standard vcltage-to-f requeue'/ 
converter applications. Further, the LM131A/LM231 A/ 
LM331A attains a new high level of accuracy versus 
temperature which could only be attained with 
expensive voltage-to-frequency modules. Additionally 
the LM131 is ideally-suited for use in digital systems at 
low power supply voltages and can provide low-cost 
analog-to-digital conversion in microprocessor-controlled 
systems. And, the frequency from a battery powered 
voltage-to-frequency converter can be easily channeled 
through a simple photoisolator to provide isolation 
against high common mode levels. 

The LM131/LM231/LM331 utilizes a new temperature- 
compensated band-gap reference circuit, to provide 
excellent accuracy over the full operating temperature 
range, at power supplies as low as 4.0 V. The precision 
timer circuit has low bias currents without degrading 


the quick response necessary for 100 kHz voltage-to- 
frequency conversion. And the output is capable of 
driving 3 TTL loads, or a high voltage output up to 
40 V, yet is short-circuit-proof against Vcc- 


Features 


Guaranteed linearity 0.01% max 

Improved performance in existing voltage-to-frequency 
conversion applications 

Split or single supply operation 

Operates on single 5V supply 

Pulse output compatible with all logic forms 

Excellent temperature stability, ±50ppm/°C max 

Low power dissipation, 1 5 mW typical at 5 V 

Wide dynamic range, lOOdB min at 10kHz full scale 
frequency 

Wide range of full scale frequency, 1 Hz to 100 kHz 


Typical Applications 


15V = V S 

I Rt 

6.8k ±1 %* 


V, N 10V 

FULL-SCALE 


— * — C| N 

✓JN 0.1 *iF 


C L >RL 4 2 

ImF >iook -i- L 

V MYLAR <±1%* - < , 


’OUT 
- 10 kHz 
FULL-SCALE 


-V S 

(OPTIONAL) 
OFFSET ADJUST 


*Use stable components with low temperature coefficients. See Typical Applications section. 


FIGURE 1. Simple Stand-Alone Voltage-to-Frequency Converter 
with ±0.03% Typical Linearity (f = 10 Hz to 11 kHz) 
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Absolute Maximum Ratings 


LM131A/LM131 LM231A/LM231 LM331A/LM331 


Supply Voltage 

Output Short Circuit to Ground 
Output Short Circuit to Vpp 
Input Voltage 

Operating Ambient Temperature Range 

Power Dissipation (Pp at 25°C) 
and Thermal Resistance (0j/\) 

(H Package) Pp 

0jA 

(N Package) Pp 

0jA 


40V 

Continuous 
Continuous 
-0.2 V to +Vs 
t min Tmax 


670 mW 
150°C/W 


40 V 

Continuous 
Continuous 
-0.2 V to +V$ 
Tmin t MAX 


-55 C to +125 C -25 C to +85° C 


570 mW 
150°C/W 
500 rn.W 
155°C/W 


40 V 

Continuous 
Continuous 
-0.2 V to +Vs 

Tmin t max 

0°C to +70° C 


570 mW 
150°C/W 
500 mW 
155°C/W 


Electrical Characteristics Ta = 25°C unless otherwise specified. (Note 1) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VFC Non-Linearity (Note 2) 

4.5V < Vs < 20V 


±0.003 

±0.01 

% Full- 






Scale 


tmin <Ta<Tmax 


±0.006 

±0.02 

% Full- 






Scale 

In Circuit of Figure 1 

Vs= 15V, f = 10 Hz to 11 kHz 


±0.024 

±0.14 

% Full- 






Scale 

Conversion Accuracy Scale Factor 
(Gain) 

V|N = -10V, Rs= 14 kQ 





LM131, LM131A, LM231, LM231A 


0.95 

1.00 

1.05 

kHz/V 

LM331 , LM331A 


0.90 

1.00 

1.10 

kHz/V 

Temperature Stability of Gain 

Tmin < Ta < t M ax, 4.5V < v s < 20V 





LM131/LM231/LM331 



±30 

±150 

ppm/°C 

LM131 A/LM231 A/LM331 A 



o 

CM 

+1 

±50 

ppm/°C 

Change of Gain with V§ 

4.5V < Vs < 10V 


0.01 

0.1 

%/V 


10V < Vs < 40V 


0.006 

0.06 

%/V 

Rated Full-Scale Frequency 

V|N = -S-10V 

10.0 



kHz 

Overrange (Beyond Full-Scale) 

Frequency 

V|N = -liv 

10 



% 


INPUT COMPARATOR 


Offset Voltage 



±3 

LM131/LM231/LM331 

tmin <t a < tmax 


±4 

LM131 A/LM231 A/LM331 A 

tmin <t a < tmax 


±3 

Bias Current 



-80 

Offset Current 



±8 

Common-Mode Range 

tmin <t a < tmax 

-0.2 




TIMER 

Timer Threshold Voltage, Pin 5 

Input Bias Current, Pin 5 
All Devices 

LM131/LM231/LM331 
LM131 A/LM231A/LM331A 

VSAT PIN 5 (Reset) 


V$ = 15V 

0V< Vp| N 5 < 9.9V 
VPIN5= 10V 
Vp IN 5 = 10V 

I = 5 mA 





Electrical Characteristics (Continued) Ta = 25°C unless otherwise specified (Note 1) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

CURRENT SOURCE (Pin 1) j 

Output Current 

RS= 14 kft, Vp|N i = 0 





LM131, LM131A, LM231, LM231A 


126 

135 

144 


LM331, LM331A 


116 

136 

156 

gA 

Change with Voltage 

OV < VpiN i < 10V 


0.2 

1.0 

PA 

Current Source OFF Leakage 






LM131, LM131A 



0.01 

1.0 

nA 

LM231. LM231A, LM331, LM331A 



0.02 

10.0 

nA 

All Devices 

Ta = Tmax 


2.0 

50.0 

nA 

Operating Range of Current (Typical) 



(10 to 500) 


ma 

REFERENCE VOLTAGE (Pin 2) | 

LM131, LM131A, LM231, LM231A 


1.76 

1.89 

2.02 

vdc 

LM331, LM331A 


1.70 

1.89 

2.08 

vdc 

Stability vs Temperature 



±60 


ppm/°C 

Stability vs Time, 1000 Hours 



±0.1 


% 

LOGIC OUTPUT (Pin 3) | 

VSAT 

I = o mM 


n m 

0.50 



1 = 3.2 mA (2TTL Loads), T|\/| in <Ta<T|\/|AX 


0.10 

0.40 

V 

OFF Leakage 



±0.05 

1.0 

mA 

SUPPLY CURRENT | 

LM131 , LM131A, LM231, 

> 

CO 

> 

2.0 

3.0 

4.0 

mA 

LM231A 

Vs = 40V 

2.5 

4.0 

6.0 

mA 

LM331, LM331A 

Vs = 5V 

1.5 

3.0 

6.0 

mA 


Vs = 40V 

2.0 

4.0 



8.0 

mA 


Note 1 : All specifications apply in the circuit of Figure 3, with 4.0V < Vg < 40V, unless otherwise noted. 

Note 2: Nonlinearity is defined as the deviation of foUT from V IN x (10 kHz/-10 Vdc) when the circuit has been trimmed for zero error at 
10 Hz and at 10 kHz, over the frequency range 1 Hz to 1 1 kHz. For the timing capacitor, Cj, use NPO ceramic, Teflon*, or polystyrene. 


Functional Block Diagrams 




8-253 


M131A/LM131, 

M231A/LM231, LM331A/LM331 





I131A/LM131, 

1231 A/LM231, LM331 A/LM331 


Typical Performance Characteristics 

(All electrical characteristics apply for the circuit of Figure 3, unless otherwise noted.) 


Nonlinearity Error, LM131 
Family, as Precision V-to-F 
Converter (Figure 3) 



Frequency vs Temperature, 
LM131A 



100kHz Nonlinearity Error, 
LM131 Family (Figure 4) 



0 20 40 60 BD 100 120 

FREQUENCY, kHz 


Nonlinearity Error, LM131 
Family 



0.0001 0.001 0.01 0.1 1 10 100 
FREQUENCY, kHz 

VREF vs Temperature, 

LM131A 

1.930 
1.928 
1.926 
1.924 

> 1.922 
S 1.920 

> 1.918 
1.916 
1.914 
1.912 
1.910 

-75 -25 +25 +75 +125+150 

TEMPERATURE, °C 

Nonlinearity Error, LM131 

(Figure 1) 


+0.04 
* +0.03 

0 +0.02 

1 4JI 
> 

t 0 
| - 0.01 
I -0.02 

i -0.03 
-0.04 

0 2 4 6 8 10 12 

FREQUENCY, kHz 


Nonlinearity vs Power Supply 
Voltage 



5 10 15 20 25 30 35 40 

POWER SUPPLY VOLTAGE, Vs 


Output Frequency vs 
VSUPPLY 



5 10 15 20 25 30 35 40 

VSUPPLY. V 


Input Current (Pins 6, 7) vs 
Temperature 



-75 -25 +25 +75 +125 +150 

TEMPERATURE, °C 




Power Drain vs VSUPPLY 


Output Saturation Voltage vs 
• OUT (Pin 3) 


1 

1 

1 

1 


■ 

1 

1 

1 


i 

■ 

P 

I 

2 

1 

I 

s 

i 

N 


1 


1 

1 

1 

1 

■ 

1 

1 

■ 

1 

1 

1 

1 

■ 


1 

■ 

1 


5 10 15 20 25 30 35 40 



10 20 30 40 50 


Nonlinearity Error, Precision 
F-to*V Converter (Figure 6) 
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^SUPPLY. V 
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Typical Applications (Continued) 

PRINCIPLES OF OPERATION OF A SIMPLIFIED 
VOLTAGE-TO-FREQUENCY CONVERTER 

The LM131 is a monolithic circuit designed for accuracy 
and versatile operation when applied as a voltage-to- 
frequency (V-to-F) converter or as a frequency-to- 
voltage (F-to-V) converter. A simplified block diagram 
of the LM131 is shown in Figure 2 and consists of a 
switched current source, input comparator, and 1-shot 
timer. 

The operation of these blocks is best understood by 
going through the operating cycle of the basic V-to-F 
converter, Figure 2, which consists of the simplified 
block diagram of the LM131 and the various resistors 
and capacitors connected to it. 

The voltage comparator compares a positive input 
voltage, VI, at pin 7 to the voltage, V x , at pin 6. If VI is 
greater, tne comparator will Liiyye. the 1-shct timer. The 
output of the timer will turn ON both the frequency 
output transistor and the switched current source for a 
period t - 1.1 RtC*. During this period, the current i 
will flow out of the switched current source and provide 
a fixed amount of charge, Q = i x t, into the capacitor, 
Cl_. This will normally charge V x up to a higher level 
than VI. At the end of the timing period, the current 
i will turn OFF, and the timer will reset itself. 

Now there is no current flowing from pin 1, and the 
capacitor C|_ will be gradually discharged by R[_ until 
V x falls to the level of VI. Then the comparator will 
trigger the timer and start another cycle. 

The current flowing into C|_ is exactly IaVE = • x 
(1.1 x RtCt) x f, and the current flowing out of Cl is 
exactly V x /Rl — Vin/RL- If V||\| ' s doubled, the fre- 
quency will double to maintain this balance. Even a 
simple V-to-F converter can provide a frequency pre- 
cisely proportional to its input voltage over a wide 
range of frequencies. 


c, 



i; 


FIGURE 2. Simplified Block Diagram of Stand-Alone 
Voltage-to-Frequency Converter Showing LM131 and 
External Components 


DETAIL OF OPERATION, FUNCTIONAL BLOCK 
DIAGRAM (FIGURE la) 

The block diagram shows a band gap reference which 
provides a stable 1.9 Vqc output. This 1.9 Vqc is well 
regulated over a V s range of 3.9V to 40V. It also has a 
flat, low temperature coefficient, and typically changes 
less than 1/2% over a 100°C temperature change. 

The current pump circuit forces the voltage at pin 2 to 
be at 1.9V, and causes a current i = 1.90V/R S to flow. 
For R s = 14k, i = 135 juA. The precision current reflector 
provides a current equal to i to the current switch. The 
current switch switches the current to pin 1 or to 
ground depending on the state of the R$ flip-flop. 

The timing function consists of an R$ flip-flop, and a 
timer comparator connected to the external RtCt 
network. When the input comparator detects a voltage 
at pin 7 higher than Din 6, it sets the Rs flip-flop which 
turns ON the current switch and the output driver 
transistor. When the voltage at pin 5 rises to 2/3 V cc» 
the timer comparator causes the Rg flip-flop to reset. 
The reset transistor is then turned ON and the current 
switch is turned OFF. 

However, if the input comparator still detects pin 7 
higher than pin 6 when pin 5 crosses 2/3 Vcc» the 
flip-flop will not be reset, and the current at pin 1 will 
continue to flow, in its attempt to make the voltage at 
pin 6 higher than pin 7. This condition will usually 
apply under start-up conditions or in the case of an 
overload voltage at signal input. It should be noted that 
during this sort of overload, the output frequency will 
be 0; as soon as the signal is restored to the working 
range, the output frequency will be resumed. 

The output driver transistor acts to saturate pin 3 with 
an ON resistance of about 50f2. In case of overvoltage, 
the output current is actively limited to less than 50 mA. 

The voltage at pin 2 is regulated at 1.90 Vqc f° r a " 
values of i between 10 /iA to 500 /iA. It can be used as a 
voltage reference for other components, but care must 
be taken to ensure that current is not taken from it 
which could reduce the accuracy of the converter. 

PRINCIPLES OF OPERATION OF BASIC VOLTAGE- 
TO-FREQUENCY CONVERTER (FIGURE 1) 

The simple stand-alone V-to-F converter shown in 
Figure 1 includes all the basic circuitry of Figure 2 
plus a few components for improved performance. 

A resistor, R | |\j = 100 kfi ±10%, has been added in the 
path to pin 7, so that the bias current at pin 7 (-80 nA 
typical) will cancel the effect of the bias current at pin 6 
and help provide minimum frequency offset. 

The resistance R s at pin 2 is made up of a 12 kft fixed 
resistor plus a 5 k£2 (cermet, preferably) gain adjust 
rheostat. The function of this adjustment is to trim out 
the gain tolerance of the LM131, and the tolerance of 
Rt, Rl and Ct- For best results, all the components 
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Typical Applications (Continued) 


should be stable low-temperature*coefficient compon- 
ents, such as metal-film resistors. The capacitor should 
have low dielectric absorption; depending on the temper- 
ature characteristics desired, NPO ceramic, polystyrene, 
Teflon* or polypropylene are best suited. 

A capacitor is added from pin 7 to ground to act as a 
filter for V | |sj. A value of 0.01 juF to 0.1 fif will be 
adequate in most cases; however, in cases where better 
filtering is required, a 1 \ uF capacitor can be used. When 
the RC time constants are matched at pin 6 and pin 7, 
a voltage step at V||\j will cause a sjep change in foUT* 
If C|N is much less than Cl, a step at V|[\j may cause 
fOUT to stop momentarily. 

A 4712 resistor, in series with the 1 juF Cl, is added to 
give hysteresis effect which helps the input comparator 
provide the excellent linearity (0.03% typical). 

DETAIL OF OPERATION OF PRECISION V-TO-F 
CONVERTER (FIGURE 3) 

In this circuit, integration is performed by using a con- 
ventional operational amplifier and feedback capacitor, 
Cf. When the integrator's output crosses the nominal 
threshold level at pin 6 of the LM131, the timing cycle is 

* Registered trademark of DuPont 


initiated. The average current fed into the op amp's 
summing point (pin 2) is i x (1.1 RtCt) x f which is 
perfectly balanced with — V||sj/R |jsj. In this circuit, the 
voltage offset of the LM131 input comparator does not 
affect the offset or accuracy of the V-to-F converter as 
it does in the stand-alone V-to-F converter; nor does the 
LM131 bias current or offset current. Instead, the offset 
voltage and offset current of the operational amplifier 
are the only limits on how small the signal can be 
accurately converted. Since op amps with voltage offset 
well below 1 mV and offset currents well below 2 nA 
are available at low cost, thi$ circuit is recommended for 
best accuracy for small signals. This circuit also responds 
immediately to any change of input signal (which a 
stand-alone circuit does not) so that the output fre- 
quency will be an accurate representation of V||\i, as 
quickly as 2 output pulses' spacing can be measured. 

In the precision mode, excellent linearity is obtained 
because the current source (pin 1) is always at ground 
potential and that voltage does not vary with V||\| or 
fOUT- On the stand-alone V-to-F converter, a major 
cause of non-linearity is the output impedance at pin 1 
which causes i to change as a function of V||\j). 

The circuit of Figure 4 operates in the same way as 
Figure 3, but with the necessary changes for high speed 
operation. 



*Use stable components with low temperature coefficients. See Typical Applications section. 

**This resistor can be 5 kf2 or 10 kft for Vg = 8 V to 22V, but must be 10 kn for Vg = 4.5V to 8V. 

***Use low offset voltage and low offset current op amps for A1 : recommended types LM108, LM308A, LF351B 

FIGURE 3. Standard Test Circuit and Applications Circuit, Precision Voltage-to-Frequency Converter 
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Typical Applications (Continued) 

DETAILS OF OPERATION, FREQUENCY-TO- 
VOLTAGE CONVERTERS (FIGURES 5 AND 6) 


with a 0.1 second time constant, and settling of 0.7 sec- 
ond to 0.1% accuracy. 


In these applications, a pulse input at f||\j is differen- 
tiated by a C-R network and the negative-going edge at 
pin 6 causes the input comparator to trigger the timer 
circuit. Just as with a V-to-F converter, the average 
current flowing out of pin 1 is (AVERAGE = • x 
(1.1 R t C t ) x f. “ ’ 

In the simple circuit of Figure 5, this current is filtered 
in the network R[_ = 100 k£2 and 1 /iF. The ripple will 
be less than 10 mV peak, but the response will be slow, 


In the precision circuit, an operational amplifier provides a 
buffered output and also acts as a 2-pole filter. The ripple 
will be less than 5 mV peak for all frequencies above 
1 kHz, and the response time will be much quicker than 
in Figure 5. However, for input frequencies below 200 Hz, 
this circuit will have worse ripple than Figure 5. The 
engineering of the filter time-constants to get adequate 
response and small enough ripple simply requires a study 
of the compromises to be made. Inherently, V-to-F 
converter response can be fast, but F-to-V response 
can not. 
vs 


10k ±10*/. 10k ±10'/.** I 6.8k UK* 


-=■ Rin v «L 

V 1N 100k ±1K* — 
FULL SCALE 


•I00k±10%< -V s 


v s ' WV— ► -V S < I 

OPTIONAL > n — 

OFFSET ADJUST 1 

20k TO 1M 

*Use stable components with low temperature coefficients. 

See Typical Applications section. 

**This resistor can be 5 k£2 or 10 k£2 for Vs = 8 V to 22 V, 
but must be 10 kf2 for V$ = 4.5V to 8 V. 

***1186 low offset voltage and low offset current op amps for A1 : 
recommended types LF351B or LF356. 

FIGURE 4. Precision Voltage-to-Frequency Converter, 
100 kHz Full-Scale, ±0.03% Non-Linearity 




*Use stable components with low temperature coefficients. 

FIGURE 5. Simple Frequency-to-Voltage Converter, 
10 kHz Full-Scale, ±0.06% Non-Linearity 


*Use stable components with low temperature coefficients. 

FIGURE 6. Precision Frequency-to-Voltage Converter, 
10 kHz Full-Scale with 2-Pole Filter, ±0.01% 
Non-Linearity Maximum 
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Typical Applications (Continued) 


Light Intensity to Frequency Converter 


+5VT0 +1SV 



*L14F-1, L14G-1 or LI 4H-1, photo transistor (General Electric Co.) or similar 


Temperature to Frequency Converter 


Vs 



fOUT“TEMP 

10H*/°K 


Basic Analog-to-Digital Converter Using 

Long-Term Digital Integrator Using VFC Voltage-to-Frequency Converter 
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Typical Applications (Continued) 

Analog-to-Digital Converter with Microprocessor 




Remote Voltage-to-Frequency Converter with 2-Wire Transmitter and Receiver 


TO VFC +5 1 0V OUT LM340LAZ-5.0I 'N 

CIRCUITRY ^ T T REGULATOR 1 



Voltage-to-Frequency Converter with Square-Wave Output Using -r 2 Flip-Flop 

+Vs = +4.0VdcTO+15Vdc 



Voltage-to-Frequency Converter with Isolators 




*0UT 1 

4 


0PT0IS0LAT0R 1 
4N28 OR I 

SIMILAR 1 

► 

► 

i 



TO COUNTER 
OR 

TO F-TOV 
CONVERTER 
USING LM131 
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Typical Applications (Continued) 

Voltage-to-Frequency Converter with isolators 



Voltage-to-Frequency Converter with Isolators 

+Vs 



Voltage-to-Frequency Converter with Isolators 



Connection Diagrams 

Metal Can Package 


vs 



TOP VIEW 


Order Number LM131AH, LM131H, LM231AH, 
LM231H, LM331AH or LM331H 
See NS Package H08C 


DuaMn-Line Package 



vs 


COMPARATOR 

INPUT 


THRESHOLD 


R/C 


Order Number LM231AN, LM231N, LM331AN, 
or LM331N 
See NS Package N08B 
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M M54C905/M M74C905 


5 


A to D, D to A 


National 
Semiconductor 

MM54C905/MM74C905 12-Bit Successive Approximation 
Register 

General Description 


The MM54C905/MM74C905 CMOS 12-bit successive 
approximation register contains all the digit control and 
storage necessary for successive approximation analog- 
to-digital conversion. Because of the unique capability 
of CMOS to switch to each supply rail without any offset 
voltage, it can also be used in digital systems as the 
control and storage element in repetitive routines. 

\ 

Features 

■ Wide supply voltage range 3.0V to 15V 


■ Guaranteed noise margin 

■ High noise immunity 

■ Low power TTL 
compatibility 


1.0V 
0.45 V cc typ 

fan out of 2 
driving 74L 


■ Provision for register extension or truncation 


■ Operates in START/STOP or continuous conversion 
mode 


■ Drive ladder switches directly. For 10 bits or less 
with 50k/100k R/2R ladder network 


Connection Diagram 

Dual-ln-Line Package 



Order Number MM54C905D or MM74C905D 
See NS Package D24A 


Truth Table 


Order Number MM74C905N 
See NS Package N18A 
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Absolute Maximum Ratings 

Voltage at Any Pin 

Operating Temperature Range 

MM54C905 

MM74C905 

Storage Temperature Range 

Package Dissipation 

Operating V cc Range 

Absolute Maximum V cc 

Lead Temperature (Soldering, 10 seconds) 

DC Electrical Characteristics 

(Note 1) 

-0.3V to V cc +0.3V 

-55°C to +125°C 
-40° C to +85° C 
-65° C to +150°C 

500 mW 

3.0V to 15V 

16V 

300° C 

Min/max limits apply across temperature range, unless otherwise noted. 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

CMOS TO CMOS 

Logical "1” Input Voltage (V, N(1) ) 

V cc = 5.0V 

3.5 



V 


V cc = 10V 

8.0 



V 

Luylca! "C" input Voltage 

Vnn = 5.0V 



1.5 

V 


Vcc = 10V 



2.0 

v 

Logical "1” Output Voltage (V 0 ut(d) 

V cc = 5.0V, l 0 =-10juA 

4.5 



V 


V cc = 10V, l 0 = ~10pA 

9.0 



V 

Logical "0" Output Voltage (V O ut< 0 )) 

V cc = 5.0V, l Q = lOpA 



0.5 

V 


V cc = 10V, l 0 = 10pA 



1.0 

V 

Logical "V Input Current ( 1 i(\id >) 

V C c = 15V, V| N = 15V 


0.005 

1.0 


Logical "0" Input Current (1 tM<o)) 

V cc = 15V, V IN =0V 

-1.0 

-0.005 


pA 

Supply Current (l C c) 

V cc = 15V 


0.05 

300 

pA 

CMOS/LPTTL INTERFACE 

Logical “1" Input Voltage (V| N(1) ) 




mm 


MM54C905 

V cc = 4.5V 

Vcc-15 


WmM 

V 

MM74C905 

V cc = 4.75V 

Vcc-15 


1 

V 

Logical “0" Input Voltage (V| N(0) ) 




1 


MM54C905 

V cc = 4.5V 



■ 

V 

MM74C905 

V cc = 4.75V 



mm 

V 

Logical "1" Output Voltage (V OUT(1) ) 




i 


MM54C905 

V cc = 4.5V, l o =-360pA 

2.4 



V 

MM74C905 

V cc = 4.75V, l D =-360pA 

2.4 



V 

Logical "0" Output Voltage (V OUT<0) ) 






MM54C905 

V cc = 4.5V, l 0 = 360pA 



0.4 

V 

MM74C905 

V cc = 4.75V, l 0 = 360pA 



0.4 

V 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 

Output Source Current (Isource) 

V cc = 5.0V, V OUT =0V 

-1.75 

-3.3 


mA 

(P-Channel) 

T a = 25° C 





Output Source Current Osource) 

V cc = 10V, V OUT = 0V 

-8.0 

-1.5 


mA 

(P-Channel) 

T a = 25°C 

\ 




Output Sink Current (Isink) 

V cc = 5.0V, V OUT = V cc 

1.75 

3.6 


mA 

(N-Channel) 

T a = 25° C 





Output Sink Current (Isink) 

V cc = 10V, V OUT = V cc 

8.0 

16 


mA 

(N-Chanhel) 

T a = 25°C 





Q1 1-QO Outputs 

V cc = 10V ±5% 





^SOURCE 

Vq UT = V C c — 0.3V 

150 


350 

Q 


T a = 25° C 





^SINK 

V cc = 10V ±5% 






Vqut “ 0.3V 

80 


230 

n 


T a = 25° C 
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AC Electrical Characteristics t a = 25° C, C L = 50 pF, unless qtherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

, UNITS 

Propagation Delay Time From Clock 

V cc = 5.0V 


200 

. 350 

ns 

Input To Outputs (Q0-Q11) (t pd(Q) ) 

v cc ^= iov 


80 

150 

ns 

Propagation Delay Time From Clock 

V cc = 5.0V 


180 

325 

ns 

Input To D 0 (tp d (D 0 )> 

V cc = 10V 


70 

125 

ns 

Propagation Delay Time From Register 

V cc = 5.0V 


190 

350 

ns 

Enable (E) To Output (Q11) (t pd (j=-)) 

V cc = 10V 


75 

150 

ns 

Propagation Delay Time From Clock 

V cc = 5.0V 


190 

350 

ns 

To CC (t pd (cc)) 

V cc = 10V 


75 

0.50 

ns 

Data Input Set-Up Time (t DS ) 

V cc = 5.0V 

80 



ns 


V cc = 10V 

30 



ns 

Start Input Set-Up Time (t ss ) 

V cc = 5.0V 

80 



ns 


V cc = 10V 

30 



ns 

Minimum Clock Pulse Width (t PWL t PWH ) 

V cc = 5.0V 

250 

125 


ns 


V cc = 10V 

100 

50 


ns 

Maximum Clock Rise and Fall Time (t r ,tf) 

V cc = 5.0V 



15 

US 


V cc = 10V 



5 

ys 

Maximum Clock Frequency (f max ) 

V cc =‘5.0V 

2 

4 


MHz 


V cc = 10V 

5 

10 


MHz 

Clock Input Capacitance (C CLK ) 

Clock Input (Note 2} 


10 


pF 

Input Capacitance (C iN ) 

Any Other Input (Note 2) 


5 


. pF 

Power Dissipation Capacitance (C PD ) 

(Note 3) 


100 


PF 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range” they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: CpQ determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics 
application note, AN-90. 


Typical Performance Characteristics 



-55 -35 -15 5 .25 45 65 85 105 125 
- AMBIENT TEMPERATURE (C) 


• These points are guaranteed by automatic testing. 


R SOURCE vs Temperature 

600 
500 

CT a0D 

£ 300 

3 

“ 200 
100 
0 

-55 -35 -15 5 25 45 65 85 105 125 

T a - AMBIENT TEMPERATURE ( C) 

# These points are guaranteed hy automatic testing. 
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USER NOTES FOR A/D CONVERSION 

The register can be used with either current switches 
that require a low voltage level to turn the switch ON or 
current switches that require a high voltage level to turn 
the switch ON. If current switches are used which turn 
ON with a low logic level, the resulting digit output from 
the register is active low. That is, a logic "1 " is represented 
as a low voltage level. If current switches are used which 
turn ON with a high logic level, the resulting digit 
output is active high. A logic "1" is represented as a high 
voltage level. 

For a maximum error of ±1/2 LSB, the comparator must 
be biased. If current switches that require a high voltage 
level to turn ON are used, the comparator should be 
biased +1/2 LSB and if the current switches require a 
low logic level to turn ON, then the comparator must be 
biased -1/2 LSB. 

The register can be used to perform 2's complement 
conversion by offsetting the comparator one half full 


range +1/2 LSB and using the complement of the MSB 
Q1 1 as the sign bit. 

If the register is truncated and operated in the contin- 
uous conversion mode, a lock-up condition may occur 
on power-ON. This situation can be overcome by making 
the START input the "OR" function of CC and the 
appropriate register output. 

The register, by suitable selection of register ladder 
network, can be used to perform either binary or 
BCD conversion. 

The register outputs can drive the 10 bits or less with 
50k/100k R/2R ladder network directly for V cc = 10V 
or higher. In order to drive the 12-bit 50k/100k ladder 
network and have the ±1/2 LSB resolution, the 
MM54C902/MM74C902 or MM54C904/MM74C904 is 
used as buffers, three buffers for MSB (Q1 1 ), two buffers 
for Q10, and one buffer for Q9. 


Typical Applications 


12-Bit Successive Approximation A-to-D Converter, Operating in Continuous 
Mode, Drives the 50k/100k Ladder Network Directly 


12-Bit Successive Approximation A-to-D Converter 
Operating in Continuous 8-Bit Truncated Mode 




Definition of Terms 

CP: Register dock input. 

CC: Conversion complete- this output remains at 
V 0 ut(d during a conversion and goes to V O ut(0) when 
conversion is complete. 

D: Serial data input— connected to comparator output in 
A-to-D applications. 

E: Register enable- this input is used to expand the 
length of the register. When E is at V| N (d Q11 is forced 
to V OUT(1i _and inhibits conversion. When not used for 
expansion E must be connected to V 1N ( 0 ) (GND). 

Q11: True register MSB output. 


Q11: Complement of register MSB output. 

Qi (i = 0 to 11): Register outputs. 

S: Start input— holding start input at V| N(0 ) for at least 
one clock period will initiate a conversion by setting 
MSB (Q11) at V OUT(0) and all other output (Q10— Q0) 
at V 0 ut(d- If set-up time requirements are met, a con- 
version may be initiated by holding start input at V )N ( 0 ) 
for less than one clock period. 

DO: Serial data output— D input delayed by one clock 
period. 
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Industrial Blocks: Functional/Automotive/ 
Telecommunications/Monolithic Filters 


Section Contents 


Automotive 

ADC0808, ADC0809 8-Bit fiP Compatible A/D Converters with 

8-Chanpel Multiplexer 8-60 

LF351 Wide Bandwidth JFET Input Operational Amplifier 3-35 

LF353 Wide Bandwidth Dual JFET Input Operational Amplifier ' 3-42 

LM117/LM217/LM317 3-Terminal Adjustable Regulator 1-23 

LM124/LM224/LM324, LM124A/LM224A/LM324A, LM2902 Low Power 

Quad Operational Amplifiers 3-172 

LM131A/LM131, LM231A/LM231, LM331A/LM331 Precision 

Voltage-to-Frequency Converters 8-251 

LM134/LM234/LM334 3-Terminal Adjustable Current Sources 9-17 

LM135/LM235/LM335, LM135A/LM235A/LM335A Precision Temperature Sensors 9-25 

LM136/LM236/LM336 2.5 V Reference Diode 2-30 

LM136-5.0/ LM236-5.0/ LM336-5.0 5.0V Reference Diode 2-36 

LM139/LM239/LM339, LM139A/LM239A/LM339A, LM2901, LM3302 Low Power 

Low Offset Voltage Quad Comparators 5-27 

LM158/LM258/LM358, LM158A/LM258A/LM358A, LM2904 Low Power 

DualOperational Amplifiers 3-216 

LM383/LM383A7 Watt Audio Power Amplifier 10-32 

LM185-1 .2/LM285-1 .21 LM385-1 .2 Micropower Voltage Reference Diode 2-42 

LM185-2.5/LM285-2.5/LM385-2.5 Micropower Voltage Reference Diode 2-48 

LM903 Fluid Level Detector 9-58 

LM1815 Adaptive Sense Amplifier 9-85 

LM1830 Fluid Detector 9-88 

LM2877 Dual 4-Watt Power Audio Amplifier 10-204 

LM2878 Dual 5 Watt Power Audio Amplifier 10-210 

LM2907. LM2917 Frequency to Voltage Converter : 9-135 

LM2930 3 Terminal Positive Regulator 1-170 

LM2931 Series Low Dropout Regulators 1-176 

LM3909 LED Flasher/Oscillator 9-152 

LM3914 Dot/Bar Display Driver 9-163 

LM3915 Dot/Bar Display Driver 9-177 

LM3916 Dot/Bar Display Driver 9-193 

LM13700/LM13700A/LM11700A Dual Operational Transconductance 

Amplifiers with Linearizing Diodes and Buffers 10-258 

Appliance 

LM383/LM383A 7 Watt Audio Power Amplifier , 10-32 

LM903 Fluid Level Detector ’ 9-58 

LM1815 Adaptive Sense Amplifier 9-85 

LM1830 Fluid Detector 9-88 

LM2877 Dual 4-Watt Power Audio Amplifier 10-204 

LM2878 Dual 5 Watt Power Audio Amplifier 10-210 

LM3914 Dot/Bar Display Driver . . . : 9-163 
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LM122/LM222/LM322, LM2905/LM3905 Precision Timers 9-5 

LM131A/LM131, LM231A/LM231, LM331A/LM331 

Precision Voltage-to-Frequency Converters 8-251 

LM134/LM234/LM334 3-Terminal Adjustable Current Sources 9-17 

LM135/LM235/LM335, LM135A/LM235A/LM335A Precision Temperature Sensors 9-25 

LM555/LM555C Timer 9-33 

LM556/LM556C Dual Timer 9-39 

LM565/LM565C Phase Locked Loop 9-42 

LM566/LM566C Voltage Controlled Oscillator 9-47 

LM567/LM567C Tone Decoder 9-50 

LM733/LM733C Differential Video Amp 9-54 

LM909 Remote Control Receiver 9-64 

LM1014/LM1014A Motor Speed Regulator 9-69 

LM1391 Phase-Locked Loop Block 10-104 

LM1801 Smoke Detector ; 9-73 

Livi ioi2 Uiirasuniu Ticuiauciver 9-77 

LM1851 Ground Fault Interrupter 9-94 

LM1871 RC Encoder/Transmitter 9-101 

LM1872 Radio Control Receiver/Decoder 9-116 

LM3080/LM3080A Operational Transconductance Amplifier 9-148 

LM3909 LED Flasher/Oscillator 9-152 

LM3911 Temperature Controller 9-156 

LM13600/LM13600A/LM11600A Dual Operational Transconductance Amplifiers 

With Linearizing Diodes and Buffers 10-242 

LM13700/LM13700A/LM11700A Dual Operational Transconductance 

Amplifiers with Linearizing Diodes and Buffers 10-258 

MF10 Universal Monolithic Dual Switched Capacitor Filter 9-212 

Display Drivers 

LM3909 LED Flasher/Oscillator 9-152 

LM3914 Dot/Bar Display Driver 9-163 

LM3915 Dot/Bar Display Driver 9-177 

LM3916 Dot/Bar Display Driver 9-193 

Telecommunications 

TP5116A, TP5117A, TP5156A Monolithic CODECs 9-223 

TP3020/TP3021 Monolithic CODECs 9-229 

TP3040/TP3040A PCM Monolithic Filter 9-238 

TP3051, TP3056 Monolithic Parallel Interface CODEC/Filter Family 9-245 

TP3052, TP3053, TP3054, TP3057 Monolithic Serial Interface 

CODEC/Filter Family 9-247 

TP3110, TP3120 Digital Line Interface Controllers (DLIC) 9-249 

TP5087 /TP5087A, TP5092/TP5092A, TP5094/TP5094A 

DTMF (TOUCH-TONE®) Generators 9-250 

TP5088 DTMF Generator for Binary Input Data 9-254 

TP9151, TP9152, TP9156, TP9158 Push Button Pulse Dialer Circuits with Redial 9-255 

TP50981 /TP50981 A, TP50982/TP50982A, TP50985/TP50985A 

Push Button Pulse Dialer Circuits 9-260 

TP5395, TP53125 DTMF (TOUCH-TONE®) Generators 9-266 
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TP5650, TP5660 Ten-Number Repertory DTMF Generators 9-287 
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National 
Semiconductor 

Definition of Terms 

Capacitor Saturation Voltage: The offset voltage 
remaining on the timing capacitor after capacitor 
discharge current has dropped to zero. 

Collector Saturation Voltage: The collector to emitter 
voltage on the output transistor when it is in the "ON" 
state with specified sink current flowing into the 
collector terminal. 

Common-Mode Rejection Ratio: The ratio of the change 
in input offset voltage to the peak-to-peak input voltage 
range. 

Comparator Input Current: The average current flowing 
from the R/C pin during the timing cycle. 

C*: Timing capacitor connected between the R/C 
terminal and the ground terminal. 

Emitter Saturation Voltage: The voltage across the 
output transistor when the collector is tied to V + , the 
transistor is in the "ON" state, and the specified output 
current is flowing from the emitter terminal. 

Input Bias Current: The average of the two input 
currents. 

Input Offset Current: The difference in the current into 
the two input terminals when the supply (output) 
current is 4.0 mA. 

Input Offset Voltage: The voltage which must be 
applied between the input terminals through equal 
resistances to obtain 4.0 mA of supply (output) current. 

Input Resistance: The ratio of the change in input 
voltage to the change in input current at either input 
with the other input connected to 1 .0 Vdc. 

Input Voltage Range: The range of voltages on the 
input terminals for which the device operates within 
specifications. 

Linearity: The deviation in output voltage from a 
straight line output over a specified temperature 
excursion. 

Long Term Stability: The change of a particular para- 
meter when operated at maximum temperature for 
1000 hours. 

Maximum Power Dissipation: The maximum total 
device dissipation for which the timer will operate 
within specifications. 

Open Loop Output Resistance: The ratio of a specified 
supply (output) voltage change to the resulting change 
in supply (output) current at the specified current level. 

Open Loop Transconductance: The ratio of the supply 
(output) current SPAN to the input voltage required to 
produce that SPAN. 


Industrial Blocks 


Open Loop Supply Current: The supply current required 
with the signal amplifier A2 biased off (inverting input 
positive, non-inverting input negative) and no load on 
the VreF terminal. 

This represents a measure of the minimum low end 
signal current. 

Output Leakage Current: The maximum current flowing 
into the collector of the output transistor when the 
transistor is in the "OFF" state. 

Output Sink Current: The current available to flow into 
a load from a positive supply over a specified output 
voltage range. 

Output Source Current: The current available to flow 
into a load from the output to V - , over a specified 
output voltage range. 

Output Voltage: The voltage referred to the V + terminal 
from the output terminal with the input and output 
connected. (This voltage is the temperature 6utput of 
the LM391 1 and so includes errors in the sensor section 
and op amp section.) 

Power Supply Rejection Ratio: The ratio of the change 
in input offset voltage to the change in supply (output) 
voltage producing it. 

Reference Voltage Line Regulation: The ratio of the 
change in Vref t0 the peak-to-peak change in supply 
(output) voltage producing it. 

Reference Voltage Load Regulation: The change in 
Vrep for a stipulated change in Iref- 

Reset Resistor: The equivalent resistor which may be 
used to calculate the discharge time of the timing 
capacitor, tQISCHARGE = (5) (C t ) (RrESET)- 

Reverse Breakdown Voltage: The voltage appearing 
between the V + and V~ terminals at a specified current. 

R*: Timing resistor connected between Vref and the 
R/C terminal. 

Temperature Stability: The percentage in output 
voltage for a thermal variation from room temperature 
to either temperature extreme. 

Timing Ratio: The ratio of the firing voltage at the 
R/C pin to the reference voltage. 

Trigger Current: The current flowing into or out of the 
trigger terminal at the specified trigger voltage. 

Trigger Voltage: The voltage required at the trigger 
terminal to initiate a timing cycle, referenced to the 
ground pin. 
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National Industrial Blocks 

mA Semiconductor 

LM122/LM222/LM322, LM2905/LM3905 Precision Timers 


General Description 

The LM122 series are precision timers that offer 
great versatility with high accuracy. They operate 
with unregulated supplies from 4.5V to 40V while 
maintaining constant timing periods from micro- 
seconds to hours. Internal logic and regulator cir- 
cuits complement the basic timing function 
enabling the LM122 series to operate in many 
different applications with a minimum of external 
components. 

The output of the timer is a floating transistor 
with built in current limiting. It can drive either 
ground referred or supply referred loads up to 40V 
and 50 mA. The floating nature of this output 
makes it ideal for interfacing, lamp or relay driv- 

my, U..U o.yi.ui 3 • ~r~.. CO!- 

lector or emitter is required. A "logic reverse" cir- 
cuit can be programmed by the user to make the 
output transistor either "on" or "off" during the 
timing period. 

The trigger input to the LM122 series has a thresh- 
old of 1.6V independent of supply voltage, but it 
is fully protected against inputs as high as ±40V - 
even when using a 5V supply. The circuitry reacts 
only to the rising edge of the trigger signal, and is 
immune to any trigger voltage during the timing 
periods. 

An internal 3.15V regulator is included in the 
timer to reject supply voltage changes and to pro- 
vide the user with a convenient reference for appli- 
cations other than a basic timer. External loads up 
to 5 mA can be driven by the regulator. An inter- 
nal 2V divider between the reference and ground 
sets the timing period to 1 RC. The timing period 
can be voltage controlled by driving this divider 


with an external source through the V^dj pin. 
Timing ratios of 50:1 can be easily achieved. 

The comparator used in the LM122 utilizes high 
gain PNP input transistors to achieve 300 pA typi- 
cal input bias current over a common mode range 
of 0V to 3V. A boost terminal allows the user to 
increase comparator operating current for timing 
periods less than 1 ms. This lets the timer oper- 
ate over a 3/us to multi-hour timing range with 
excellent repeatability. 

The LM122 operates over a temperature range of 
-55°C to +125°C. An electrically identical LM222 
is specified from -25° C to +85° C, and the LM322 
is specified from 0°C to +70°C. The LM2905/ 
LlVloauo die lueiiliuai iu ilic Lm 122 GGtiCG CXCCpt 
that the boost and Vadj P' n options are not 
available, limiting minimum timing period to 1 ms. 

Features 

■ Immune to changes in trigger voltage during 
timing interval 

■ Timing periods from microseconds to hours 

■ Internal logic reversal 

■ Immune to power supply ripple during the 
timing interval 

■ Operates from 4.5V to 40V supplies 

■ Input protected to ±40V 

■ Floating transistor output with internal current 
limiting 

■ Internal regulated reference 

■ Timing period can be voltage controlled 

■ TTL compatible input and output 


Typical Applications 
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Basic Timer-Collector Output and Timing Chart 
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Absolute Maximum Ratings 

Power Dissipation 
V + Voltage 

Collector Output Voltage 
V REF Current 
Trigger Voltage 
Vadj Voltage (Forced) 

Logic Reverse Voltage 

Output Short Circuit Duration (Note 1 ) 

Lead Temperature (Soldering, 10 sec) 

Electrical Characteristics (Not 


Operating Temperature Range 
LM122 
LM222 
LM322 
LM2905 
LM3905 


-55°C<T A <+125°C 
-25°C < Ta < +85°C 
0°C < T A < +70°C 
-40°C < T A < +85°C 
0°C < T A < +70°C 


PARAMETER 

CONDITIONS 


Timing Ratio 

Ta = 25°C, 4.5V < V + < 40V 

0.626 0.632 


8oost Tied to V + , (Note 3) 

0.620 0.632 

Comparator Input Current 

Ta = 25°C, 4.5V <V + < 40V 

0.3 


Boost Tied to V + 

30 

Trigger Voltage 

Ta = 25°C, 4.5V < V + < 40V 

1.2 1.6 

Trigger Current 

T A = 25°C, Vjriq = 2V 

25 

Supply Current 

Ta>25°C, 4.5V < V + < 40V 

2.5 

Timing Ratio 

4.5V <V + < 40V 

0.62 


Boost Tied to V + 

0.62 

Comparator Input Current 

4.5V <V + < 40V 

-5 


Boost Tied to V + , (Note 4) 


Trigger Voltage 

4.5V <V + < 40V 

0.8 

Trigger Current 

VTRIG = 2.5V 


Output Leakage Current 

Vce = 40V 


Capacitor Saturation Voltage 

R t >1Mfi 

2.5 


R t = 10 k Si' 

25 

Reset Resistance 


150 

Reference Voltage 

Ta = 25° C 

3 3.15 

Reference Regulation 

0 < loUT ^ 3 mA 

20 


4.5V <V + < 40V 

6 

Collector Saturation Voltage 

lL = 8 mA 

0.25 

- 

lL = 50 mA 

0.7 

Emitter Saturation Voltage 

Ta = 25°C, 1 1_ = 3 mA 

1.8 


T a = 25° C, 1 1_ = 50 mA 

2.1 

Average Temperature 


0.003 

Coefficient of Timing Ratio 



Minimum Trigger Width 

VTRIG = 3V 

0.25 


LM2905/LM3905 



Note 1: Continuous output shorts are not allowed. Short circuit duration at ambient temperatures up to 40° C may be calculated fromt = 120/ 

Vce seconds, where V^E ' s the collector to emitter voltage across the output transistor during the short. 

Note 2: These specifications apply for Tamin < T A < T A MAX unless otherwise noted. 

Note 3: Output pulse width can be calculated from the following equation: t = (R t )(C t )[1 — 2(0.632 — r ) — Vq/Vr^p) where r is timing ratio 

and Vc is capacitor saturation voltage. This reduces to t = (R t )(C t ) for all but the most critical applications. 

Note 4: Sign reversal may occur at high temperatures (> 100° C) where comparator input current is predominately leakage. See typical curves. 


Typical Performance Characteristics 
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Schematic Diagram 


COLLECTOR 



Connection Diagrams 


Metal Can Package 

EMITTER 



Order Number LM122H, 
LM222H or LM322H 
See NS Package H10C 


Dual-ln-Line Package 


Dual-ln-Line Package 



Order Number LM322N 
See NS Package N14A 



Order Number LM2905N or LM3905N 
See NS Package N08B 


\ 
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TRIGGER LOGIC 


Timing Diagram 


4V- 

SIGNAL ON R/C PIN 

TRIGGER 
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TIMER FUNCTION 
(CAPACITOR FROM R/C TO GNO) 


COMPARATOR FUNCTION 
(NO CAPACITOR FROM R/C TO GND, 
R>1kn IN SERIES WITH R/C PIN) 


Pin Function Description 

One of the main features of the LM122 is its 
great versatility. Since this device is unique, a 
description of the functions and limitations of 
each pin is in order. This will make it much 
easier to follow the discussion of the various 
applications presented in this note. 

V + is the positive supply terminal of the LM122. 
When using a single supply, this terminal may be 
driven by any voltage between 4.5V and 40V. 
The effect of supply variations on timing period 
is less than 0.005%/V, so supplies with high ripple 
content may be used without causing pulse width 
changes. Supply bypassing on V + is not generally 
needed but may be necessary when driving highly 
reactive loads. Quiescent current drawn from the 
V + terminal is typically 2.5 mA, independent of 
the supply voltage. Of course, additional current 
will be drawn if the reference is externally loaded. 

The Vref P»n is the output of a 3.15V series 
regulator referenced to the ground pin. Up to 
5.0 mA can be drawn from this pin for driving 
external networks. In most applications the timing 
resistor is tied to. Vref, but it need not be in 
situations where a more linear charging current is 


required. The regulated voltage is very useful in 
applications where the LM 1 22 is not used as a timer; 
such as switching regulators, variable reference 
comparators, and temperature controllers. Typical 
temperature drift of the reference is less than 
0.01%/°C. 

The trigger terminal is used to start a timing 
cycle (see functional diagram). Initially, Q1 is 
saturated, Ct is discharged and the latching buffer 
output (VI) is latched high. A trigger pulse un- 
latches the buffer, VI goes low and turns Q1 
off. The timing capacitor C t connected from R/C to 
GND will begin to charge. When the voltage at the 
R/C terminal reaches the 2.0V threshold of the 
comparator, the comparator toggles, latching the 
buffer output (VI) in the high state. This turns 
on Q1, discharges the capacitor Ct and the cycle is 
ready to begin again. 

If the trigger is held high as the timing period ends, 
the comparator will toggle and VI will go high 
exactly as before. However, VI will not be latched 
and the capacitor will not discharge until the trig- 
ger again goes low. When the trigger goes low, VI 
remains high but is now latched. 
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Pin Function Description (Continued) 

Trigger threshold is typically 1.6V at 25°C and has 
a temperature dependence of -5.0 mV/°C. Cur- 
rent drawn from the trigger source is typically 
20juA at threshold, rising to 600/iA at 30V, then 
leveling off due to FET action of the series resistor, 
R5. For negative input trigger voltages, the only 
current drawn is leakage in the nA region. The 
trigger can be driven from supplies as high as 
±40V, even when device supply voltage is only 
5V. 

The R/C pin is tied to the non-inverting side of 
the comparator and to the collector of Q1. Timing 
ends when the voltage on this pin reaches 2.0V 
(1 RC time constant referenced to the 3.15V 
regulator). Q1 turns on only if the trigger voltage 
has dropped below threshold. In comparator or 
regulator applications of the timer, the trigger 
is held permanently high and the R/C pin acts 
just like the input to an ordinary comparator. 
The maximum voltages which can be applied to 
this pin are +5.5V and -0.7V. Current from the 
R/C pin is typically 300 pA when the voltage is 
negative with respect to the V A pj terminal. For 
higher voltages, the current drops to leakage levels. 

In the boosted mode, input current is typically 
30 nA. Gain of the comparator is very high, 
200,000 or more, depending on the state of the 
logic reverse pin and the connection of the out- 
put transistor. 

The ground pin of the LM122 need not necessarily 
be tied to system ground. It can be connected to 
any positive or negative voltage as long as the 
supply is negative with respect to the V + terminal. 
Level shifting may be necessary for the input 
trigger if the trigger voltage is referred to system 
ground. This can be done by .capacitive coupling 
or by actual resistive or active level shifting. One 
point must be kept in mind; the emitter output 
must not be held above the ground terminal with 
a low source impedance. This could occur, for 
instance, if the emitter were grounded when the 
ground pin of the LM122 was tied to a negative 
supply. 

The terminal labeled V A pj is tied to one side of 
the comparator and to a voltage divider between 
V REF and ground. The divider voltage is set at 
63.2% of V REF with respect to ground-exactly 
one RC time constant. The impedance of the 
divider is increased to about 30k with a series 
resistor to present a minimum load on external 
signals tied to V A pj. This resistor is a pinched 
type with a typical variation in nominal value of 
-50%, +100%. and a TC of 0.7%/°C. For this 
reason, external signals (typically a pot between 
Vrep and ground) connected to V A pj should 
have a source resistance as low as possible. For 
small changes in V A qj, up to several k!2 is all 
right, but for large variations, 25012 or less should 
be maintained. This can be accomplished with a Ik 
pot, since the maximum impedance from the 
wiper is 25012. If a voltage is forced on V A dj from 
a hard source, voltage should be limited to —0.5, 
and +5.0V, or current limited to ±1.0 mA. This 


includes capacitively coupled signals because even 
small values of capacitors contain enough energy 
to degrade the input stage if the capacitor is driven 
with a large, fast slewing signal. The V A dj P‘ n ma y 
be used to abort the timing cycle. Grounding this 
pin during the timing period causes the timer to 
react just as if the capacitor voltage had reached its 
normal RC trigger point; the capacitor discharges 
and the output charges state. An exception to this 
occurs if the trigger pin is held high when the 
V A DJ«P ,n i s grounded. In this case, the output 
changes state, but the capacitor does not discharge. 

If the trigger drops while V ADJ is being held low, 
discharge will occur immediately and the cycle 
will be over. If the trigger is still high when V A dj 
is released, the output may or may not change 
state, depending the voltage across the timing 
capacitor. For voltages below 2.0V across the 
timing capacitor, the output will change state 
immediately, then once more as the voltage rises 
past 2.0V. For voltages above 2.0V, no change 
will occur in the output. This pin is not available 
on the LM2905/LM3905. 

In noisy environments or in comparator-type 
applications, a bypass capacitor on the V A pj 
terminal may be needed to eliminate spurious 
outputs because it is high impedance point. The 
size of the cap will depend on the frequency and 
energy content of the noise. A O.lpF will generally 
suffice for spike suppression, but several (if may 
be used if the timer is subjected to high level 60 Hz 
EMI. 

The emitter and the collector outputs of the 
timer can be treated just as if they were an 
ordinary transistor with 40V minimum collector- 
emitter breakdown voltage. Normally, the emitter 
is tied to the ground pin and the signal is taken 
from the collector, or the collector is tied to V + 
and the signal is taken from the emitter. Variations 
on these basic connections are possible. The 
collector can be tied to any positive voltage up to 
40V when the signal is taken from the emitter. 
However, the emitter will not be pulled higher 
than the supply voltage on the V + pin. Connecting 
the collector to a voltage less than the V + voltage 
is allowed The emitter should not be connected 
to a low impedance load other than that to which 
the ground pin is tied. The transistor has built-in 
current limiting with a typical knee current of 
120 mA. Temporary short circuits are allowed; 
even with collector-emitter voltages up to 40V. 
The power x time product, however, must not 
exceed 1 5 watt-seconds for power levels above the 
maximum rating of the package. A short to 30V, 
for instance, can not be held for more than 4 
seconds. These levels are based on 40°C maximum 
initial chip temperature. When driving inductive 
loads, always use a clamp diode to protect the 
transistor from inductive kick-back. 

A boost pin is provided on the LM122 to 
increase the speed of the internal comparator. 
The comparator is normally operated at low 
current levels for lowest possible input current. 
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Pin Function Description (Continued) 

For timing periods less than 1 ms, where low input 
current is not needed, comparator operating 
current can be increased several orders of magni- 
tude. Shorting the boost terminal to V + increases 
the emitter current of the vertical PNP drivers 
in the differential stage from 25 nA to 5juA. This 
pin is not available on the LM2905/LM3905. 

With the timer in the unboosted state, timing 
periods are accurate down to about 1 ms. In the 
boosted mode, loss of accuracy due to comparator 
speed is only about 800 ns, so timing periods of 
several microseconds can be used. The 800 ns 
error is relatively insensitive to temperature, so 
temperature coefficient of pulse width is still good. 

The Logic pin is used to reverse the signal appearing 
at the output transistor. An open or “high" 
condition on the logic pin programs the output 
transistor to be "off" during the timing period 
and "o n " all nther times. Grounding the logic 
pin reverses the sequence to make the transistor 
“on" during the timing period. Threshold for the 
logic pin is typically 100 mV with 150/iA flowing 
out of the terminal. If an active drive to the' 
logic pin is desired, a saturated transistor drive is 
recommended, either with a discrete transistor or 
the open collector output of integrated logic. 

A maximum V SAT of 25 mV at 200/uA is required. 
Minimum and maximum voltages that may appear 
on the logic pin are 0 and +5.0, respectively. 


Typical Applications (Continued) 

Basic Timers 

Figure 7 is a basic timer using the collector output. 
R t and C t set the time interval with R L as the load. 
During the timing interval the output may be 



OUTPUT 

LOGIC TIED TO V„cf 




~L 

_F 


FIGURE 1. Basic Timer-Collector Output and Timing 
Chart 


Figure 2 is again a basic timer, but with the output 
taken from the emitter of the output transistor. 
As with the collector output, either a high or 
low condition may be obtained during the timing 
period. 




OUTPUT 

LOGIC TIED TO V REF 

T 

i 


OUTPUT 

LOGIC TIED TO GNO 


FIGURE 2. Basic Timer-Emitter Output and Timing 
Chart 


- Therm?! D p i aw Rnlav 


Figure 3 is an application where the LM122 is 
used to simulate a thermal delay relay which 



FIGURE 3. Time Out on Power Up (Relay Energized 
RfCt Seconds After Vqq is Applied) 


prevents power from being applied to other 
circuitry until the supply has been on for some 
time. The relay remains de-energized for R t C t 
seconds after V cc is applied, then closes and 
stays energized until V cc is turned off. Figure 4 
is a similar circuit except that the relay is energized 



either high or low depending on the connection of 
the logic pin. Timing waveforms are shown in the 
sketch along side Figure 1. Note that the trigger 
pulse may be either shorter or longer than the 
output pulse width. 


FIGURE 4. Time Out on Power Up (Relay Energized 
Until R t C t Seconds After V^c is Applied) 

as soon as V cc is applied. R t C t seconds later, the 
relay is de-energized and stays off until the V cc 
supply is recycled. 
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Typical Applications (Continued) 

+5V Supply Driving 28V Relay 

Figure 5 shows the timer interfacing 5V logic to 
a high voltage relay. Although the V + terminal 
could be tied to the +28V supply, this may be 



FIGURE 5. 5V Logic Supply Driving 28V Relay 

an unnecessary waste of power’ in the 1C or require 
extra wiring if the LM122 is on a logic card. 
In either case, the threshold for the trigger is 1.6V. 

30V Supply Interfacing with 5V Logic 

Figure 6 indicates the ability of the timer to 
interface to digital logic when operating off a 
high supply voltage. V OUT swings between +5V 
and ground with a minimum fanout of 5 for 
medium speed TTL. If the logic is sensitive to 
rise/fall time of the trailing edge of the output 
pulse, the trigger pin should be low at that time. 


TRIGGER 



FIGURE 6. 30V Supply Interfacing with 5V Logic 


Astable Operation 

The LM122 can be made into a self-starting 
oscillator by feeding the output back to the 
trigger input through a capacitor as shown in Fig- 
ure 7. Operating frequency is 1/(R t + 

The output is a narrow negative pulse whose width 
is approximately 2R 2 C f . For optimum frequency 
stability, C f should be as small as possible. The 
minimum value is determined by the time required 
to discharge C t through the internal discharge 
transistor. A conservative value for C f can be 
chosen from the graph included with Figure 20. 
For frequencies below 1 kHz, the frequency error 


introduced by C f is a few tenths of one percent or 
less for R t > 500k. 



0 001 0.01 0 1 1.0 10 100 
’ C, iuf) 

FIGURE 7. Oscillator 


One Hour Timer with Reset and Manual Cycle End 

Figure 8 shows the LM122 connected as a one 
hour timer with manual controls for start, reset, 
and cycle end. SI starts timing, but has no effect 
after timing has started. S2 is a center off switch 
which can either end the cycle prematurely with 
the appropriate change in output state and dis- 
charging of C t , or cause C t to be reset to OV 
without a change in output. In the latter case, a 
new timing period starts as soon as S2 is released. 



FIGURE 8. One Hour Timer with Reset and Manual 
Cycle End 


The average charging current through R t is about 
30 nA, so some attention must be paid to parts 
layout to prevent stray leakage paths. The sug- 
gested timing capacitor has a typical self time 
constant of 300 hours and a guaranteed minimum 
of 25 hours at +25°C. Other capacitor types may 
be used if sufficient data is available on their 
leakage characteristics. 
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Typical Applications (Continued) 

Two Terminal Time Delay Switch 

The LM122 can be used as a two terminal time 
delay switch if an "on" voltage drop of 2 V to 3V 
can be tolerated. In Figure 9 , the timer is used 
to drive a relay "on" R t • C t seconds after applica- 
tion of power, "off" current of the switch is 
4 mA maximum, and "on" current can be as high 
as 50 mA. v + 



FIGURE 9. 2-Terminal Time Delay Switch 
Zero Power Dissipation Between Timing Intervals 

In some applications it is desirable to reduce 
supply current drain to zero between timing cycles. 
In Figure 10 This is accomplished by using an 
external PNP as a latch to drive the V + pin of 
the timer. . 



FIGURE 10. Zero Power Dissipation Between Timing 
Intervals 

Between timing periods Q1 is off and no supply 
current is drawn. When a trigger pulse of 5 V 
minimum amplitude is received, the LM 1 22 output 
transistor and Q1 latch for the duration of the 
timing period. D1 prevents the step on the V + pin 
from coupling back into the trigger pin. If the 
trigger input is a short pulse, Cl and R2 may be 
eliminated. R L must have a minimum value of 
(V cc )/(2.5mA). 

Frequency to Voltage Converter 

An accurate frequency to voltage converter can 
be made with the LM122 by averaging output 
pulses with a simple one pole filter as shown in 
Figure 11. Pulse width is adjusted with R2 to 
provide initial calibration at 10 kHz. The collector 
of the output transistor is tied to V REF , giving 
constant amplitude pulses equal to V REF at the 
emitter output. R4 and Cl filter the pulses to 


give a dc output equal to, (R t ) (C t ) (V REF )(f). 
Linearity is about 0.2% for a 0V to IV output. 
If better linearity is desired R5 can be tied to the 
summing node of an op amp which has the 
filter in the feedback path. If a low output 
impedance is desired, a unity gain buffer such as 
the LM110 can be tied to the output. An analog 
meter can be driven directly by placing it in series 
with R5 to ground. A series RC network across the 
meter to provide damping will improve response at 
very low frequencies. 


i_n_rL 




FIGURE 11. Frequency to Voltage Converter. (Tacho- 
meter) Output Independent of Supply 
Voltage 

Pulse Width Detector 

By driving the logic terminal of the LM122 simul- 
taneous to the trigger input, a simple, accurate 
pulse width detector can be made (Figure 12). 



*Vout * 0 FOR W R, C, 

PULSE OUT = W - R, C, FOR W R, C, 

FIGURE 12. Pulse Width Detector 

In this application the logic terminal is normally 
held high by R3. When a trigger pulse is received, 
Q1 is turned on, driving the logic terminal to 
ground. The result of triggering the timer and 
reversing the logic at the same time is that the 
output does not change from its initial low condi- 
tion. The only time the output will change states 
is when the trigger input stays high longer than 
one time period set by R t and C t . The output 
pulse width is equal to the input trigger width 
minus R t * C t . C2 insures no output pulse for 
short (< RC) trigger pulses by prematurely resetting 
the timing capacitor when the trigger pulse drops. 
C L filters the narrow spikes which would occur at 
the output due to propagation delays during 
switching. 
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Typical Applications (Continued) 

5V Switching Regulator 

Figure 13 is an application where the LM122 
does not use its timing function. A switching 
regulator is made using the internal reference and 
comparator to drive a PIMP transistor switch. 
Features of this circuit include a 5.5V minimum 
input voltage at 1A output current, low part 
count, and good efficiency (> 75%) for input 
voltages to 10V. Line and load regulation are less 
than 0.5% and output ripple at the switching 
frequency is only 30 mV. Q1 is an inexpensive 
plastic device which does not need a heatsink for 
ambient temperature up to 50°C. D1 should be a 
fast switching diode. Output voltage can be adjusted 
between IV and 30V by- choosing proper values 
for R2, R3, R4, and R5. For outputs less than 
2 V, a divider with 25012 Thevinin resistance 
must be connected between V REF and ground with 
its tap point tied to V ADJ . 



FIGURE 13. 5V Switching Regulator with 1 Amp Output 
and 5.5V Minimum Input 

Application Hints 

Aborting a Timing Cycle 

The LM122 does not have an input specifically 
allocated to a stop-timing function. If such a 
function is desired, it may be accomplished 
several ways: 

■ Ground V ADJ 

■ Raise R/C more positive than V ADJ 

■ Wire "OR" the output 

Grounding V ADJ will end the timing cycle just 
as if the timing capacitor had reached its normal 
discharge point. A new timing cycle can be started 
by the trigger terminal as soon as the ground is 
released. A switching transistor is best for driving 
V A pj to as near ground as possible. Worst case 
sink current is about 300/tA. 


a negative spike of up to 2.0V will occur across the 
resistor, so some caution must be used if the drive 
pulse is used for other circuitry. 
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FIGURE 14. Cycle Interrupt 


The output of the timer can be wire ORed with 
a discrete transistor or an open collector logic 
gate output. This allows overriding of the timer 
output, but does not cause the timer to be reset 
until its normal cycle time has elapsed. 


Using the LM122 as a Comparator 

A built-in reference and zero volt common mode 
limit make the LM 1 22 very useful as a comparator. 
Threshold may be adjusted from zero to three 
volts by driving the V ADJ terminal with a divider 
tied to V REF . Stability of the reference voltage 
is typically ±1% over a temperature range of 
-55°C to +125°C. Offset voltage drift in the 
comparator is typically 25juV/°C in the boosted 
mode and 50juV/°C unboosted. A resistor can be 
inserted in series with the input to allow overdrives 
up to±50V as shown in Figure 15. There is actually 
no limit on input voltage as long as current is 
limited to ±1 mA. The resistor shown contributes 



FIGURE 15. Comparator with 0V to 3V Threshold 


A timing cycle may also be ended by a positive 
pulse to a resistor (R < R t /100) in series with 
the timing capacitor. The pulse amplitude must be 
at least equal to V ADJ (2.0V), but should not 
exceed 5.0V. When the timing capacitor discharges, 


a worst case of 5 mV to initial offset. In the 
unboosted mode, the error drops to 0.25 mV 
maximum. The capability of operating off a single 
5 V supply with internal reference should make 
this comparator very useful. 
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Application Hints : (Continued) 


Eliminating Timing Cycle Upon Initial 
Application of Power 

The LM122 will normally start a timing cycle 
(with no trigger input) when V + is first turned on. 
If this characteristic is undesirable, it can be 
defeated by tying the timing capacitor to V REF 
instead of ground as shown in Figure 16. This 
connection does not affect operation of the timer 
in any other way. If an electrolytic timing capaci- 
tor is used, be sure the negative end is tied to the 
R/C pin and the positive end to V REF . A 1.0 k!2 
resistor should be included in series with the 
timing capacitor to limit the surge current load 
on V REF when the capacitor is discharged. 


v + 



Using Dual Supplies 

The LM122 can be operated off dual supplies as 
shown in Figure 17. The only limitation is that the 
emitter terminal cannot be tied to ground, it must 
either drive a load referred to V” or be actually tied 
to V~ as shown. Although capacitive coupling is 
shown for the trigger input (to allow 5V triggering), 
a resistor can be substituted for Cl. R2 must be 
chosen to give proper level shifting between the 
trigger signal and the trigger pin of the timer. 
Worst case "lo" on the trigger pin (with respect 
to V”) is 0.8V, and worst case "high" is 2.5V. 
R2 may be calculated from the divider equation 
with R1 to give these levels. 



FIGURE 17. Operating Off Dual Supplies 


Linearizing the Charging Sweep 

In some applications (such as a linear pulse width 
modulator) it may be desirable to have the timing 
capacitor charge from a constant current source. 
A simple way to accomplish this is shown in 
Figure 18. 


v + 



r. 

T 


FIGURE 18. Temperature Compensated Linear 
Charging Sweep 

Q1 converts the current through R1 to a current 
source independent of the voltage across C t . R2, 
R3, D1, and D2 are added to make the current 
through R1 independent of supply variations 
and temperature changes. (D2 is a low TC type) 
D2 and R3 can be omitted if the V + supply is stable 
and D1 and R2 can be omitted also if temperature 
stability if not critical. With Dl, D2, R2 and R3 
omitted, the current through R1 will change about 
0.015%/°C with a 15V supply and 0.1 %/°C with a 
5.0V supply. 

Triggering with Negative Edge 

Although the LM122 is triggered by a positive 
going trigger signal, a differentiator tied to a 
normally "high" trigger will result in negative 
edge triggering. In Figure 19, R1 serves the dual 
purpose of holding the trigger pin normally high 
and differentiating the input trigger pulse coupled 
through Cl. The timing diagram included with 
Figure 21 shows that triggering actually occurs a 
short time after the negative going trigger, while 
positive going triggers have no effect. The delay 
time between a negative trigger signal and actual 


Cl 

a ooi 



FIGURE 19. Timer Triggered by Negative Edge of 
Input Pulse 
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LM122/LM222/LM322, LM2905/LM3905 




LM122/LM222/LM322, LM2905/LM3905 


Application Hints (Continued) 

starts of timing is approximately (0.5 to 1.5) 
(R 1 • Cl) depending on the trigger amplitude, 
or about 2.5 to 7.5jus with the values shown. 
This time will have to be increased for C t larger 
than O.OIjuF because C t is charged to V REF 
whenever the trigger pin is kept high and must 
reset itself during the short time that the trigger 
pin voltage is low. A conservative value for Cl is: 


Cl ^ 


£t_ 

10 




1 

J 


i r 

JL_ 


OUTPUT 
TRIGGER INPl 


FIGURE 20 
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National 
Semiconductor 

LM134/LM234/LM334 
3-Terminal Adjustable Current 

General Description 

The LM134/LM234/LM334 are 3-terminal adjustable 
current sources featuring 10,000:1 range in operating 
current, excellent current regulation and a wide dynamic 
voltage range of IV to 40V. Current is established with 
one external resistor and no other parts are required. 
Initial current accuracy is ±3%. The LM134/LM234/ 
LM334 are true floating current sources with no separate 
power supply connections. In addition, reverse applied 
voltages of up to 20V will draw only a few microamperes 
of current, allowing the devices to act as both a rectifier 
and current source in AC applications. 

The sense voltage used to establish operating current in 
the LM134 is 64 mV at 2b' C ana is airectiy propui- 
tional to absolute temperature (°K). The simplest one 
external resistor connection, then, generates a current 
with ^+0.33%/° C temperature dependence. Zero drift 
operation can be obtained by adding one extra resistor 
and a diode. 

Applications for the new current sources include bias 
networks, surge protection, low power reference, ramp 
generation LED driver, and temperature sensing The 


Industrial Blocks 


Sources 

LM134-3/LM234-3 and LM1 34-6/ LM 234-6 are specified 
as true temperature sensors with guaranteed initial 
accuracy of ±3°C and ±6°C, respectively. These devices 
are ideal in remote sense applications because series 
resistance in long wire runs does not affect accuracy. 
In addition, only 2 wires are required. 

The LM134 is guaranteed over a temperature range of 
-55°C to +125°C, the LM234 from -25°C to +100°C 
and the LM334 from 0°C to +70°C. These devices are 
available in TO-46 hermetic and TO-92 plastic packages. 


Features 

■ Operates from IV to 40V 

■ 0.02%/V current regulation 

■ Programmable from 1 pA to 10 mA 

■ True 2-terminal operation 

■ Available as fully specified temperature sensor 

■ ±3% initial accuracy 



Typical Applications 


Basic 2-Terminal Current Source 
+ V, N 



Zero Temperature Coefficient Current Source 


v + 

ir 


A. 

R 

C 

r 


.JSJ 

v~ A 

r 

vV\ 

l SET « 


Terminating Remote Sensor for Voltage Output 
+ V| N 

lv 


v 0UT = «set>(Rl) 

= 10 mV/°K FOR 

Rset = 230n 

Ri Rj. = 10 kfi 


^Select ratio of R1 to RgET t0 obtain zero drift. I + « 2 IsET 
Ground Referred Fahrenheit Thermometer 


V 0 UT =1 °niV/ o F 
10°F <T< 250° F 



■Select R3 = Vref/583 ju A. Vrj=f ma y be an y stable positive voltage > 2V 
Trim R3 to calibrate 
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LM134/LM234/LM334 





LM134/LM234/LM334 


Absolute Maximum Ratings 







V + to V Forward Voltage 








LM134/LM234 


40V 






LM334/LM 1 34-3/LM 1 34-6/LM234-3/LM234-6 

30V 






V + to V“ Reverse Voltage 


20V 






R Pin to V~ Voltage 


5V 






Set Current 


10 mA 






Power Dissipation 

200 mW 






Operating Temperature Range 








LM134/LM1 34-3/LM 134-6 

-55° C to +125°C 






LM234/LM234-3/LM 234-6 

-25° C to +100°C 






LM334 

0°C to +70° C 






Lead Temperature (Soldering, 10 seconds) 

300° C 






Electrical Characteristics (Notei) 









LM134/LM234 

LM334 


■■HH 

PARAMETER 

CONDITIONS 










MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Bfim 

Set Current Error, V + = 2.5V, 

10 /iA < IsET < 1 mA 


P| 

3 



6 

% 

(Note 2) 

1 mA < IgET < 5 mA 



5 



8 

% 


2fJiA < IsET < 10 juA 



8 



12 

% 

Ratio of Set Current to 

io m a< iset< 1 mA 

14 

18 

23 

14 

18 

26 


V - Current 

1 mA < IsET < 5 mA 


14 



14 




2(iA< lsET< 10juA 


18 

23 

14 

18 

26 


Minimum Operating Voltage 

2(i A < IsET < 1 00 juA 


0.8 



0.8 


V 


100 (jlA < IgET < 1 mA 


0.9 



0.9 


V 


1 mA < IgET < 5 mA 


1.0 



1.0 


V 

Average Change in Set Current 

1.5 < V + < 5V 


0.02 

0.05 


0.02 

0.1 

%/v 

with Input Voltage 

2(iA< IgET < 1 m A 









5V < V + < 40V 


0.01 

0.03 


0.01 

0.05 

%/v 


1.5V < V < 5V 


0.03 



0.03 


%/v 


1 mA < IgET < 5 mA 









5V < V < 40V 


0.02 



0.02 


%/v 

Temperature Dependence of 

25 juA < IgET < 1 mA 

0.96T 

T 

1.04T 

0.96T 

T 

1.04T 


Set Current (Note 3) \ 









Effective Shunt Capacitance 



15 



15 


pF 

Note 1 : Unless otherwise specified, tests are performed at T; = 25°C with pulse testing so that junction temperature does not change during test. 

Note 2: Set current is the current flowing into the V- pin. It is determined by the following formula: IsET = 

67.7 mV/R SET (@ 25'C). Set 

current error is expressed as a percent deviation from this amount. IsET increases at 0.336%/°C @ Tj = 25°C. 




Note 3: Ig^T is directly proportional to absolute temperature (°K). Ic|=t at any temperature can be calculated from: IgET = *o (T/T 

Q ) where l 0 

is IgET measured at T 0 ( K). 
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Electrical Characteristics (Continued) (Notel) 


PARAMETER 

CONDITIONS 

| LM134-3, LM234-3 j 

| LM 134-6, LM234-6 


m 

mvrm 

MAX 

WMM 

TS7JI 

MAX 


Set Current Error, V + = 2.5V, 

100 nA < IsET < 1 mA 



±1 



±2 

% 

(Note 2) 

Tj = 25° C 








Equivalent Temperature Error 




±3 



±6 

°C 

Ratio of Set Current to V — 

Current 

lOO/iAOsET^ 1 mA 

14 

18 

26 

14 

18 

26 


Minimum Operating Voltage 

100 /iA l$ET < 1 mA 


0.9 



0.9 

/ 

V 

Average Change in Set Current 

1.5 < V + < 5V 


0.02 

0.05 


0.02 

0.1 

%/v 

with Input Voltage 

100juA<I set <1 mA 

5V < V + < 30V 


0.01 

0.03 


0.01 

0.05 

%/v 

Temperature Dependence of 

Set Current (Note 3) and 

100 fiA < IseT 5; 1 mA 

0.98T 

T 

1.02T 

0.97T 

T 

1.03T 


Equivalent Slope Error 




±2 



±3 

% 

Effective Shunt Capacitance 

! 

1 1 

i r 

l-H 1 

i i 


15 


pF 


Typical Performance Characteristics 



10 100 Ik 10k 

FREQUENCY (Hz) 


Maximum Slew Rate for 
Linear Operation 



1 piA 10/xA 100 piA 1mA 10mA 

'SET 


Start-Up 












■ 

0 

i 

— 



00 

s 



■ 

■ 

■ 




r 




■ 

l 

■ 

■ 







■ 

m 

i 

— 



Ops 








J 






. 









■ 

a 


— 



ips 









n: 




t 




INPUT 





TIME (Note scale changes at each current level) 


Transient Response 


IT 



-*-2 ps 


■if 




A 

PE5BEQI 

■U 

■ 



c 

FT 1 1 

V + TO V - = 5VJ 

rr 




1 A V = 0.4V j 





A 

^1 1 1 

98 


— 

H 

P 

A- 

_* SET = 100/iA 

It 1 




I 

.Ml 

r 



I 

r* 

'set = io mA 

50 p 

s— 


3 


1 1 1 


TIME (Note scale changes for each current) 



-50 -25 0 .25 50 75 100 125 

TEMPERATURE (°C) 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 
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LM134/LM234/LM334 


Typical Performance Characteristics (Continued) 



0.4 0.6 0.8 1.0 1.2 1.4 


V + T0 V- VOLTAGE 


Application Hints 

The LM134 has been designed for ease of application, 
but a general discussion of design features is presented 
here to familiarize the designer with device characteris- 
tics which may not be immediately obvious. These 
include the effects of slewing, power dissipation, capa- 
citance, noise, and contact resistance. 

SLEW rate 

At slew rates above a given threshold (see curve), the 
LM134 may exhibit non-linear current shifts. The slew- 
ing rate at which this occurs is directly proportional to 
•SET- At l$ET = 10/iA f maximum dV/dt is 0.01 V/ms; 
at ISET = 1 m A, the limit is IV/jus. Slew rates above 
the limit do not harm the LM134, or cause large currents 
to flow. 

THERMAL EFFECTS 

Internal heating can have a significant effect on current 
regulation for l$ET greater than 100 juA. For example, 
each IV increase across the LM134 at ISET“ 1 mA will 
increase junction temperature by « 0.4°C in still air. 
Output current ( l$ET) h as a temperature coefficient of 
» 0.33%/°C, so the change in current due to temperature 
rise will be (0.4)(0.33) = 0.132%. This is a 10:1 degrada- 
tion in regulation compared to true electrical effects. 
Thermal effects, therefore, must be taken into account 
when DC regulation is critical and IsET exceeds 100 juA. 
Heat sinking of the TO-46 package or the TO-92 leads 
can reduce this effect by more than 3:1. 

SHUNT CAPACITANCE 

In certain applications, the 15 pF shunt capacitance of 
the LM134 may have to be reduced, either because of 
loading problems or because it limits the AC output 
impedance of the current source. This can be easily 
accomplished by buffering the LM134 with an FET as 
shown in the applications. This can reduce capacitance 
to less than 3 pF and improve regulation by at least an 
order of magnitude. DC characteristics (with the excep- 
tion of minimum input voltage), are not affected. 

NOISE 

Current noise generated by the LM134 is approximately 
4 times the shot noise of a transistor. If the LM134 is 
used as an active load for a transistor amplifier, input 



10 /uA 100 yA 1mA 10mA 
•SET 


referred noise will be increased by about 12 dB. In many 
cases, this is acceptable and a single stage amplifier can 
be built with a voltage gain exceeding 2000. 

LEAD RESISTANCE 

The sense voltage which determines operating current of 
the LM134 is less than 100 mV. At this level, thermo- 
couple or lead resistance effects should be minimized 
by locating the current setting resistor physically close 
to the device. Sockets should be avoided if possible. 
It takes only 0.712 contact resistance to reduce output 
current by 1% at the 1 mA level. 

SENSING TEMPERATURE 

The LM134 makes an ideal remote temperature sensor 
because its current mode operation does not lose 
accuracy over long wire runs. Output current is directly 
proportional to absolute temperature in degrees Kelvin, 
according to the following formula: 

(227 juV/’KHT) 


Calibration of the LM134 is greatly simplified because of 
the fact that most of the initial inaccuracy is due to a 
gain term (slope error) and not an offset. This means 
that a calibration consisting of a gain adjustment only 
will trim both slope and zero at the same time. In addi- 
tion, gain adjustment is a one point trim because the 
output of the LM134 extrapolates to zero at 0°K, 
independent of RsET or any initial inaccuracy. 



This . property of the LM134 is illustrated in the accom- 
panying graph. Line abc is the sensor current before 
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Application Hints (Continued) 

trimming. Line a'b'c' is the desired output. A gain trim 
done at T2 will move the output from b to b' and will 
simultaneously correct the slope so that the output 
at T1 and T3 will be correct. This gain trim can be done 
on RSET or on the load resistor used to terminate the 
LM134. Slope error after trim will normally be less 
than ±1%. To maintain this accuracy, however, a low 
temperature coefficient resistor must be used for R$ET- 


Typical Applications (Continued) 


A 33 ppm/°C drift of RsET will 9' ve a 1% slope error 
because the resistor will normally see about the same 
temperature variations as the LM134. Separating RsET 
from the LM134 requires 3 wires and has lead resistance 
problems, so is not normally recommended. Metal film 
resistors with less than 20 ppm/°C drift are readily 
available. Wire wound resistors may also be used where 
best stability is required. 


Low Output Impedance Thermometer 
V(n>4.8V 



V OUT =10mVn< 
z 0UT^ 100n 


Output impedance of the LM134 at the "R" pin is 

-R Q n 

approximately , where R 0 is the equivalent 

16 

external resistance connected to the V~ pin. This 
negative resistance can be reduced by a factor of 5 or 
more by inserting an equivalent resistor in series 
with the output. 


Low Output Impedance Thermometer 



Higher Output Current 

+ V|N 


, V 0UT = 10mV/°K 
z 0UT^ 2n 
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Typical Applications (Continued) 

Micropower Bias Low Input Voltage Reference Driver 


+ V|N 





1.2V Reference Operates on 10 nA and 2V 


1.2V Regulator with 1.8V Minimum Input 


+V, W >2V 




^Select ratio of R1 to R2 to obtain zero temperature drift 


'Select ratio of R1 to R2 for zero temperature drift 




Typical Applications (Continued) 


Zener Biasing 

+ V| N 



Alternate Trimming Technique Buffer for Photoconductive Cell 



+ V, N 



*For ±10% adjustment, select RgET 
10% high, and make R1 « 3 RsET 


FET Cascoding for Low Capacitance and/or Ultra High Output Impedance 

+ V, N 
+ V||\| 



i R SET 


-V|N 



-V|N 


Select Q1 or Q2 to ensure at least IV across the LM134. V p (1 — IsET^DSS^ ^ 1.2V. 


Generating Negative Output Impedance In-Line Current Limiter 



*Use minimum value required to ensure stability of protected 
device. This minimizes inrush current to a direct short. 
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LM134/LM234/LM334 


Schematic and Connection Diagrams 



BOTTOM VIEW BOTTOM VIEW 

Pin 3 is electrically connected to case 

Order Number LM134H, LM134H-3, LM134H-6, LM234H, Order Number LM334Z, LM234Z-3 or LM234Z-6 

LM234H-3, LM234H-6 or LM334H See NS Package Z03A 

See NS Package H03H 
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National 

Semiconductor 


Industrial Blocks 


LM135/LM235/LM335, LM135A/LM235A/LM335A 
Precision Temperature Sensors 


General Description 

The LM135 series are precision, easily-calibrated, inte- 
grated circuit temperature sensors. Operating as a 
2-terminal zener, the LM135 has a breakdown voltage 
directly proportional to absolute temperature at +10 mV/ 
°K. With less than U2 dynamic impedance the device 
operates over a current range of 400 [JiA to 5 mA with 
virtually no change in performance. When calibrated 
at 25°C the LM135 has typically less than 1°C error 
over a 100°C temperature range. Unlike other sensors 
the LM135 has a linear output. 

Applications for the LM135 include almost any type of 
temperature sensing over a -55°C to +150°C temper- 
ature range. The low impedance and linear output 
make interfacing to readout or control circuitry espe- 
cially easy. 

The LM135 operates over a — 55°C to +150°C temper- 
ature range while the LM235 operates over a — 40°C 


to +125°C temperature range. The LM335 operates 
from — 40°C to +100°C. The LM135/LM235/LM335 
are available packaged in hermetic TO-46 transistor 
packages while the LM335 is also available in plastic 
TO-92 packages. 

Features 

■ Directly calibrated in °Kelvin 
" 1°C initial acc.' r a^y available 

a Operates from 400 juA to 5 mA 

■ Less than 1S7 dynamic impedance 

■ Easily calibrated 

■ Wide operating temperature range 

■ 200°C overrange 

■ Low cost 


Schematic Diagram 



Typical Applications 


Basic Temperature Sensor 


Calibrated Sensor 


Wide Operating Supply 




* Calibrate for 2.982V at 25° C 


LM334 


5V-40V 



OUTPUT 
10 mV/°K 
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LM135/LM235/LM335, LM135A/LM235A/LM335A 


Absolute Maximum Ratings 

Reverse Current 
Forward Current 
Storage Temperature 
TO-46 Package 
TO-92 Package 

Specified Operating Temperature Range 

Continuous 

. LM135, LM135A ~55°C to +150°C 

LM235, LM235A -40°C to +125°C 

LM335, LM335A -40°C to +100°C 

Lead Temperature (Soldering, 10 seconds) 


15mA 

10mA 

-60° C to +180°C 
-60° C to +150°C 


Intermittent (Note 2) 
150°C to 200°C 
125°C to 1 50° C 
100°C to 1 25° C 
300° C 


Temperature Accuracy LM135/LM235, lmi 35 a/lm 235 a (Notei) 


PARAMETER 

CONDITIONS 

LM135A/LM235A 

LM135/LM235 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Operating Output Voltage 

T C = 25°C, Ir = 1 mA 

2.97 

2.98 

2.99 

2.95 

2.98 

3.01 

V 

Uncalibrated Temperature Error 

Tc = 25°C, Ir = 1 mA 


0.5 

1 


1 

3 

°C 

Uncalibrated Temperature Error 

TmIN<T C <T M AX, Ir = 1 mA 


1.3 

. 2.7 


2 

5 

°c 

Temperature Error with 25°C 
Calibration 

TmIN<T C <T M AX, Ir = 1 mA 


0.3 

1 


0.5 

1.5 

°c 

Calibrated Error at Extended 

Temperatures 

Tc^TjviAX (Intermittent) 


2 



2 


°c 

Non-Linearity 

Ir = 1 mA 


0.3 

0.5 


0.3 

1 

°c 


Temperature Accuracy LM335, lm335a (Notei) 


PARAMETER 

CONDITIONS 

LM335A | 

LM335 | 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Operating Output Voltage 

Tc = 25°C, Ir = 1 mA 

2.95 

2.98 

3.01 

2.92 

2.98 

3.04 

V 

Uncalibrated Temperature Error 

T C = 25°C, Ir = 1 mA 


1 

3 


2 

6 

°c 

Uncalibrated Temperature Error 

TmIN<T C <T M AX, Ir ^ 1 mA 


2 

5 


4 

9 

°c 

Temperature Error with 25°C 

TmIN<T C <T M AX, Ir = 1 rnA 


0.5 

1 


1 

2 

°c 

Calibration 









Calibrated Error at Extended 

Tc = TiviAX (Intermittent) 


2 



2 


°c 

Temperatures 



i 






Non-Linearity 

Ir = 1 mA , 


0.3 

1.5 


0.3 

1.5 

°c 


Electrical Characteristics (Notei) 


PARAMETER 

CONDITIONS 

LM135/LM235 

LM1 35A/LM235A 

LM335 

LM335A 

UNITS 

MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Operating Output Voltage 

400 nA < Ir < 5 mA 


2.5 

10 


3 

14 

mV 

Change with Current 

At Constant Temperature 








Dynamic Impedance 

Ir = 1 mA 


0.5 



0.6 


n 

Output Voltage Temperature 



+10 



,+10 


mV/°C 

Drift 









Time Constant 

Still Air 


80 



80 


sec 


100 ft/Min Air 


10 



10 


sec 


Stirred Oil 

1 

1 



1 


sec 

Time Stability 

Tc= 125°C 

t 

0.2 



0.2 


°C/khr 


Note 1: Accuracy measurements are made in a well-stirred oil bath. For other conditions, self heating must be considered. 

Note 2: Continuous operation at these temperatures for 10,000 hours for H package and 5,000 hours for Z package may decrease life expect- 
ancy of the device. 
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Typical Performance Characteristics 


Reverse Voltage Change 



0 2 4 6 B 10 


REVERSE CURRENT (mA) 


Calibrated Error 



-55 -15 25 B5 105 145 185 

TEMPERATURE (°C) 



1 2 3 4 5 

REVERSE VOLTAGE (V) 


Response Time 



01 2-345 


TIME (ms) 


Dynamic Impedance 



Noise Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Thermal Resistance 
Junction to Air 



0 400 800 1200 1600 2000 

AIR VELOCITY (FPM) 



0 400 800 1200 1600 2000 

AIR VELOCITY (FPM) 


Thermal Response 
in Still Air 



TIME (MINUTES) 


Thermal Response in 
Stirred Oil Bath 



0 2 4 6 8 

TIME (SECONDS) 



0.1 1 10 

FORWARD CURRENT (mA) 



9-27 


LM135/LM235/LM335, LM135A/LM235A/LM335A 



LM135/LM235/LM335, LM135A/LM235A/LM335A 


Application Hints 

CALIBRATING THE LIVI135 

Included on the LM135 chip is an easy method of 
calibrating the device for higher accuracies. A pot 
connected across the LM135 with the arm tied to the 
adjustment terminal allows a 1-point calibration of the 
sensor that corrects for inaccuracy over the full tem- 
perature range. 

This single point calibration works because the output 
of the LM135 is proportional to absolute temperature 
with the extrapolated output of sensor going to OV 
output at 0°K (~273.15°C). Errors in output voltage 
versus temperature are only slope (or scale factor) 
so a slope calibration at one temperature corrects at 
all temperatures. 

The output of the device (calibrated or uncalibrated) 
can be expressed as: 

T 

VouTt = v OUTt 0 X — 

where T is the unknown temperature and T 0 is a ref- 
erence temperature, both expressed in degrees Kelvin. 
By calibrating the . output to read correctly at one 

Typical Applications (Continued) 


temperature the output at all temperatures is correct. 
Nominally the output is calibrated at 10 mV/°K. 

To insure good sensing accuracy several precautions 
must be taken. Like any temperature sensing device, 
self heating can reduce accuracy. The LM135 should 
be operated at the lowest current suitable for the ap- 
plication. Sufficient current, of course, must be avail- 
able to drive both the sensor and the calibration pot 
at the maximum operating temperature. 

If the sensor is used in an ambient where the thermal 
resistance is constant, self heating errors can be cal- 
ibrated out. This is possible if the device is run with 
a temperature stable current. Heating will then be pro- 
portional to zener voltage and therefore temperature. 
This makes the self heating error proportional to ab- 
solute temperature the same as scale factor errors. 

WATERPROOFING SENSORS 

Meltable inner core heat shrinkable tubing such as 
manufactured by Raychem can be used to make low- 
cost waterproof sensors. The LM335 is inserted into 
the tubing about 1/2” from the end and the tubing 
heated above the melting point of the core. The un- 
filled 1/2” end melts and provides a seal over the device. 


Minimum Temperature Sensing Average Temperature Sensing Remote Temperature Sensing 



18 

20 

22 

24 


1600 

3200 

1000 

2000 

625 

1250 

400 

800 


Isolated Temperature Sensor 


LM335 
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Typical Applications (Continued) 


Simple Temperature Controller 



Simple Temperature Control 

LM335 



-10 V 


Ground Referred Fahrenheit Thermometer Centigrade Thermometer 



* Adjust R2 for 2.554V across LM336. 

Adjust R1 for correct output. Fahrenheit Thermometer 




To calibrate adjust R2 for 2.554V across LM336. 
Adjust R1 for correct output. 


LM135/LM235/LM335, LM135A/LM235A/LM335A 




LM135/LM235/LM335, LM135A/LM235A/LM335A 


Typical Applications (Continued) 

THERMOCOUPLE COLD JUNCTION COMPENSATION 
Compensation for Grounded Thermocouple 



Select R3 for proper thermocouple type 


THERMO- 

R3 

SEEBECK 

COUPLE 

COEFFICIENT 

J 

377ft 

52.3 mV/ 0 C 

T 

308 n 

42.8 mV/°C 

K 

293 ft 

40.8 pV/°C 

S 

45.8ft 

6.4 pV/°C 


» THERMOCOUPLE 


Adjustments: Compensates for both sensor and resistor toler- 
ances 

1. Short LM329B 

2. Adjust R1 for Seebeck Coefficient times ambient temper- 
ature (in degrees K) across R3 

3. Short LM335 and adjust R2 for voltage across R3 corre- 
sponding to thermocouple type 

J 14.32 mV K 11.17mV 

T 11.79 mV S 1.768 mV 


Single Power Supply Cold Junction Compensation 



^Select R3 and R4 for thermocouple type 


THERMO- 

R3 

R4 

SEEBECK 

COUPLE 

COEFFICIENT 

J 

1.05K 

385ft 

52.3 /iV/°C 

T 

856 n 

315ft 

42.8 juV/°C 

K 

816ft 

300ft 

40.8 /iV/°C 

S 

Adjustments: 

128ft 

46.3ft 

6.4 juV/°C 

1. Adjust R1 

for the voltage across 

R3 equal to the Seebeck 

Coefficient times ambient temperature in degrees Kelvin. 

2. Adjust R2 for voltage across R4 corresponding to thermo- 

couple 




J 

14.32 mV 

K 

11.17 mV 

T 

1 1 .79 mV 

S 

1 .768 mV 


Centigrade Calibrated Thermocouple Thermometer 


294k 

iy. 



Terminate thermocouple reference junction in close proximity 
to LM335. 

Adjustments: 

1. Apply signal in place of thermocouple and adjust R3 for a 
gain of 245.7. 

2. Short non-inverting input of LM308A and output of 
LM329B to ground. 

3. Adjust R1 so that V 0 UT = 2.982V @ 25° C. 

4. Remove short across LM329B and adjust R2 so that VoUT = 
246 mV @ 25°C. 

5. Remove short across thermocouple. 
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Ground Referred Centigrade Thermometer Air Flow Detector* 



Zk 


Self heating is used to detect air flow 


LM135/LM235/LM335, LM135A/L.M235A/LM335A 



LM135/LM235/LM335, LM135A/LM235A/LM335A 


Definition of Terms 


Operating Output Voltage: The voltage appearing across 
the positive and negative terminals of the device at spec- 
ified conditions of operating temperature and current. 

Uncalibrated Temperature Error: The error between 
the operating output voltage at 10 mV/°K and case 
temperature at specified conditions of current and 
case temperature. 

Connection Diagrams 


TO-92 

Plastic Package 



BOTTOM VIEW 


Order Number LM335Z 
or LM335AZ 
See NS Package Z03A 


Calibrated Temperature Error: The error between oper- 
ating output voltage and case temperature at 10 mV/°K 
over a temperature range at a specified operating current 
with the 25°C error adjusted to zero. 


TO-46 

Metal Can Package* 



BOTTOM VIEW 


*Case is connected to negative pin 

Order Number LM135H, 
LM235H, LM335H, LM135AH, 
LM235AH or LM335AH 
See NS Package H03H 
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National 

Semiconductor 


Industrial Blocks 


LM555/LM555C Tinier 

General Description 

The LM555 is a highly stable device for generating 
accurate time delays or oscillation. Additional terminals 
are provided for triggering or resetting if desired. In the 
time delay mode of operation, the time is precisely con- 
trolled by one external resistor and capacitor. For astable 
operation as an oscillator, the free running frequency and 
duty cycle are accurately controlled with two external 
resistors and one capacitor. The circuit may be triggered 
and reset on falling waveforms, and the output circuit 
can source or sink up to 200 mA or drive TTL circuits. 


Features 

■ Direct replacement for SE555/N E555 

■ Timing from microseconds through hours 

v ■ Operates in both astable and monostable modes 


■ Adjustable duty cycle 

■ Output can source or sink 200 mA 

■ Output and supply TTL compatible 

■ Temperature stability better than 0.005% per °C 

■ Normally on and normally off output 

Applications 

■ Precision timing 

■ Pulse generation 

■ Sequential timing 


Pulse width modulation 
Pulse position modulation 
Linear ramp generator 


Schematic Diagram 


THRESHOLD O — [ Q1 J 04 

CONTROL & (2/3 V cc ) T 


Connection Diagrams 


Duai-in-Line Package 


Metal Can Package 




Order Number LM555H, LM555CH 
See NS Package H08C 


Order Number LM555CN 
See NS Package N08B 
Order Number LM555J or LM555CJ 
See NS Package J08A 
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LM555/LM555C 


Absolute Maximum Ratings 

Supply Voltage +18V 

Power Dissipation (Note 1) 600 mW 

Operating Temperature Ranges 

LM555C 0°C to +70°C 

LM555 — 55°C to +125°C 

Storage Temperature Range ~65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics (T a = 25°C, V cc = +5V to +15V, unless otherwise specified) 




LIMITS 


PARAMETER 

CONDITIONS 

LM555 ] 

LM555C | 

UNITS 



MIN 

TYP 

MAX 

MIN 

TYP 

MAX 


Supply Voltage 


4.5 


18 

4.5 


16 

V 

Supply Current 

V cc =5V, R l «« 


3 

5 


3 

6 

mA 


V cc = 15V, R L = 00 
(Low State) (Note 2) 


10 

12 


10 

15 

mA 

Timing Error, Monostable 









Initial Accuracy 



0.5 



1 


% 

Drift with Temperature 

R A , Rb = Ik to 100 k, 

C = 0.1/jF, (Note 3) 


30 

, 



50 


ppm/°C 

Accuracy over Temperature 



1.5 



1.5 

' 

% 

Drift with Supply 



0.05 



0.1 


%/V 

Timing Error, Astable 









Initial Accuracy 



1.5 



2.25 


% 

Drift with Temperature 



90 



150 


ppm/°C 

Accuracy over Temperature 



2.5 



3.0 


% 

Drift with Supply 



0.15 



0.30 


%/V 

Threshold Voltage 



0.667 



0.667 


x V cc 

Trigger Voltage 

V cc = 15V 

4.8 

5 

5.2 


5 


. V 


< 

o 

o 

< 

1.45 

1.67 

1.9 


1.67 


V 

Trigger Current 



0.01 

0.5 


0.5 

0.9 

/iA 

Reset Voltage 


0.4 

0.5 

1 

0.4 

0.5 

1 

V 

Reset Current 



0.1 

0.4 


0.1 

0.4 

mA 

Threshold Current 

(Note 4) 


0.1 

0.25 


0.1 

0.25 

MA 

Control Voltage Level 

V cc = 15V 

9.6 

10 

10.4 

9 

10 

11 

V 


V CC =5V 

2.9 

3.33 

3.8 

2.6 

3.33 

4 

V 

Pin 7 Leakage Output High 



1 

100 


1 

100 

nA 

Pin 7 Sat (Note 5) 









Output Low 

V cc = 15V, l 7 = 15 mA 


150 



180 

\? 

mV 

Output Low 

V cc = 4.5V, l 7 = 4.5 mA 


70 

100 


80 

200 

mV 

Output Voltage Drop (Low) 

V cc = 15V 

•sink = 10 mA 


0.1 

0.15 


0.1 

0.25 

V 


'sink = 50 mA 


0.4 

0.5 


0.4 j 

0.75 

V 


•sink = 100 mA 


2 

2.2 


2 

2.5 

V 


•sink = 200 mA 

V cc = 5V 


2.5 



2.5 


V 


■sink =8 mA 


0.1 

0.25 




V 


•sink = 5 mA 





0.25 

0.35 

V ' 

Output Voltage Drop (High) 

•source = 200 mA, V C c = 15V 


12.5 



12.5 


V 


•source ~ 100 mA, Vcc = 15V 

13 

13.3 


12.75 

13.3 


V 


V cc - 5V 

3 

3.3 


2.75 

3.3 


V 

Rise Time of Output 



100 



100 


ns 

Fall Time of Output 



100 



100 


ns 


Note 1: For operating at elevated temperatures the device must be derated based on a +150°C maximum junction temperature and a thermal 
resistance of +45°C/W junction to case for TO-5 and +150°C/W junction to ambient for both packages. 

Note 2: Supply current when output high typically 1 mA less at Vcc = 5V. 

Note 3: Tested at Vcc = 5V and Vcc = 15V. 

Note 4: This will determine the maximum value of R/\ + Rq for 15V operation. The maximum total (R^ + Rg) is 20 MSI. 

Note 5: No protection against excessive pin 7 current is necessary providing the package dissipation rating will not be exceeded. 
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PROPAGATION DELAY (ns) V OUT (V) MINIMUM PULSE WIDTH Os) 


Typical Performance Characteristics 


Minimum Pulse Width 
Required for Triggering 
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LM555/LM555C 


Applications Information 

MONOSTABLE OPERATION 

In this mode of operation, the timer functions as a 
one-shot { Figure 1). The external capacitor is initially 
held discharged by a transistor inside the timer. Upon ap- 
plication of a negative trigger pulse of less than 1/3 V cc 
to pin 2, the flip-flop is set which both releases the short 
circuit across the capacitor and drives the output high. 



FIGURE 1. Monostable 


The voltage across the capacitor then increases exponen- 
tially for a period of t = 1.1 R A C, at the end of which 
time the voltage equals 2/3 V cc . The comparator then 
resets the flip-flop which in turn discharges the capacitor 
and drives the output to its low state. Figure 2 shows 
the waveforms generated in this mode of operation. 
Since the charge and the threshold level of the com- 
parator are both directly proportional to supply voltage, 
the timing internal is independent of supply. 



Vcc = 5V Top Trace: Input 5V/0iv. 

TIME = 0.1 ms/DIV. Middle Trace: Output 5V/0iv. 

R a ■ 9.1k£2 Bottom Trace: Capacitor Voltage 2V/Div. 

C “ 0.01/iF 

FIGURE 2. Monostable Waveforms 

During the timing cycle when the output is high, the 
further application of a trigger pulse will not effect the 
circuit. However the circuit can be reset during this time 
by the application of a negative pulse to the reset 
terminal (pin 4). The output will then remain in the low 
state until a trigger pulse is again applied. 

When the reset function is not in use, it is recommended 
that it be connected to V cc to avoid any possibility of 
false triggering. 

Figure 3 is a nomograph for easy determination of R, C 
values for various time delays. 

NOTE: In monostable operation, the trigger should be 
driven high before the end of timing cycle. 



IQ^slOOps 1 ms 10 ms 100 ms 1 s 10 1 100s 
t d - TIME DELAY 

FIGURE 3. Time Delay 

multivibrator. The external capacitor charges through 
R A + Rb and discharges through R B .,Thus the duty 
cycle may be precisely set by the ratio of these two 
resistors. 



FIGURE 4. Astable 


In this mode of operation, the capacitor charges and 
discharges between 1/3 V cc and 2/3 V cc . As in the 
triggered mode, the charge and discharge times, and there- 
fore the frequency are independent of the supply voltage. 

Figure 5 shows the waveforms generated in this mode 
of operation. 



Vcc * 5V Top Trace: Output 5V/Div. 

TIME * 20ps/DIV. Bottom Trace: Cepecitor Voltege IV/Oiv. 
R a - 3.9 k£1 
Rb * 3 kfi 
C = 0.01 m F 

FIGURE 5. Astable Waveforms 

The charge time (output high) is given by: 

t, =0.693 (R a + R b ) C 

And the discharge time (output low) by: 

t 2 = 0.693 (R b )C 

Thus the total period is: 

T = ti + 1 2 = 0.693 (R a + 2R b ) C 



ASTABLE OPERATION 

If the circuit is connected as shown in Figure 4 (pins 2 
and 6 connected) it will trigger itself and free run as a 
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Applications Information (Continued) 

The frequency of oscillation is: 

_ 1 _ 1.44 

t"(R a + 2R b )C 


Figure 6 may be used for quick determination of these 
RC values. 

R B 

The duty cycle is: D = 

R a "t* 2 Rg 



FIGURE 6. Free Running Frequency 


FREQUENCY DIVIDER 

The monostable circuit of Figure 1 can be used as a 
frequency divider by adjusting the length of the timing 
cycle. Figure 7 shows the waveforms generated in a 
divide by three circuit. 



Vcc ■ 5V Top Trace: Input 4V/Div. 

TIME * 20ps/DIV. Middle Trace. Output 2V/0iv. 

R a * 9.1 ksi Bottom Trace: Capacitor 2V/0iv. 

C * O.OlpF 

FIGURE 7. Frequency Divider 

PULSE WIDTH MODULATOR 

When the timer is connected in the monostable mode 
and triggered with a continuous pulse train, the output 
pulse width can be modulated by a signal applied to pin 
5. Figure 8 shows the circuit, and in Figure 9 are some 
waveform examples. 



FIGURE 8. Pulse Width Modulator 



Vcc = 5V Top Trace: Modulation IV/Div. 

TIME = 0 2 ms/ 01 V, Bottom Trace: Output 2V/Div. 
R a * 9.1 kSi 
C = 0.01 /jF 


FIGURE 9. Pulse Width Modulator 


PULSE POSITION MODULATOR 

This application uses the timer connected for astable 
operation, as m nyuic iO, With a modulating Cigna! 
again applied to. the control voltage terminal. The pulse 
position varies with the modulating signal, since the 
threshold voltage and hence the time delay is varied. 
Figure 1 1 shows the waveforms generated for a triangle 
wave modulation signal. 



FIGURE 10. Pulse Position Modulator 



V cc - 5V 

TIME = 0.1 ms/DIV. 
Ra = 3 9 kJi 
R B = 3kSI 
C = 0.01 <jF 


Top Trace: Modulation Input IV/Onr. 
Bottom Trace- Output 2V/Div. 


FIGURE 11. Pulse Position Modulator 


LINEAR RAMP 

When the pullup resistor, R A/ in the monostable circuit 
is replaced by a constant current source, a linear ramp is 
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Applications Information (Continued) 

generated. Figure 12 shows a circuit configuration that 
will perform this function. 



Figure 13 shows waveforms generated by the linear ramp. 
The time interval is given by: 

2/3 V cc Re (Ri + R 2 )C 

Ri V cc — V BE (R-| + R 2 ) 

V BE ~ 0.6V 



V C c = 5V Top Trace: Input 3V/Div. 

TIME = ZOus/DIV. Middle Trace: Output SV/Div. 

R i= 47 k!i Bottom Trace: Capacitor Voltage IV/Div. 

R 2 ? 100 kS2 
R e = 2.7 kU 

C = O.OIjiF , 

FIGURE 13. Linear Ramp 


50% DUTY CYCLE OSCILLATOR 

For a 50% duty cycle, the resistors R A and R B may be 
connected as in Figure 14. The time period for the out- 


put high is the same as previous, t, = 0.693 R A C. 
For the output low it is t 2 = 

[ R — 2R 

r| 7T 

2R b -R a 

1 

Thus the frequency of oscillation is f = — 

ti +t 2 




Note that this circuit will not oscillate if R B is greater 
than 1/2 R A because the junction of R A and R B cannot 
bring pin 2 down to 1/3 V cc and trigger the lower 
comparator. 

ADDITIONAL INFORMATION 

Adequate power supply bypassing is necessary to protect 
associated circuitry. Minimum recommended isO.lpiF in 
parallel with 1/uF electrolytic. 

Lower comparator storage time can be as long as lOpts 
when pin 2 is driven fully to ground for triggering. This 
limits the monostable pulse width to lOpts minimum. 

Delay time reset to output is 0.47/us typical. Minimum 
reset pulse width must be 0.3pis, typical. 

Pin 7 current switches within 30 ns of the output 
(pin 3) voltage. 
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National 
Semiconductor 

LM556/LM556C Dual Timer 

General Description 

The LM556 Dual timing circuit is a highly stable 
controller capable of producing accurate time delays 
or oscillation. The 556 is a dual 555. Timing is provided 
by an external resistor and capacitor for each timing 
function. The two timers operate independently of each 
other sharing only V cc and ground. The circuits may be 
triggered and reset on falling waveforms. The output 
structures may sink or source 200 mA. 


Features 

■ Direct replacement for SE556/NE556 

" Timing from microseconds t^' rr " ,r, f 1 Hnnr? 

■ Operates in both astable and monostable modes 

■ Replaces two 555 timers 


Industrial Blocks 


■ Adjustable duty cycle 

■ Output can source or sink 200 mA 

■ Output and supply TTL compatible 

■ Temperature stability better than 0.005% per °C 

■ Normally on and normally off output 

Applications 

■ Precision timing 

■ Pulse generation 

■ Sequential timing 

■ Time delay generation 
o Pulse width modulation 

■ Pulse position modulation 

■ Linear ramp generator 



Schematic Diagram 



Connection Diagram 


Dual-ln-Line Package 


THRESH- CONTROL 

Vcc DISCHARGE OLD VOLTAGE RESET OUTPUT TRIGGER 


Mwm 

■ 

■■■■■■ 

HP ■! 

mmn 


Hj 

FLIP-FLOP 

4 

1 


DISCHARGE THRESH- CONTROL RESET OUTPUT TRIGGER UNO 
OLD VOLTAGE 


Order Number LM556CN 
See NS Package N14A 


Order Number LM556J or LM556CJ 
See NS Package J14A 


TOP VIEW 
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Absolute Maximum Ratings 

Supply Voltage 

Power Dissipation (Note 1) 

Operating Temperature Ranges 
LM556C 
LM556 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


+18V 
600 mW 

0°C to +70°C 
-55°C to +125°C 
-65°C to +150°C 
300° C 


Electrical Characteristics (T a = 25°C, V cc = +5V to +15V, unless otherwise Specified) 


PARAMETER 

1 

CONDITIONS 

LM556 | 

LM556C ! 


MIN 

TYP 



TYP 

MAX 

UNITS 

Supply Voltage 


4.5 • 


18 

4.5 


16 

V 

Supply Current 

V CC - 5V, R l = ~ 


3 

5 


3 

6 

mA 

(Each Timer Section) 

V cc = 15V, R l «oo 
(Low State) (Note 2) 


10 

11 


10 

14 

mA 

Timing Error, Monostable 









Initial Accuracy 



0.5 



0.75 


% 

Drift With Temperature 

R a , R b = Ik to 100k, C = O.lpF, 
(Note 3) 


30 



50 


ppm/°C 

Accuracy Over Temperature 



1.5 



1.5 


% 

Drift with Supply 



0.05 



0.1 


%/V 

Timing Error, Astable 









Initial Accuracy 



1.5 



2.25 


% 

Drift With Temperature 



90 



150 


ppm/°C 

Accuracy Over Temperature 



2.5 



3.0 


1 % 

Drift With Supply 1 



0.15 



0.30 


%/V 

Trigger Voltage 

V cc = 15V 

4.8 

5 

5.2 

4.5 

5 

0.5 

V 


V cc = 5V 

1.45 

1.67 

1.9 

1.25 

1.67 

2.0 

V 

Trigger Current 



0.1 

0.5 


0.2 

, 1.0 

PA 

Reset Voltage 

(Note 4) 

0.4 

0.5 

1 

0.4 

0.5 

1 

V 

Reset Current 



0.1 

0.4 


0.1 

0.6 

mA 

Threshold Current 

(Note 5) 


0.03 

0.1 


0.03 

0.1 

/JA 

Control Voltage Level And 

V cc = 15V 

9.6 

10 

10.4 

9 

10 

11 

V 

Threshold Voltage 

V CC = 5V 

2.9 

3.33 

3.8 

2.6 

3.33 

4 

V 

Pin 1, 13 Leakage Output High 



1 



1 


nA 

Pin 1, 13 Sat 

(Note 6) 








Output Low 

V c c = 15V, 1 = 15 mA 


150 

240 


180 


mV 

Output Low 

V cc = 4.5V, 1 = 4.5 mA 


70 



80 


mV 

Output Voltage Drop (Low) 

V cc = 15V 
•sink = 10 mA 


i i 

0.1 

0.15 


0.1 

0.25 

V 


'sink = 50 mA 


0.4 

0.5 


0.4 

0.75 

V 


•sink = 100 mA 


2 

2.25 


2 

2.75 

V 


•sink = 200 mA 

V cc = 5V 


2.5 



2.5 


V 


•sink = 8 mA 


. 0.1 

0.25 




V 


•sink = 5 mA 





0.25 

0.35 

V 

Output Voltage Drop (High) 

•source = 200 mA, V cc = 15V 


12.5 



12.5 


V 


•source = 100 mA, V cc - 15V 

13 

13.3 


12.75 

13.3 


V 


V C c - 5V 

3 

3.3 


2.75 

3.3 


V 

Rise Time of Output 



' 100 



100 


ns 

Fall Time of Output 



100 





ns 

Matching Characteristics 

(Note 7) 








Initial Timing Accuracy 



0.05 

0.2 


0.1 

2.0 

% 

Timing Drift With Temperature 



±10 



±10 


ppm/°C 

Drift With Supply Voltage 



0.1 

0.2 


0.2 

0.5 

%/V 


Note 1: For operating at elevated temperatures the device must be derated based on a +150°C maximum junction temperature and a thermal 
resistance of +150°C/W junction to ambient for both packages. 

Note 2: Supply current when output high typically 1 mA less at Vcc “ 5V. 

Note 3: Tested at Vcc = 5V and v cc “ 15V. 

Note 4: As reset voltage lowers, timing is inhibited and then the output goes low. 

Note 5: This will determine the maximum value of + Rb for 15V operation. The maximum total (R^ + Rfl) * s 20 Mffl. 

Note 6: No protection against excessive pin 1, 13 current is necessary providing the package dissipation rating will not be exceeded. 

Note 7: Matching characteristics refer to the difference between performance characteristics of each timer section. 


9-40 
















PROPAGATION DELAY (ns) 
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(mV) PIN 1,13 


High Output Voltage vs 
Output Source Current 



1 10 100 

•source ( m A) 


' Low Output Voltage vs 
Output Sink Current 



00 1.0 10 100 
•sink (mA) 


Discharge Transistor (Pin 1,13) 
Voltage vs Sink Current . 



0.01 0.1 1.0 10 100 



(X Vcc) 


Isink (mA) PIN 1,13 
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PJ3 National 
m2 I Semiconductor 

LM565/LM565C Phase Locked Loop 


Industrial Blocks 


General Description 

The LM565and LM565C are general purpose phase 
locked loops containing a stable, highly linear volt- 
age controlled oscillator for low distortion FM 
demodulation, and a double balanced phase detec- 
tor with good carrier suppression. The VCO fre- 
quency is set with an external resistor and capa- 
citor, and a tuning range of 10:1 can be obtained 
with the same capacitor. The characteristics of the 
closed loop system-bandwidth, response speed, 
capture and pull in range— may be adjusted over a 
wide range with an external resistor and capacitor. 
The loop may be broken between the VCO and 
the phase detector for insertion of a digital fre- 
quency divider to obtain frequency multiplication. 

The LM565H is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM565CH and LM565CN are specified for opera- 
tion over the 0°C to +70°C temperature range. 


■ Power supply range of ±5 to ±12 volts with 
100 ppm/% typical 

■ 0.2% linearity of demodulated output 

■ Linear triangle wave with in phase zero crossings 
available 

■ TTL and DTL compatible phase detector input 
and square wave output 

■ Adjustable hold in range from ±1% to > ±60%. 

Applications 

■ Data and tape synchronization 

■ Modems 

■ FSK demodulation 

■ FM demodulation 

■ Frequency synthesizer 

■ Tone decoding 

■ Frequency multiplication and division 

■ SCA demodulators 


Features 

■ 200 ppm/°C frequency stability of the VCO 


■ Telemetry receivers 

■ Signal regeneration 

■ Coherent demodulators. 


Schematic and Connection Diagrams 



See NS Package H10C See NS Package N14A 
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Absolute Maximum Ratings 

Supply Voltage ±12V 

Power Dissipation (Note 1) 300 mW 

Differential Input Voltage * ±1V 

Operating Temperature Range LM565H -55°C to +125°C 

LM565CH, LM565CN 0°C to 70°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


Electrical Characteristics (ac Test circuit, t a = 25°c, v c = ±6V) 



MIN TYP MAX MIN TYP MAX 


8.0 12.5 8.0 

10 5 


-100 300 


45 50 

20 


0.05 0.2 


2 2.4 3 

0.2 0.75 

4.7 5.4 

5 


50 55 

20 100 

50 200 


2 2.4 

0.5 

4.7 5.4 

5 

40 50 

20 


6400 6600 
250 300 

0.2 

3.5 

4.25 4.5 

30 
500 
30 40 


6800 6000 6600 

350 200 300 


0.2 1.E 

3.5 

4.5 5.0 

50 200 

500 


.68 0.9 0.55 


Notel: The maximum junction temperature of the LM565 is 150°C, while that of the LM565C 
and LM565CN is 100°C. For operation at elevated temperatures, devices in the TO-5 package must 
be derated based on a thermal resistance of 150°C/W junction to ambient or 45°C/W junction to case. 
Thermal resistance of the dual-in-line package is 100°C/W. 
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LM565/LM565C 




















LM565/LM565C 


Typical Performance Characteristics 


Power Supply Current as a 
Function of Supply Voltage 



10 12 14 16 18 20 22 24 26 

TOTAL SUPPLY VOLTAGE (V) 


Lock Range as a Function 
of Input Voltage 



1 10 100 1000 
PEAK TO PEAK INPUT VOLTAGE (mV) 


VCO Frequency 



10 100 IK 1DK. 100K 


FREQUENCY (Hz) 


Oscillator Output Waveforms 



0 nl2 n 3n/2 2 n 5irl2 


cj 0 t — ► 


VCO Frequency as a 




Loop Gain vs Load 
Resistance 



100 IK 10K 100K 

RESISTANCE BETWEEN PINS 6 AND 7 (n) 


Hold in Range as a Function 
of R 6 -7 


7i 

— 





— i — i — i — 
V CC = ±6VJ 

■ 

h 

» 



■1 

m 

SUB 


II 

III 









II 









II 

II 


■! 




- 

ICLGBDi 

a 

hi 

II 

■ 

acC 

r 

■ 

Ul 

II 

■ 







ft! 

II 

■ 








i! 

■ 








_L 

E_ 


0.2 0.6 1.0 1.4 1.8 

RELATIVE FREE RUNNING VCO FREQUENCY . 


AC Test Circuit 



9-44 




LM565/LM565C 






LM565/LM565C 


Applications Information 


in designing with phase locked loops such as the 
LM565, the important parameters of interest are: 

FREE RUNNING FREQUENCY 


fo = 


3.7 R 0 C 0 


LOOP GAIN: relates the amount of phase change 
between the input signal and the VCO signal for a 
shift in input signal frequency (assuming the loop 
remains in lock). In servo theory, this is called 
the "velocity error coefficient". 

Loop gain = K 0 K D 


/radiahs/sec\ 

K 0 = oscillator sensitivity I J 

( volts \ 

K d = phase detector sensitivity I 


The loop gain of the LM565 is dependent on 
supply voltage, and may be found from: 

33.6 f Q 

V c 

VCO frequency in Hz 
total supply voltage to circuit. 

Loop gain may be reduced by connecting a resistor 
between pins 6 and 7 ; this reduces the load imped- 
ance on the output amplifier and hence the loop 
gain. 

HOLD IN RANGE: the range of frequencies that 
the loop will remain in lock after initially being 
locked. 


K 0 K d = 

fo = 
V c = 



f Q = free running frequency of VCO 
V c = total supply voltage to the circuit. 


The natural bandwidth of the closed loop response 
may be found from: 

J_ / KqK d 
T " " 2*7 R-jC-i 

Associated with this is a damping factor: 

s - - / 1 

2 V R-jCi K 0 K d 

For narrow band applications where a narrow noise 
bandwidth is desired, such as applications involving 
tracking a slowly varying carrier, a lead lag filter 
should be used. In general, if 1 /R -j C-i < K 0 K d , 
the damping factor for the loop becomes quite 
small resulting in large overshoot and possible 
instability in the transient response of the loop. 
In this case, the natural frequency of the loop 
may be found from 

= ± j K 0 K P 
n 277 yj T 1 + T 2 

+ t 2 = (Ri + R 2 ) Ci 

R 2 is selected to produce a desired damping factor 
5, usually between 0.5 and 1.0. The damping 
factor is found from the approximation: 


5 =* 7rr 2 f n 


These two equations are plotted for convenience. 



10- 4 10- 3 10- 2 in * 1 1 10 


Ti + T2 (sec) 

Filter Time Constant vs Natural Frequency 


THE LOOP FILTER 

In almost all applications, it will be desirable to 
filter the signal at the output of the phase detector 
(pin 7) this filter may take one of two forms: 



Simple Lag Filter Lag-Lead Filter 


A simple fag filter may be used for wide closed 
loop bandwidth applications such as modulation 
following where the frequency deviation of the 
carrier is fairly high (greater than 10%), or where 
wideband modulating signals must be followed. 



Damping Time Constant vs Natural Frequency 


Capacitor C 2 should be much smaller than Ci since 
its function is to provide filtering of carrier. In 
general C 2 < 0.1 Cf. 


\ 
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££] National 
Mjm Semiconductor 


Industrial Blocks 


LM566/LM566C Voltage Controlled Oscillator 

General Description 


The LM566/LM566C are general purpose voltage 
controlled oscillators which may be used to gener- 
ate square and triangular waves, the frequency of 
which is a very linear function of a control volt- 
age. The frequency is also a function of an external 
resistor and capacitor. 


a High temperature stability 

■ Excellent supply voltage rejection 

■ 10 to 1 frequency range with fixed capacitor 

■ Frequency programmable by means of current, 
voltage, resistor or capacitor. 


The LM566 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM566C is specified for operation over the 0°C 
to +70°C temperature range. 

Features 

■ Wide supply voltage range: 10 to 24 volts 

■ Very linear modulation characteristics 


Applications 

■ FM modulation 
a Sianal qeneration 

■ Function generation 

■ Frequency shift keying 

■ Tone generation 


Schematic and Connection Diagrams 




Order Number LM566CN 
See NS Package N08B 


Typical Application 


1 kHz and 10 kHz TTL Compatible 
Voltage Controlled Oscillator 



Applications Information 

The LM566 may be operated from either a single supply 
as shown in this test circuit, or from a split (±) power 
supply. When operating from a split supply, the square 
wave output (pin 4) is TTL compatible (2 mA current 
sink) with the addition of a 4.7 k£l resistor from pin 3 to 
ground. 

A .001 juF capacitor is connected between pins 5 and 6 
to prevent .parasitic oscillations that may occur during 
VCO switching. 

2(V+-V 5 ) 
f °" R,C,V + 
where 

2K<RT<20I< 

and V 5 is voltage between pin 5 and pin 1 
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LM566/LM566C 




LM566/LM566C 


Absolute Maximum Ratings 







Power Supply Voltage 

Power Dissipation (Note 1) 

Operating Temperature Range LM566 

LM566C 

Lead Temperature (Soldering, 10 sec) 

26V 

300 mW 
-55° C to +125°C 

0°C to 70°C 
300°C 





/ 

Electrical Characteristics v cc = 12V, t a = 25 °c, ac Test circuit 




PARAMETER 

CONDITIONS 

LM566 

LM566C 

UNITS 

MIN TYP 

MAX 

MIN 

TYP 

MAX 

Maximum Operating Frequency 

R0 = 2k 

CO = 2.7 pF 

1 



1 


MHz. 

Input Voltage Range Pin 5 


3/4 V C C 

vcc 

3/4 Vcc 


vcc 


Average Temperature Coefficient 
of Operating Frequency 


100 



200 


ppm/°C 

Supply Voltage Rejection 

10- 20V 

0.1 

1 


0.1 

2 

%/V 

Input Impedance Pin 5 


0.5 1 


0.5 

1 


M£2 

VCO Sensitivity 

For Pin 5, From 

8— 10V, fo= 10 kHz 

6.4 6.6 

6.8 

6.0 

6.6 

7.2 

kHz/V 

FM Distortion 

±10% Deviation 

0.2 

0.75 


0.2 

1.5 

% 

Maximum Sweep Rate 


800 1 


500 

1 


MHz 

Sweep Range 


10:1 



10:1 



Output Impedance 

Pin 3 

Pin 4 


50 

50 



50 

50 


Q 

a 

Square Wave Output Level 

RL1 = 10k 

5.0 5.4 


5.0 

5.4 


Vp-p 

Triangle Wave Output Level 

R|_2= 10k 

2.0 2.4 


2.0 

2.4 


Vp-p 

Square Wave Duty Cycle 


45 50 

55 

40 

50 

60 

% 

Square Wave Rise Time 


20 



20 


ns 

Square Wave Fall Time 


50 



50 


ns 

Triangle Wave Linearity 

\ 

+1 V Segment at 

1/2 V C C 

0.2 

0.75 


0.5 

1 

% 

Notel: The maximum junction temperature of the LM566 is 150°C, while that of the LM566C 
is 100°C. For operating at elevated junction temperatures, devices in the TO-5 package must be 
derated based on a thermal resistance of 150°C/W. The thermal resistance of the dual-in-line package 
is 100°C/W. 
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Typical Performance Characteristics 


Operating Frequency as a 
Function of Timing Resistor 


Operating Frequency as a 
Function of Timing Capacitor 


Normalized Frequency as a 
Function of Control Voltage 



0.1 1.0 10 
NORMALIZED FREQUENCY 



i io io z io 3 in 4 io 5 io 6 

FREQUENCY (Hz) 



0 .5 1.0 1.5 2.0 2.5 3.0 

CONTROL VOLTAGE IV 8 -,V 5 I(V) 



10 15 20 25 

SUPPLY VOLTAGE (V) 



-75 -50 -25 0 25 50 75 100 125 


TEMPERATURE TC) 



0 7T 2ff 3 IT 4tt 

Cjt ► 


Frequency Stability vs Load 
Resistance (Square Wave 
Output) 


Frequency Stability vs Load 
Impedance (Triangle Output) 


Square Wave Output 
Characteristics 



100 Ik 10k 

R L1 PIN 3 TO GROUND (Si) 



100 Ik 10k 

R L2 PIN 4 TO GROUND (£1) 



100 Ik 10k 

R L1 PIN 3 TO GROUND (ft) 


Triangle Wave Output 
Characteristics 



100 J Ik 10k 

R L2 PIN 4 TO GROUND (n) 


AC Test Circuit 
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LM566/LM566C 



LM567/LM567C 



National 

Semiconductor 


Industrial Blocks 


LM567/LM567C Tone Decoder 


General Description 

The LM567 and LM567C are general purpose tone 
decoders designed to provide a saturated transistor 
switch to ground when an input signal is present 
within the passband. The circuit consists of an I 
and Q detector driven by a voltage controlled 
oscillator which determines the center frequency 
of the decoder. External components are used to 
independently set center frequency, bandwidth 
and output delay. 

Features 

■ 20 to 1 frequency range with an external resistor 

■ Logic compatible output with 100 mA current 
sinking capability 

■ Bandwidth adjustable from 0 to 14% 


■ High rejection of out of band signals and noise 

■ Immunity to false signals 

■ Highly stable center frequency 

■ Center frequency adjustable from 0.01 Hz to 
500 kHz 

Applications 

■ Touch tone decoding 

■ Precision oscillator 

■ Frequency monitoring and control 

■ Wide band FSK demodulation 

■ Ultrasonic controls 

■ Carrier current remote controls 

■ Communications paging decoders 


Schematic and Connection Diagrams 

Metal Can Package 


Dual-ln-Line Package 



top view 


TOP VIEW 


Order Number LM567H or LM567CH 


Order Number LM567CN 


See NS Package H08C 


See NS Package N08B 
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Note 1: The maximum junction temperature of the LM567 is 150°C, while that of the LM567C and LM567CN is 100°C. 
For operating at elevated temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 
150°C/W, junction to ambient or 45°C/W, junction to case. For the DIP the device must be derated based on a thermal 
resistance of 187°C/W, junction to ambient. 
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LM567/LM567C 














LM567/LM567C 


Typical Performance Characteristics 


Typical Frequency Drift with 
Temperature (Mean and S.D.) 



Typical Bandwidth Variation 
with Temperature 


15 

12.5 

10 

7.5 
5.0 

2.5 
0 


14 ■ 

— 

— 

— 

— 



_ 

12 - 

in • 
















6 ■ 















4 - 


- 

— 

' " 










j 




z « 

BA 

NDWI 

IDTH 

AT 2 

5°C 





-75 -50 -25 0 25 50 75 100 125 


TEMPERATURE (°C) 


TEMPERATURE TC) 


Typical Frequency Drift with 
(Mean and S.D.) Temperature 



TEMPERATURE (°C) 


Typical Frequency Drift with 
Temperature (Mean and S.D.) 


Bandwidth vs Input Signal 
Amplitude 


Largest Detection Bandwidth 



TEMPERATURE ( U C) 


BANDWIDTH (%0F f 0 ) 


CENTER FREQUENCY (Hz) 


Detection Bandwidth as a 



0 2 4 6 8 10 12 14 16 

BANDWIOTH <%OFf 0 ) 


Typical Supply Current vs 
Supply Voltage 



4 5 6 7 8 9 10 

SUPPLY VOLTAGE (V) 


Greatest Number of Cycles 
Before Output 



3 5 10 20 30 50 100 

BANDWIDTH (% OF f 0 ) 


Typical Output Voltage vs 
Temperature 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


9-52 





Typical Applications 


Touch-Tone Decoder 



Oscillator with Quadrature Output 



Oscillator with Double Frequency Output 



Precision Oscillator Drive 100 mA Loads 



JUTJ 


AC Test Circuit 



INPUT 

f, = 100 kHz +5V 
'Note: Adjust for f 0 = 100 kHz. 


Applications Information 

The center frequency of the tone decoder is equal 
to the free running frequency of the VCO. This is 
given by 


f ° ~ 1.1R,C, 

The bandwidth of the filter may be found from 
the approximation 


BW = 1070 



in % of f Q 


Where: 

Vj = Input voltage (volts rms), V-, < 200 mV 
C 2 = Capacitance at Pin 2 (,{xF) 
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LM567/LM567C 




LM733/LM733C 


National 

Semiconductor 


Industrial Blocks 


LM733/LM733C Differential Video Amp 


General Description 

The LM733/LM733C is a two-stage, differential 
input, differential output, wide-band video ampli- 
fier. The use of internal series-shunt feedback gives 
wide bandwidth with low phase distortion and high 
gain stability. Emitter-follower outputs provide a 
high current drive, low impedance capability. It's 
120 MHz bandwidth and selectable gains of 10, 
100, and 400, without need for frequency compen- 
sation, make it a very useful circuit for memory 
element drivers, pulse amplifiers, and wide band 
linear gain stages. 

The LM733 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM733C is specified for operation over the 0°C 
to +70°C temperature range. 


Features 

■ 1 20 MHz bandwidth 

■ 250 kO input resistance 

■ Selectable gains of 10, 100, 400 

■ No frequency compensation 

■ High common mode rejection ratio at high 
frequencies. 


Applications 


■ Magnetic tape systems 

■ Disk file memories 

■ Thin and thick film memories 

■ Woven and plated wire memories 

■ Wide band video amplifiers. 
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Absolute Maximum 

Ratings 








Differential Input Voltage 




±5V 






Common Mode Input Voltage 




±6V 






Vcc 




±8V 






Output Current 



10 mA 






Power Dissipation (Note 1) 



500 mW 






Junction Temperature 



+150°C 






Storage Temperature Range 


-65°C to +150°C 






Operating Temperature Range 

LM733 

-55°C to +125°C 







LM733C 

0°C to +70° C 






Lead Temperature (Soldering, 

10 sec) 


300°C 






Electrical Characteristics (T a = 25°C, unless otherwise specified, see test circuits, V s = 

±6.0V) 

CHARACTERISTICS 

TEST 


LM733 

LM733C 


CIRCUIT 




■jjjj 


■si 

■2QI 

nifforpntial Voltaae Gain 



■ 

■ 






Gain 1 (Note 2) 1 





con 


400 

600 


Gain 2 UNote 3) 

1 

R L = 2 k£2 V OUT = 3 V p .p 

90 

100 

110 

80 

100 

120 


Gain 3 (Note 4) 


9.0 

10 

11 

8.0 

10 

12 


Bandwidth 










Gain 1 




40 



40 


MHz 

Gain 2 

2 



90 



90 


MHz 

Gain 3 




120 



120 


MHz 

Rise Time 










Gain 1 


Vour = 1 V pp 


10.5 



10.5 


ns 

Gain 2 

2 



4.5 

10 


4.5 

12 

ns 

Gain 3 




2.5 



2.5 


ns 

Propagation Delay 


VOUT = 1 V PP 








Gain 1 




7.5 



7.5 


ns 

Gain 2 

2 



6.0 

10 


6.0 

10 

ns 

Gain 3 




3.6 



3.6 


ns 

Input Resistance 










Gain 1 




4.0 



4.0 


kfi 

Gain 2 



20 

30 


10 

30 


kft 

Gain 3 




250 



250 


k£2 

Input Capacitance 


Gain 2 


2.0 



2.0 


pF 

Input Offset Current 


, 


0.4 

3.0 


0.4 

5.0 

PA 

Input Bias Current 




9.0 

20 


9.0 

30 

PA 

Input Noise Voltage 


BW = 1 kHz to 10 MHz 


12 



12 


pVrms 

Input Voltage Range 

1 


±1.0 



±1.0 



V 

Common Mode Rejection Ratio ■ 










Gain 2 

1 

V C M = ± 1V f^ 100 kHz 

60 

86 


60 

86 


dB 

Gain 2 


V CM -±1V f = 5 MHz 


60 



60 


dB 

Supply Voltage Rejection Ratio 










Gain 2 

1 

AV S = ±0.5V 

50 

70 


50 

70 


dB 

Output Offset Voltage 










Gain 1 

1 

R L =.°° 


0.6 

1.5 


0.6 

1.5 

V 

Gain 2 and 3 

■ 



0.35 

1.0 


0.35 

1.5 

V 

Output Common Mode Voltage 

1 

Rl = °° 

2.4 

2.9 

3.4 

2.4 

2.9 

3.4 

V 

Output Voltage Swing 


R l = 2k 

3.0 

4.0 


3.0 

4.0 



Output Sink Current 




3.6 


■a 

3.6 


mA 

Output Resistance 



I 

20 



20 


ft 

Power Supply Current 

1 

R u = oc 

,rt 

18 

24 

■ 

18 

24 

mA 
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LM733/LM733C 






















Electrical Characteristics (Continued) 

(The following specifications apply for -55°C < T A < 125°C for the LM733 and 0°C < T A < 70°C for the LM733C, V s = ±6.0V) 


lB 2 QZHIB 332 HBZ 223 iHZZZ 3 HB 3 B 3 Hil 2 SE 3 [il 


V C M = ± 1V,f^ 100 kHz 


TEST CONDITIONS 


CHARACTERISTICS 


Differential Voltage Gain 
Gain 1 
Gain 2 
Gain 3 

Input Resistance Gain 2 
Input Offset Current 
Input Bias Current 
Input Voltage Range 
Common Mode Rejection Ratio 
Gain 2 

Supply Voltage Rejection Ratio 
Gain 2 

Output Offset Voltage 
Gain 1 

Gain 2 and 3 
Output Voltage Swing 
Output Sink Current 
Power Supply Current 


Note 1: The maximum junction temperature of the LM733 is 150 C, while that of the LM733C is 100 C. For operation 
at elevated temperatures devices in the TO-100 package must be derated based on a thermal resistance of 150°C/W junction 
to ambient or 45°C/W junction to case. Thermal resistance of the dual-in-line package is 100°C/W. 

Note 2: Pins G1A and GIB connected together. 

Note 3: Pins G2A and G2B connected together. 

Note 4: Gain select pins open. 


Typical Performance Characteristics 


Pulse Response 


■■RVri 


iwwEwmnmml 


15 -10 -5 0 5 10 15 20 25 30 35 

TIME (ns) 


Pulse Response vs 
Temperature 


Pulse Response vs 
Supply Voltage 


-15-10 -5 0 5 10 15 20 25 30 35 

TIME (ns) 


-15-10 -5 0 5 10 15 20 25 30 35 

TIME (ns) 


Phase Shift vs Frequency 


N 







[gain; 

2 








v s 

; = ±l 

SV 



\ 





“ T f 

k = 2' 

5°C 




> 












Ss 






















s 














0 1 2 3 4 5 6 7 

FREQUENCY (MHz) 


Phase Shift vs Frequency 






■■ 

M! 

H 



m 

ii 


II 

m 

>■ 


■■ 

wm 

!(l 


■■ 

■ H 

1 


II 

mm 

■ 


50 100 * 500 1000 


Differential Overdrive 
Recovery Time 


FREQUENCY (MHz) 


0 20 40 60 80 100 120 140160180 200 
DIFFERENTIAL INPUT VOLTAGE (mV) 
















COMMON MODE REJECTION RATIO (dB) OUTPUT VOLTAGE SWING (V DC ) DIFFERENTIAL VOLTAGE GAIN SINGLE-ENDED VOLTAGE GAIN (dB) 


Typical Performance Characteristics (Continued) 


Voltage Gain vs Frequency 



1510 50 100 500 1000 


FREQUENCY (MHz) 


Gain vs Frequency 
Temperature 



1 5 10 50 100 500 1000 

FREQUENCY (MHz) 


Gain vs Frequency vs 
Supply Voltage 



1 5 10 50 100 500 1000 


FREQUENCY (MHz) 



10 100 Ik 10k 

Radj (n) 


Voltage Gain vs Temperature 



-60 -20 20 60 100 140 

TEMPERATURE (°C) 


Voltage Gain vs 
Supply Voltage 



SUPPLY VOLTAGE (±V) 


Output Voltage Swing vs 
Frequency 



1 5 10 50 100 5001000 

FREQUENCY (MHz) 


Supply Current, Output Voltage 
and Current Swing vs Supply 



3.0 4.0 5.0 6.0 7.0 8.0 


SUPPLY VOLTAGE (V) 


Output Voltage Swing vs 



10 50 100 200 500 Ik 5k 10k 

LOAD RESISTANCE (n) 



Common Mode Rejection 



10k 100k 1M 10M 100M 


Input Noise Voltage vs 



1 10 100 Ik 10k 



FREQUENCY (Hz) 


SOURCE RESISTANCES) 


TEMPERATURE (°C) 


LM733/LM733C 






LM903 





Z&i National 
mm Semiconductor 


Industrial Blocks 

LM903 Fluid Level Detector 


General Description 

Features 

The LM903 is a fluid level detector circuit which measures ■ Flashing or continuous warning indication 

the level of non-inflammable fluids with the aid of a ■ 7V-18V supply range 

thermo-resistive probe. A low fluid level is indicated by a _ Qnv/ pim „, 
warning lamp operating in continuous or flashing mode. 

The circuit has possible applications in the detection of " Switch on reset and dela y ,0 avold transients 

hydraulic fluid, oil levels, etc., and may be used with par- ■ Internal regulated supply 

tially conducting fluids. 

■ Warning threshold externally adjustable 

■ Short and open circuit probe detection 

■ Separate ground pins for lamp drive and measurement 


circuit 


■ 600 mA flashing lamp current drive capability 

Connection Diagram 



DuaMn-Line Package 

1 

O' 

16 

MEAS INPUT — 

• 

— MEAS REF V 

2 


15 

MEAS GND — 


MEMORY C 

3 


14 

PROBE 1 REF — 


— AUX OUTPUT 

4 


13 

PNP BASE — 


— RAMP R 

5 


12 

PROBE — 


— RAMP C 

6 


11 

SUPPLY — 


— VREG 

START INPUT — 


10 

— OSCC 

8 


9 

GND — 


— LAMP DRIVER 


TOP VIEW 


Order Number LM903N 

See NS Package N16E 
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Absolute Maximum Ratings 

Supply Voltage, V6 18V 

Start Input, V7 18V 

Probe Current Reference, V3 18V 

Pulse Voltage to Pins3, 6, 7, 9(Note1) 80V -10 ms 


Operating Temperature Range - 40°C to + 80°C 

Storage Temperature Range - 40°C to + 150°C 

Maximum Junction Temperature 150°C 

Lead Temperature (Soldering, 1 0 seconds) 300°C 


Electrical Characteristics Supply V6 = 12V, T A = - 40°C to + 80°C unless stated otherwise. 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Supply Voltage 

V6 

7 

13 

18 

V 

Supply Current 

*6 



45 

mA 

Regulated Voltage 

VII 

5.54 


6.15 

V 

Regulation Temperature Drift 

V6 = 7V-18V 



100 

mV 




500 


^V/°C 

Measurement Reference Voltage 

V16 

790 


900 

mV 

Input Resistance 

R16 


1.2 


kn 

Probe Current Reference Voltage 

V6-V3, External PNP Connected 

2.0 


■ / 

V 

Overvoltage Capability 

V6, 7, 3, 9, 10 ms Pulse (Note 1) 

80 



V 

Starting Latch 






High Input Voltage 

V7 

1.45 



V 

Low Input Voltage 

V7 




V 

High Input Current 

l 7 , V7< 1.45V 




nA 

Latch Holding Current 

l 7l Latch On 


2.5 


mA 

Rin 

R7, Latch On 


22 


kfi 

Ramp 






Ramp Current 

l 12 , 7.5 kn Between Pin 13 and 






Ground 






Charging V12, 0V-1V 

-0.6 

-0.85 

-1.1 

mA 


V12, 1V-4V 

-60 

-75 

-90 

H A 


Discharging V12, 4.1V 

700 

575 

450 

m a 


V12, 0.5V 

650 

525 

400 

/*A 

Ramp Thresholds 






Probe Current Start 

V12 

0.6 


0.82 

V 

First Measurement 

Rising Ramp 

0.9 


1.2 

V 

Second Measurement 

Falling Ramp 

0.9 


1.2 

V 

Alarm Level 






(Difference Between First 

AVI 

230 

280 

330 

mV 

and Second Measurement) 






Auxiliary Output 






Output for Lamp Off 

V14 

6.0 


7.6 

V 

Output for Lamp On 

V14 



0.7 

V 

Memory Comparator 






Leakage Current 

l 15 , V15 = 2V, V7 = 12V 



3 

mA 

Charging Current 

l 15( V15 = 4V, V7 = 12V 

-130 


-70 

mA 

Probe Voltages 






Open Circuit Detection 

V5 

6 



V 

Short Circuit Detection 

1 



0.4 

V 

Probe Voltage Range in 


1 


5 

V 

Normal Operation 






Oscillator Frequency 

3.3 /xF from Pin- 10 to Ground 

1 


2 

Hz 

Pin 1 Leakage 




3 

nA 

Pin 1 External Capacitor 



0.1 


aF 

Lamp Driver 





' 

Saturation Resistance 

R9 


2 


Q 

Maximum Current 

Flashing Mode 



600 

mA 


Note 1: Test circuit for overvoltage capability pins 3, 6, 7, 9*. 



*ln lamp on condition, Ig must be limited to less than 2A. 
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LM903 


Block and Application Circuit 



MEASURE AUXILIARY OUTPUT V REG 

REFERENCE LOW LAMP ON 

HIGH LAMP OFF 

Memory capacitor on pin 15 is set 
High — Lamp off 
Low — Lamp on 
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Circuit Timing Diagram 



Circuit Operation 


A measurement is initiated when the supply is applied, 
provided the control input pin 7 is low. Once a measure- 
ment ic commenced, pin 7 >s latched low and the ramp ca- 
pacitor on pin 12 begins to charge. After 25 ms when 
switch-on transients have subsided, a constant current is 
applied to the thermo-resistive probe. The value of probe 
current, which is supplied by an external PNP transistor, is 
set by an external resistor across an internally generated 
2V reference. The lamp current is applied at the start of. 
probe current. 

35 ms after switch-on, the voltage across the probe is 
sampled and held on external capacitor Cl (leakage cur- 
rent atpin 1 less than 1 nA). After a further 1.5 seconds the 
difference between the present probe voltage and the ini- 
tial probe voltage is measured, multiplied by 3 and com- 
pared with a reference voltage of 780 mV (externally 
adjustable via pin 16). If the amplified voltage difference is 
less than the reference voltage the lamp is switched off, 
otherwise the lamp commences flashing at 1 Hz to 2 Hz. 
10 ms later the measurement latch operates to store the 
result and after a further 8 ms the probe current is 
switched off. 

A second measurement can only be initiated by interrupt- 
ing the supply. An external CR can be arranged on pin 7 to 
prevent a second measurement attempt for 1 minute. The 
measurement condition stored in the latch will control the 
lamp. 

PROBES 

The circuit effectively measures the thermal resistance of 
the probe. This varies depending on the surrounding 
medium (Figure 1). It is necessary to be able to heat the 
probe with the current applied and, for there to be suffi- 
cient change in resistance with the temperature change, 
to provide the voltage to be measured. 

Probes require resistance wire with a high resistivity and 
temperature coefficient. Nickel cobalt alloy resistance 
wires are available with resistivity of 50 /tfiem and temper- 
ature coefficient of 3300 ppm which can be made into 
suitable probes. Wires used in probes for use in liquids 
must be designed to drain freely to avoid clogging. A 
possible arrangement is shown in Figure 2. 

The probe voltage has to be greater than 0.7V to prevent 
short circuit probe detection less than 5 V to avoid open 
circuit detection. With a 200 mA'probe current this gives a 
probe resistance range of 4S) to 25U. This low value makes 
it possible to use the probe in partially conducting fluids. 


Using resistance wire of 50 fxtt cm resistivity, 8 cm of 
0.08 mm (40 AWG) give approximately 8fi at 25°C. Such a 
probe will give about 500 mV change between first and 
second measurements in air, ana luu mV change with oil, 
hydraulic fluid, etc., in the application circuit. With an 
alarm threshold of 280 mV (typ) lack of fluid can readily be 
detected. As the probe current, measurement reference 
and measurement period are all externally adjustable, 
there is freedom to use different probes and fluids. 


Another possibility is the use of high temperature coeffi- 
cient resistors made for special applications and positive 
temperature coefficient thermistors. The encapsulation 
must have a sufficiently low thermal resistance so as not 
to mask the change due to the different surrounding 
mediums, and the thermal time constant must be quick 
enough to enable the temperature change to take place 
between the two measurements. The ramp timing could 
be adjusted to assist this. Probes in liquids must be able 
to drain freely. 



25 100 


PROBE TEMPERATURE (°C) 

FIGURE 1. Typical Thermo-Resistive Probe 



FIGURE 2 
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LM903 


Equivalent Schematic Diagram 
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Application Hints 

INTERNAL COMBUSTION ENGINE OIL LEVEL 

The basic system provides a single shot measurement 
when the supply is applied and has a primary application 
in automotive oil, hydraulic fluid and coolant monitoring. 
Particularly in the case of engine oil level, a valid measure- 
ment is only possible before the oil is disturbed. The appli- 
cation circuit shown is arranged such that the measure- 
ment is made when the ignition is switched on via 
switch A. Switch B is the oil pressure sensor and is closed 
before the engine starts, keeping pin 7 low and enabling 
the measurement. 

STALLING AND RESTART PROTECTION 

The 4M7 resistor and 10 n F capacitor connected to pin 7 
provide the restart protection. When oil pressure builds 
up, switch B opens and the 10 /iF capacitor charges 
through the bulb. At switch-off, the capacitor discharges 
slowly and is capable of preventing a low state on pin 7 for 
1 minute. Unless pin 7 is low, a new measurement can not 
be made and the previous measurement result stored in 
the memory capacitor on pin 15 is used to control the 
output. 

MEMORY 

The pin 15 memory output goes high if a correct measure- 
ment is made (lamp off)'. If the power is removed, pin 15 
leakage is less than 3 [iA and the memory status is re- 
tained for some time. Provided pin 15 voltage does not fall 


below 3V, the memory capacitor will be refreshed on 
powering up again. There is no internal pull down on 
detecting an incorrect measurement. If it is required to use 
pin 15 as an output indicating the measurement result, an 
external pull down resistor and buffer will be required; 

CONTINUOUS WARNING LAMP 

The lamp can be arranged to light continuously by disa- 
bling the oscillator with a resistor of 150k or less, con- 
nected between pins 10 and 11. 

REPETITIVE MEASUREMENTS 

Measurements may be repeated by strobing the supply to 
pin 6. The probe current regulator transistor must have the 
same supply as pin 6, but the warning lamp can be per- 
manently powered. The lamp will light during each meas- 
urement and will flash in between measurements when 
incorrect conditions are detected. 

ALTERNATIVE APPLICATIONS 

Gas flow detection: The cooling effect of gas flowing over 
a probe could be used to provide a warning signal from the 
LM903 in the event of gas failure. 

Automatic top up: With the LM903 strobed continuously, 
the output may be stored, buffered, and used to drive 
solenoid valves to correct a fluid level as required. 
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National 

Semiconductor 


Industrial Blocks 

PRELIMINARY 


LM909 Remote Control Receiver 


General Description 

The LM909 is a remote control receiver and decoder for fre- 
quencies up to 40 MHz. The circuit consists of an RF am- 
plifier, AGC, detector, phase lock loop for tone decoding, 
level detection and switching to push-pull output stages 
suitable for driving small motors directly. The circuit can 
be optimized for use with various modulation schemes by 
adjusting external PLL and demodulation filter compo- 
nents. This device is especially suited to low cost model 
control applications. 


Features 

■ Good RF sensitivity 

■ PLL tone demodulator 

■ Large AGC range 

■ Outputs capable of 1A surges and 0.6A continuous 
operation 

■ Wide supply voltage range 

■ Internally stabilized supply 

■ Flip-flop defines reference on PLL 

■ Four functions-e.g., left/right, forward/reverse capability 

■ Thermal shutdown overload protection 


Typical Application Circuit 



T2 Primary 12T 
Secondary 2T 
5mm Former 

* 10Q-91Q for better stability and when 
using an 1C socket.'see Application Notes. 
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Absolute Maximum Ratings 

Supply Voltage (Pin 17) 14V 

RF Input Voltage(Pin 7) 1 Vp-p 

Power Dissipation (Note 1) 2W 

Operating Temperature Range 0°Cto +70°C 

Maximum JunctionTemperature 150°C . 

Storage Temperature Range -65°Cto +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 





Electrical Characteristics v$ = 9v, = 25 °c unless otherwise stated. 




Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V17 

Supply Voltage Range 


5 

9 

14 

V 

■l7 

Supply Current 

lie = 0, l 13 = 0 (Note 2) 


45 

60 

mA 

V9 

Internally Regulated Voltage 


2.6 

2.8 

3.0 

V 


Internal Line Regulation 

V17 = 5V to 14V 


9 


mV/V 

RECEIVER AND AGC CIRCUIT 

V7 

RF Input Sensitivity Pin 7 

f = 27 MHz, 100% Mod, 1 kHz 


15 


/A/rms 



(mOic o; 





R7 

Input Resistance Pin 7 

f = 27 MHz 


1.2 


kfl 

07 

Input Capacitance Pin 7 



10 


PF 

V6 

Input Sensitivity Pin 6 

As for Pin 7 


120 


/A/rms 

R6 

Input Resistance Pin 6 



2.2 


kfi 

C6 

Input Capacitance Pin 6 



7 


PF 

AV7 

AGC Range 

For 10 dB Output Change 
f = 27 MHz, 100% Mod, 1 kHz 


50 


dB 

V12 

Demodulated Output 

100% Mod, 1 kHz @ 200 pVrms RF 


100 


mVp-p 

vco 

f3 

Free R.unning Frequency 

Grin 3 = 10 nF, Rpin 3 = 33k 


11 


kHz 


Tuning Range 

@ f 0 = 11 kHz, Cpin 3 = 10 nF 

Rpin 3 = 22 kfl to 44 kfl 


±2 


kHz 

9 

Frequency Drift with 

Supply Voltage 

f 0 = 11 kHz 

V17 = 5V to 14V 


0.1 


%/V 


Control Sensitivity 

f 0 = 11 kHz 


1.7 


kHz /V 


Frequency Drift with 
Temperature 

Temperature Range 0°C to 70°C 


4 


Hz/°C 

PLL 

Af12 

Capture Range 

V12 = 100 mVp-p, f 0 = 5.5 kHz 
(VCO = 11 kHz) 




Hz 

Af12 

Holding Range 

V12 = 100 mVp-p, f 0 = 5.5 kHz 
(VCO = 11 kHz) 




Hz 


Recovered Signal at 

Pin 2 (Loop Filter) 

Pin 12 = 5.5 kHz, 100 mVp-p 
±600 Hz Deviation 


1.2 


Vp-p 

V2 

DC Level Pin 2 


2.5 

2.75 

3.0 

V 

DECODER 

V2 

Pin 2 Threshold for Pin 1 
Sourcing Current 



2.45 


V 

V2 

Pin 2 Threshold for 

Pin 18 Sourcing Current 



3.05 


V 

•l, 18 

Pin 1, 18 Charge Current 





/xA 

R1.18 

Internal Discharge 

Resistance of 

Pins 1 and 18 



6.5 


kfi 
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Parameter 

Conditions 

Min 

Typ 

Max 

Units 

OUTPUT STAGES 

VI 

Threshold Voltage for 

V16 Low 

V18< 0.35V 


0.35 


V 

V18 

Threshold Voltage for 

V16 High 

VI < 0.35 V 


0.35 


V 

VI, 18 

Threshold Voltage for 

V13 Low 



1.5 


V 

VI, 18 

Threshold Voltage for 

V13 High 



2.75 


V 

R13, 16 

Output Resistance V13, , 

V16 High 

•i 3, 16 = - 500 mA (Sourcing) 


2 


fi 

R13, 16 

Output Resistance V13, 

V16 Low 

h 3, 16 = 500 mA (Sinking) 


1 


0 


Electrical Characteristics (Continued) V s = 9V, T A = 25°C unless otherwise stated. 


Note 1: Above 25°C ambient, derate based on Tj(max) = 150°C and a thermal resistance of 85°C/W, junction to ambient. 
Note 2: The supply current is virtually constant over the 5V-14V supply range (no signal conditions). 

Note 3: For 50 mVp-p recovered audio at pin 12 and RF input terminated in 500. 


Typical Performance Characteristics 




10 mV 100 M V 1 mV 10 mV 100 1 
RF INPUT (Vrms) 

FIGURE 2. Demodulated 
Output vs RF Input 


4.4 5.0 5.4 6.0 

DEMODULATED OUTPUT PIN 12 (kHz) 

FIGURE 3. PUL Transfer 
Characteristics 



SUPPLY VOLTAGE (V) 

FIGURE 4. VCO Supply 
Sensitivity 



5 6 7 8 9 10 11 12 13 14 

SUPPLY VOLTAGE (V) 

FIGURE 5. Stabilized 
Voltage vs Supply Voltage 



10 20 30 40 50 60 70 
AMBIENT TEMPERATURE (°C) 

FIGURE 6. Allowable 
Device Dissipation vs 
Ambient Temperature 
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FIGURE 7 








LM909 


Application Notes 

TYPICAL SYSTEM 

The receiver application circuit shown has values de- 
signed for use with the following transmitter 
specification: 

f RF 27 MHz 

f TONE 5.5 kHz, 100% modulation — square wave 
Af TONE ± 600 Hz FSK @ 160 Hz with possible 100%, 
60% or 30% duty cycles 

A simple tone generator can readily be arranged using the 
LM556 (dual LM555) timer 1C as shown in Figure 8. The fre- 
quency modulation of the tone controls one output func- 
tion. The duty cycle of the tone keying controls the other 
function. 

PRINCIPLE OF OPERATION 

The RF signal from the aerial is AC coupled via a tuned cir- 
cuit to the single ended input at pin 7. The signal is then 
processed in a gain stage with AGO whose output (at pin 8) 
can be fed to the RF input (pin 6) via a further tuned circuit. 

LEFT FORWARD 

CENTER STOP 

RIGHT CONTROL SWITCHES REVERSE 


There then follows a fixed gain block and detector, with 
the demodulated audio tone available at pin 12. 

The FSK modulated 5.5 kHz signal is internally applied toa 
phase detector forming part of a PLL with the 11 kHz VCO. 
A reference signal for the phase detector is derived from 
the VCO via a bi-stable circuit. The FSK waveform is avail- 
able at pin 2 across the loop filter capacitor. A positive 
deviation of greater than 0.3V causes the integrating 
capacitor on pin 1 to be charged. A similar negative devia- 
tion causes the capacitor on pin 18 to be charged. The 
voltage levels at the integrating capacitors are decoded to 
determine the output states, as shown in Table I. 

As illustrated in the Schematic Diagram, NPN transistors 
are used in the high current output stages, hence the out- 
put voltage excursion is limited to approximately 0.3V 
above ground in one direction and IV below the positive 
supply in the other. The supply may also be split unequally, 
e.g., 6V and 3V. 



100 ° /o , „ 14 „ n 4 f 0 = 5.5 kHz — stop 27 MHz 

L + R at 150 Hz typ u 

65% Af = ± 600 Hz — forward/backward 


25% — center 


FIGURE 8. FSK System Using LM556CN 


TABLE I. DECODE FUNCTION TABLE 


Integrator’s Threshold 
Voltages 

Vpinl Vp in18 

States of Output 
Stages 

Pin 13 Pin 16 

Frequency of 
Modulation 
kHz 

Deviation 
Duty Cycle 
@ f =160 Hz 

Possible Functions 

Pin 16 = Forward/Reverse 
Pin 13 = Right/Left 

<0.3 

<0.3 

0 

0 

5.5 

0% 

Stop 

<0.3 

0.4< V< 1.5 

0 

1 

6.1 

30% 

Reverse 

0.4< V< 1.5 

<0.3 

0 

-1 

4.9 


Forward 

1.6< V<2.7 

<0.3 

-1 

-1 

4.9 

60% 

Forward and Left 

<0.3 

1.6< V<2.7 

-1 

1 

6.1 

60% 

Reverse and Left 

>3.0 

<0.3 

1 

-1 

4.9 

100% 

Forward and Right 

<0.3 

>3.0 

1 

1 

6.1 

100% 

Reverse and Right 



Output States 

■ 

Off 


Source Current 

■ 

Sink Current 
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Semiconductor 


Industrial Blocks 


LM1014/LM1014A Motor Speed Regulator 


General Description 

The LM1014 is a monolithic integrated circuit specifically 
designed to provide a low cost motor speed regulator for 
low voltage DC motors. 

Features 

■ 5V to 20V operating voltage range 

■ Short circuit protection 


■ Externally selectable temperature coefficient 

■ Remote pause control 

■ Saturation voltage 0.1V 

■ Motor connected to ground for ease of RF 
suppression 

■ Motor torque compensation 

■ Low current consumption 


Functional Block Diagram and Typical Connection 
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LM1014/LM1014A 




Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Comments 

Supply Voltage Range 


5.0 


20.0 

V 


Supply Current 

Current into Pin 6 


6.0 

8.0 

mA 


Reference Voltages 

Pin 2 and 3 Open 


0.93 


V 

-1.0 mV/°C 


Pin 2 Gnd, Pin 3 Open 


1.13 


V 

-0:3 mV/°C 


Pin 2 Open, Pin 3 Gnd 


1.33 


V 

0.3 mV/°C 


Pin 2 and 3 Gnd 


1.53 


V 

1.0 mV/°C 

Line Regulation of 

V S = 5V to V s = 20V 



2.0 

% v REF 

LM1014 

Reference Voltage 

Pin 1 



1.0 

% V REF 

LM1014A 

Remote Stop 

Current into Pin 4 When 






Current 

Grounded 


125 

200 

mA 

Note 2 

Output Current 

A1 

Short Circuit 

V s = 5V 

Pin 1 Gnd 

R1 = 1G 

15 

40 

1.4 


mA 

A 

Current into 

Pin 7 

Note 3 



M 

Current Limit 







Motor Sense 

R1 = 10, R2 = 200fi 






Current Deviation 

Current into Pin 1:11 





(11/lm — 1) 
Exclusive of 







External 







Components 







Tolerances 




±1.5 


% 

LM1014A 




±3.0 


% 

LM1014 


Note 1: Unless otherwise specified, 5V<V S <20V and - 15°C<T A <55°C. 

Note 2: The remote stop is activated by grounding pin 4. The motor restarts after disconnection of the ground connection. 

Note 3: The current limit is set by resistor R1, i.e., IS1.4V/R1. When the output current exceeds this limit, the drive to the output transistor is switched off by a 
latch circuit. The motor can only be restarted after interruption of the supply voltage. 
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Schematic Diagram 
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LM101 4/LM1014A 


Typical Performance Characteristics/Application 


1. The output voltage V M is given by: 

R3 R1 R3 

v m = v ref 0 + — ) + 1m — 1 — 

R4 5R2 

2. R1 R3/5R2 must be equal to dynamic motor winding 
resistance R M in order to keep the speed constant dur- 
ing load torque variations. 


3. Four selectable temperature coefficients by ground- 
ing pin 2 and/or pin 3 for temperature compensation of 
motor characteristic. 

4. Parameter of the motor used for the test results 
shown below: 

R M = 16.30 and back e.m.f.= 3.25V @ 2000 r.p.m.; 
torque constant 5.9 mA/mNm; External components: 
R1 =10 Cu, R2 = 2000 and R3 = 16 kO; V REF = 1.13V (pin 
2 grounded); C BE = 2.2 and C3 = 0.47 ^F. 


Parameter 

Conditions 

Max 

Motor Speed Deviation 

V S = 5V to 10V 

± 0.5% 

(Voltage) 

V s = 5 V to 20V 

±1.0% 

Motor Speed Deviation 
(Load) 

l M = 25 mA to 125 mA 

±1.0% 

Motor Speed Deviation 

T = + 5°C to +35 °C 

1.0% 

(Temperature) 

T= — 15°C to + 55 °C 

3.0% 


Connection Diagram 


Dual-ln-Line Package 



NON-INVERTING INPUT A2 

INVERTING INPUT A2 

TORQUE COMPENSATION/ 
SHORT CIRCUIT PROTECTION 

OUTPUT A1 

POSITIVE SUPPLY 


Order Number LM1014N 
or LM1014AN 
See NS Package N10B 
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National 
Semiconductor 

LM1801 Smoke Detector 

General Description 

The LM1801 is designed to provide the functions of an 
ionization type smoke detector as specified by UL217. 
Though primarily designed to operate from a 9V alkaline 
battery, provision is made for operation at supplies up 
to 14V and for line operation. 

Low battery threshold, alarm threshold, hysteresis and 
stand-by current drain are externally programmed by 
resistors. The LM1801 includes a power transistor 
capable of directly driving a typical 85 dB horn. The 
ionization chamber requires an external FET buffer. 

A parallel alarm output is provided to enable up to 8 
similar detectors to be connectea in paraiiei. in mi* 
mode, a fault on the line cannot prevent local operation. 
The low battery alarm signal is confined to the local 
unit. 

A 6V regulated output is provided for the chamber and 
FET supply and a second output with a different temper- 
ature coefficient is available for the alarm threshold 
potentiometer. This allows compensation of JFET drift. 


Industrial Blocks 


Features 

■ UL component recognized 

■ 9V to 14V operation 

■ Direct drive to horn 

■ Clamp diodes on chip 

■ Internal zener for line operation 

■ JFET and MOSFET compatible 

■ Parallel alarm capability 

■ Low stand-by current drain 


Applications 

■ Domestic smoke detectors 

■ Line operated smoke detectors 

■ Gas detectors 

■ Intrusion alarms 

■ Battery operated detectors 



Block and Connection Diagram 


Dual-ln-Line Package 


TIMING BATTERY PARALLEL HORN 

CAPACITOR GND SENSE SENSE ALARMS VQC DRIVE 



Order Number LM1801N 
See NS Package N14A 
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LM1801 


Absolute Maximum Ratings 

Supply Voltage 
Input Voltage 
Input Differential Voltage 
Power Dissipation (Note 1) 

Operating Jemperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


14V 

-0.3V to 14V 
±14V 
300 mW 
0°C to +70°C 
-65°C to +125°C 
300°C 


Electrical Characteristics (Note 2 ) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Comparator 






Input Offset Voltage 



3 

15 

mV 

Input Bias Current 



3 

10 

nA 

Input Offset Current 



0.5 

3 

nA 

Pin 6 Output Low 

ISINK = 100mA 


1.5 

2.0 

V 

Output Stage (Pin 8) 

! 





Leakage Current 



45 

500 

nA 

Saturation Voltage 

18 = 200 mA 


0.9 

1.3 

V 

Saturation Voltage 

Ig = 500 mA 


1.8 


V 

Common Alarm Line (Pin 10) 






Drive Capabilities 

V4> V5 





Output Voltage High 


6.0 

6.5 


V 

Output Current 

V10= 0.0V 

4.0 

6.5 


mA 

Driver Requirements 

V5> V4 





Input Voltage 



3.6 


V 

Input Current 

V8 = 1.5V, Is = 200 mA 


0.4 


mA 

Regulator 






Pin 2 Reference Voltage 

12 = 1 juA 

5.4 

5.8 

6.4 

V 

Temperature Coefficient 

1 


5 


mV/°C 

Pin 3 Reference Voltage 

12 = 13 = 1 juA 

4.8 

5.3 

5.8 

V 

Temperature Coefficient 



7 


mV/°C 

Battery Check Oscillator 






Threshold Voltage (Pin 12) 



6.0 

6.5 

V 

Period 

VCC = 7.5V, Cl = 10/ttF 


42 

50 

Sec 

Beep Pulse Width 

Vcc= 7.5V, Cl = 10 pF 


30 


ms 

Supply Current (Note 3) 



7 

9 

MA 

Zener Clamp Voltage, V9 

lg= 1 mA 

14 

14.5 

17 

V 


Note 1: For operating at elevated temperatures, the device must be derated based on a 125°C maximum junction temperature and a thermal 
resistance of 187°C/W junction to ambient. 

Note 2: R SET = 10 MU, V cc = 9V, T A =. 25° C, (Figure V. 

Note 3: Stand-by mode. JFET is biased for Iqs = 1 ^A. 
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Application Hints 

The LM1801 is biased by a group of current sources 
which are controlled externally by a fixed resistor. 
In normal operation the stand-by current drain is nom- 
inally 6 times the set current at pin 1. The voltage at 
pin 1 is 2 diode drops below the positive supply voltage. 
The total stand-by current drain of the smoke detector 
will include, in addition to the above, the current drawn 
by the external circuits connected at pins 2, 3 and 12. 
These comprise the resistive dividers used to set the low 
battery threshold and alarm threshold plus the bias 
current in the ionization chamber and FET buffer. 

The low battery threshold is set by R1 and R2 (Figure 1). 
Select these values so that the voltage at pin 12 is equal 
to the oscillator trip voltage when the battery voltage is 


at the low limit at which the low battery alarm is to 
operate. The given values provide a warning at about 
8.2V. 

Hysteresis can be provided by R5, giving an added 
degree of noise immunity in high noise environments. 

Figure 2 is a suggested PC board layout for the circuit of 
Figure 1 . 

Parallel operation of 2 or more units is easily achieved 
with a pair of wires connecting pin 10 of each unit and 
ground. In this mode, every alarm will sound should any 
single unit detect smoke. 
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National 

Semiconductor 


Industrial Blocks 


LM1812 Ultrasonic Transceiver 

General Description 

The LM1812 is a general purpose ultrasonic transceiver 
designed for use in a variety of ranging, sensing, and com- 
munications applications. The chip contains a pulse- 
modulated class C transmitter, a high gain receiver, a 
pulse modulation detector, and noise rejection circuitry. 

A single LC network defines the operating frequency for 
both the transmitter and receiver. The class C transmitter 
output drives up to 1A (12W) peak at frequencies up to 
325 kHz. The externally programmed receiver gain pro- 
vides a detection sensitivity of 200 /A/p-p. Detection cir- 
cuitry included on-chip is capable of rejecting impulse 
noise with external programming. The detector output 
sinks up to ia 

Applications include sonar systems, non-contact ranging, 
and acoustical data links, in both liquid and gas ambients. 


Features 

■ One or two-transducer operation 

■ Transducers interchangeable without realignment 


■ No external transistors 

■ Impulse noise rejection 

■ No heat sinking 

■ Protection circuitry included 

■ Detector output, drives 1A peak load 

■ Ranges in excess of 100 feet in water, 20 feet in air 

■ 12W peak transmit power 


Applications 

H Liauid level measurement 

■ Sonar 

■ Surface profiling 

■ Data links 

■ Hydroacoustic communications 

■ Non-contact sensing 

■ Industrial process control 


Typical Application <v + =i2v> 


jrr JT CAN-1A901HM 


Cl 

to 470 pF 


R17 

25k 22k 


C17 C11 

220 nF 680 nF 

Hb. Hb 


C9 9| 

100 nF I | 


DUTY-CYCLE 

LIMIT 


INTEGRATOR 

RESET 


OSCILLATOR H ONE-SHOT 


DETECTOR M* 

OUTPUT M 


3 12V 
DC 

MOTOR 


719VXA-A018YSU* 


r-r ■ 

L6 


^^3 

C13 

— 1 250 /iF 

I± 16V 


L 




1 — i i 1 



T r* 470 m F/16V 
DISPLAY NEON 


tlslote: Echo returns are displayed by a neon lamp on a motor driven disc. Connections to the neon are made through brushes and slip rings. 
Rotating with and counterbalancing the neon lamp is a permanent magnet whose field induces a pulse in a stationary coil (L8) as it passes by. 
This pulse keys the LM1812’s transmitter. 

* Available from Toko America, Inc., 5520 West Touhy Avenue, Skokie, Illinois 60077 Tel. (312) 677-3640 
“Available from Massa Products Corporation, 280 Lincoln Street, Hingham, Massachusetts 02043 Tel. (617) 749-4800 

FIGURE 1. 200 kHz Depth Sounder, 5 Feet to 100 Feet 
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Absolute Maximum Ratings 

Supply Voltage, V + (Pin 12) 

Power Dissipation (Note 1) 

Peak Current (Pins 6, 14) 

Input Current (Pins 4, 8) 

Operating Temperature 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


18V 
700 mW 
1A 
50 mA 
0°Cto70°C 
-65°Cto + 150°C 
300°C 


Electrical Characteristics <v + = 12 V, t a = 25 °c, unless otherwise noted) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Sensitivity 

Figure 2 


200 

600. 

MVp-p 

Transmitter Output, Vsat 

le = 1A 


1.3 

3 

V 

Transmitter Output Leakage 

§> 
CO o 

II II 

> > 


0.01 

1 

mA 

Detector Output, V SAT 

1-14 = 1A 


1.5 

3 

V 

Detector Output Leakage 

V14 = 36V 


0.01 

1 

mA 

Transmitter Key Threshold 

CO 

II 

3 

> 

0.55 

0.7 

0.9 

V 

Supply Current 

h + H2 

Receive Mode 

5 

8.5 

20 

mA 

. V8 for Receive Mode 




0.3 

V 

Maximum Operating Frequency 

Transmit Mode 

200 

325 


kHz 


Note 1: For operating at high temperatures, the LM1812 must be derated based upon a 125°C maximum junction temperature and a thermal resistance of 
120° C/W which applies for the device soldered in a printed circuit board and operating in a still air ambient. Due to the low duty cycle operation, only a small 
average power is dissipated in the package. 


Test Circuit 



f|N=200 kHz 

Input sensitivity = minimum Vjn for Vq to go low 


FIGURE 2. Sensitivity Test Circuit 
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Application Hints 


EXTERNAL COMPONENT DESCRIPTIONS 


Pin 

Component 

Typical Values 

Pin Description 

Component Function 

1 

LI, Cl 

500 p H-50 mH 
250 pF-2.2 nF 

Second gain stage output/ 
transmitter oscillator 

Set the operating frequency (f 0 ) for 
the transmit oscillator and receiver 

2 

C2 


Second gain stage input 

Couples first and second gain stage 

3 

R3 

5.1 kfi 

First gain stage output 

Terminates emitter-follower output 

4 

C4 

100 pF-10 nF 

First gain stage input 

Input coupling for the first gain stage 

6 

L6 

50 /iH-IOmH 

Transmitter output 

Matches LM1812 to the transducer 

7 

- 

- 

Transmitter driver 


8 

R8 

1 kfi-10 kfi 

Transmitter key 

Current limiter for keying pulses up to 12V 

9 

C9 

100 nF-10 pF 

Receiver second stage delay 

Sets the receiver turn-on delay after 
transmit (Figure 10) 

11 

C11 

220 nF-2.2 pF 

Detector output duty cycle limit 

Limits the duty cycle of the detector 
output (short to ground to defeat) 

13 

C13 

100 pF-WOO pF 

Transmitter supply decoupling 

Decouples the transmitter power supply 

14 

T14 

L P >50 mH 
N S /N P =10 

Detector output 

Drives neon display lamp 

16 

— 

— 

Output driver 

— 

17 

R17, C17 

22k-Open 

10 nF-10 pF 

Pulse integrator 

Controls integration time constant 
(Figure 13) 

18 

Cl 8 

1 nF-100 pF 

Pulse integrator reset 

Controls integrator reset time constant 
(Figure 14) 


TRANSDUCERS 

The rqost common transducer used with the LM1812 is the 
piezo-ceramic type which is electrically similar to a quartz 
crystal. Piezo-ceramic transducers are resistive at only 
two frequencies, termed the resonant and antiresonant (f r , 
f a ) frequencies. Elsewhere these transducers exhibit 
some reactance as shown in Figure 3. 


* (a) 


(b) 


f 

FIGURE 3. Phase and Magnitude 
of Transducer Impedance 

For transmitting (to maximize electrical to mechanical 
efficiency), the transducer should be operated at its reso- 
nant frequency. For receiving (to maximize mechanical to 
electrical efficiency), optimum operation is at antireso- 
nance. In two-transducer systems the resonant frequency 
of the transmit transducer is matched to the antiresonant 
frequency of the receiver. 

The LM1812 is primarily used with a single transducer per- 
forming both transmit and receive functions. In this mode, 
maximum echo sensitivity will occur at a frequency close 
to resonance. 



Transducer ringing is a troublesome phenomenon of 
single transducer systems. After a transducer has been 
electrically driven in the transmit mode, some time is re- 
quired for the mechanical vibrations to stop. Depending 
on the amount of damping, this ringing may last from 10 to 
1000 cycles. This mechanical ring produces an electrical 
signal strong enough (>200 /*Vp-p) to hold the detector 
ON, thus masking any echo signals occurring during this 
time. 

A solution to this ring problem is to vary the receiver gain 
from a minimum, just after transmit, to a maximum, when 
the ring signal has dropped below the full-gain detection 
threshold. Since near-range echo signals are much 
stronger than ring signals, close echoes will still be 
detected in spite of the reduced gain. 

The gain is varied by attenuating the signal between pins 2 
and 3 of the LM1812. Figure 4 shows such an arrangement. 
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Application Hints (Continued) . 

An externally generated 12V pulse ( Figure 17) keys the 
transmitter and activates the attenuator. This pulse 
charges C to a voltage set by P8, turning the FET OFF. C 
slowly discharges through R, decreasing the gate voltage, 
which in turn decreases the attenuation of the signal 
passing from pin 3 to pin 2. R and C are selected so that the 
FET is not completely turned ON until all detectable ring- 
ing has stopped. The duration of the ring is rarely specified 
by the transducer manufacturer and must be experimen- 
tally determined. 

When designing an ultrasonic ranging system, three 
transducer parameters are very important: 

1) resonant impedance (Rj in Figure 3b) 

2) maximum peak-to-peak voltage 

3) resonant frequency, f r 

This data, used in conjunction with the curves given in 
Figure 6, results in a functional output stage design. 

TRANSMITTER 

The transmitter ( Figure 5) consists of an oscillator, a 1 ns 
one-shot, and a power amplifier. 

When the transmitter is keyed ON at pin 8 the L1-C1 tank is 
switched to the oscillator mode. An on-chip 1 /*s one-shot 
is triggered with each cycle of the oscillator and, in turn, 
drives a power amplifier. This one-shot has a reset time of 
2 fjL s, limiting the maximum operating frequency to about 
325 kHz. A transformer couples the transducer to the out- 
put stage. 

The oscillator frequency is set by L1-C1 and can be 
calculated from 


2? r /UCT 

The L1-C1 tank must have a minimum R P of 10 kQ where 
Rp = 27rfoQL1 

and Q = unloaded Q of L1-C1 tank. 


The output transformer (L6) is designed with the aid of 
Figure 6. Curves are shown for two common frequencies: 
40 kHz and 200 kHz. For a given load impedance (R T , 
Figure 3b), a turns ratio for L6 is determined. In order not to 
exceed the transducer’s specifications, the peak-to-peak 
output voltage may need to be adjusted using the 
equation: 

VP-P.2V* (JS) 

To ensure that the output stage is not overloaded, a cur- 
rent measurement must be made at pin 6. While the first 
few pulses of each transmit period may reach 2A or3A, the 
steady-state current spikes must not exceed 1A. Current 
spikes are reduced by decreasing the turns ratio of L6. 

The secondary of L6 tunes with C6 at the operating fre- 
quency, f 0 . 



loo ik 10k 

Rt-LOAD RESISTANCE (ft) 


FIGURE 6. L6 Turns Ratio 
vs Load Resistance 



FIGURES. Transmitter 
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Application Hints (Continued) 

Where additional power is desired, a pulse amplifier or a 
pulse stretcher can be used as shown in Figure 7. The 
pulse amplifier ( Figure 7a) increases output current up to 
5A. The pulse stretcher ( Figure 7b) increases output cur- 
rent and pulse width. The wider pulse of Figure 7b is 
especially useful at lower frequencies where the relatively 
narrow 1 /is pulse creates a large peak current demand for 
a given power level. Pulse width as a function of R is 
plotted in Figure 8. 

Pin 8 performs the function of switching the LM1812 into 
either the transmit or receive mode. When pin 8 is held 
high, the chip is in the transmit mode. When held low, it is 
in the receive mode. The input current at pin 8 should be 
designed to operate within a 1 mA-10 mA range. 

RECEIVER 

The receiver section (Figure 9) contains two separate gain 
stages. 

In some applications large voltages are applied across the 
transducer during transmit. Since the receiver input is 





FIGURE 8. Pulse Stretcher 
Resistance vs Pulse Width 


coupled to the transducer, some protection is necessary 
to limit the input current spikes to less than 50 mA. Where 
the voltage across the transducer is less than 200 Vp-p, a 
C4 reactance of 5 kG at the operating frequency is ade- 
quate protection. Above 200 Vp-p, a 5 kO resistor should be 
inserted in series with C4. 

Since the L1-C1 tank circuit is shared with the oscillator, 
both the transmitter and receiver are always tuned 
to the same frequency. The second stage voltage gain is 
given by: 



where Q = unloaded Q of L1-C1 tank. 

When the LM1812 is in the transmit mode, the second gain 
stage is turned OFF. When switching back to the receive 
mode, the gain stage does not turn ON immediately, but in- 
stead turns ON after a slight delay as programmed by C9. 
This delay blanks the receiver (and therefore the detector) 
momentarily, giving the transducer time to stop ringing. 


v+ 



FIGURE 7b. Pulse Stretcher' 


v+ 



FIGURE 9. Receiver Section 
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Application Hints ;(Continued) 


Delay as a function of C9 is plotted in Figure 10. The sec- 
ond gain stage may be shut OFF independently of pin 8 by 
pulling pin 9 low. 


Due to the high gain of the receiver, care must be taken to 
avoid oscillations. Oscillation problems are reduced by 
keeping the components associated with pins 1 and 4 well 
separated ( Figure 11). The transducer must be connected 
to the circuit with shielded cable. This not only helps avoid 
oscillation, but also reduces electrical noise pick-up. As a 
last resort, receiver gain can be reduced with R3 as in 
Figure 1. 


PULSE DETECTOR 

The pulse detector circuitry ( Figure 12) consists of five 
distinct stages: 1) threshold detector, 2) pulse integrator 
reset, 3) pulse integrator, 4) output driver, 5) power output 
stage. 

The detector (Q1, Q2) switches on all pin 1 signals that ex- 
ceed 1.4 Vp-p. Since noise pulses are also detected, filter- 
ing is done by an integrator stage, C17 and R17, whose 
time constant is typically 10% to 50% of the transmit time. 
Integration starts when Q3 turns OFF, which occurs at the 
same moment Q1 and Q2 detect a signal. Pins 16 and 14 go 
low after the integration delay. 



C9 („F) 


v + 



FIGURE 10. Receiver Delay vs C9 


FIGURE 11. Component Side of Layout Showing 
Isolation of Receiver Input and Output 
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Application Hints (Continued) 


When the voltage at pin 1 becomes too small to activate 
the detector (<1.4 Vp-p), the integrator is reset by Q3 after 
a delay introduced by C18. A delay of 1 to 10 cycles of the 
transmitted frequency is typical. These integration and 
reset delays, as a function of the external component 
values, are shown in Figures 13 and 14. • 

Pin 16 provides a CMOS compatible logic output. For driv- 
ing high-intensity displays, pin 14 will sink up to 1A. When 
driving a transformer such as T14 in Figure 1, it is possible 
for the primary current to integrate up to destructive levels 
under conditions of multiple echo reception. Pin 11 is 
employed to protect the power output (pin 14). C11 in- 
tegrates an internal current source while pin 14 is low. 
When VII reaches a 0.7V threshold, the second gain stage 
is turned OFF. With the receiver OFF, no signal will be ap- 
plied to the detector, and pin 14 will turn OFF. After another 


delay C11 is discharged and the receiver is then again ac- 
tivated. With C11 =680 nF and a continuous echo return, 
the receiver will cycle ON and OFF every 6 ms. This func- 
tion can be defeated by grounding pin 11. 


TYPICAL OPERATION 

Figure 15 shows typical waveforms at pins 1 and 16 for 
200 kHz operation, with pin 9 left open. The pin 1 oscillator 
signal (5 Vp-p) lasts for 200 ^s. The next 900 /is show a ring 
signal so strong that it is clipped by the receiver. The ex- 
ponential nature ,of the decaying ring is seen for the next 
500 fis. An echo return appears at 3.9 ms. Note that the 
detector is held low during the transmit period and for the 
duration of the ring. 



0.1 1 10 100 1000 
C17 (nF) 



1 10 100 1000 
C18 (nF) 



TIME = 500 /iS/DIV 


FIGURE 13. Integration 
Delay vs C17 


FIGURE 14. Integrator 
Reset Delay vs C18 


FIGURE 15. Typical 
Transmit/Receive Waveforms 



X = R283E (Massa Products) 


FIGURE 16. 200 kHz Ultrasonic Ranging System for 4 Inches to 6 Feet in Air 
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Application Hints (Continued) 



. LI = CLN-2A900H M (Toko) 

L6 = 719VXA-A017AO (Toko) 

X = EFR-OAB40K4 (available from Panasonic Company, 1 Panasonic Way, Secaucus, NJ 07094, Tel. (201) 348-5256) 


FIGURE 17. 40 kHz Ultrasonic Ranging System Covering a Range of 3 Feet to 20 Feet 
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Industrial Blocks 


LM1815 Adaptive Sense Amplifier 


General Description 


The LM1815 is an adaptive sense amplifier and default 
gating circuit for motor control applications. The sense 
amplifier provides a one-shot pulse output whose leading 
edge coincides with the negative-going zero crossing 
of a ground referenced input signal such as from a 
variable reluctance magnetic pick-up coil. 

In normal operation, this timing reference signal is 
processed (delayed) externally and returned to the 
LM1815. A logic input is then able to select either the 
timing reference or the processed signal for transmission 
to the output driver stage. 

The adaptive sense amplifier operates with a positive- 
going threshold which is derived by peak detecting the 
incoming signal and dividing this down. Thus the input 
hysteresis varies with input signal amplitude. This 
enables the circuit to sense in situations where the high 
speed noise is greater than the low speed signal ampli- 
tude. Minimum input signal is lOOmVp-p. 


Features 

■ Adaptive hysteresis 

■ Single supply operation 

■ Ground referenced input 

■ True zero crossing timing reference 

/ 

■ Operates from 2V to 12V supply voltage 

■ Handles inputs from 100 mV to over 12UV with 
external resistor 

■ CMOS compatible logic 

Applications 

■ Position sensing with notched wheels 

■ Zero crossing switch 

■ Motor speed control 

■ Tachometer 

■ Engine testing 


Connection Diagram 


Dual-ln-Line Package 


TIMING 

REFERENCE MODE GATED PULSE 

NC PULSE OUT SELECT OUTPUT INPUT 



NC THRESHOLD NC PEAK 

ADJUST DETECTOR 

CAPACITOR 


Order Number LM1815N 
See NS Package N14A 
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Absolute Maximum Ratings 

Supply Voltage 12V 

Power Dissipation (Note 1) 230 mW 

Operating Temperature Range -40°C to +125°C 

Storage Temperature Range -65°C to +150°C 

Junction Temperature (Note 2) 125°C 

Input Current ±30 mA 

Electrical Characteristics (Ta = 25°C, VqC = 10V, unless otherwise specified, see Figure 1) 


PARAMETER 


Operating Supply Voltage 
Supply Current 
Reference Pulse Width 
Input Bias Current 
Input Bias Current 
Input Impedance 

\ 

Zero Crossing Threshold 
Logic Threshold 
VOUT H 'gh 
v OUT Low 

Input Arming Threshold 


Output Leakage Pin 12 
Saturation Voltage PI 2 


CONDITIONS 


f I M = 500 Hz, Pin 9 = 2 V, Pin 1 1 = 0.8V 

f|N = 1 Hz to 2 kHz 

V|N = 2V, (Pin 9 and Pin 11) 

V||\| = 0V dc, (Pin 3) 

V||\j = 5Vrms, (Note 3) 

V|N = lOOmVp-p, (Pin 3) 

(Pin 9 and Pin 11) 

R|_= 1 k£2, (Pin 10) 

•SINK = 0.1 mA, (Pin 10) 

Pin 5 Open, V|N < 135 mVp-p 
Pin 5 Open, V|N > 230 mVp-p 
Pin 5 to V + 

Pin 5 to Gnd 


V 12 = 11V 
1 1 2 = 2 mA 



Yo of V 3 Pk 


Note 1: Derate at 5.7 mW/ C for ambient temperatures above 85 C. This applies when the device is soldered into a printed circuit board, 
operating in still air ambient. 

Note 2: Temporary excursions to 150°C can be tolerated. 

Note 3: Measured at input to external 18 kfi resistor. 1C contains 1 kS7 in series with a diode to attenuate the input signal. 


TIMING 

REFERENCE MODE GATE0 PULSE 

V + PULSE OUT SELECT OUTPUT INPUT 


INPUT 

THRESHOLD 

VOLTAGE 


O.OOI^F — | — | 14 I 13 11 II 7T jlO 


lOOys 

REFERENCE 



FIGURE 2. LM1815 Oscillograms 


FIGURE 1. LM1815 Adaptive Sense Amplifier 
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££]National 
£A Semiconductor 


Industrial Blocks 


LM1830 Fluid Detector 


General Description 

The LM1830 is a monolithic bipolar integrated circuit 
designed for use in fluid detection systems. The circuit is 
ideal for detecting the presence, absence, or level of 
water, or other polar liquids. An ac signal is passed 
through two probes within the fluid. A detector deter- 
mines the presence or absence of the fluid by comparing 
the resistance of the fluid between the probes with the 
resistance internal to the integrated circuit. An ac signal 
is used to overcome plating problems incurred by using a 
dc source. A pin is available for connecting an external 
resistance in cases where the fluid impedance is of a 
different magnitude than that of the internal resistor. 
When the probe resistance increases above the preset 
value,' the oscillator signal is coupled to the base of the 
open-collector output transistor. In a typical application, 
the output could be used to drive a LED, loud speaker 
or a low current relay. 


Features 

■ Low external, parts count 

■ Wide supply operating range 

■ One side of probe input can be grounded 

■ ac coupling to probe to prevent plating 

■ Internally regulated supply 

■ ac or dc output 

Applications 

■ Beverage dispensers ■ Radiators 

■ Water softeners ■ Washing machines 

■ Irrigation ■ Reservoirs 

■ Sump pumps ■ Boilers 

■ Aquaria 


Logic and Connection Diagrams 

Metal Can Package 


osc 

CAP 



GND 

TOP VIEW 


Order Number LM1830H 
See NS Package H IOC 

Dual-ln-Line Package 

OSCILLATOR 

OUTPUT DETECTOR FILTER 

V CC (RflEF) OUTPUT GND INPUT CAP NC 



OSCILLATOR NC NC NC OSCILLATOR NC OSCILLATOR 

CAPACITOR OUTPUT CAPACITOR 

TOP VIEW 


Order Number LM1830N 
See NS Package N14A 
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Absolute Maximum Ratings 


Supply Voltage 

Power Dissipation (Note 1) 

Output Sink Current 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 


28V 
300 mW 
20 mA 
-40° C to +85° C 
-40° C to +150°C 
300°C 


Electrical Characteristics (V + = 16V, Ta = 25°C unless otherwise specified) 


PARAMETER 


Supply Current 

Oscillator Output Voltage 
Low 
High 

Internal Reference Resistor 
Detector Threshold Voltage 
Detector Threshold Resistance 
Output Saturation Voltage 
Output Leakage 
Oscillator Frequency 


CONDITIONS 


MAX 

UNITS 

10 

mA 
















LM1830 


Typical Performance Characteristics 


Normalized Oscillator Frequency 
vs Supply Voltage 



Threshold Resistance vs Supply 
Voltage 



0 5 10 15 20 25 30 

SUPPLY VOLTAGE (V) 


Power Supply Current vs 
Supply Voltage 



0 5 10 15 20 25 30 

SUPPLY VOLTAGE (V) 


Reference Resistor vs Ambient 
Temperature 


Detector Threshold Voltage 
vs Temperature 


Probe Threshold Resistance 
vs Temperature 



AMBIENT TEMPERATURE C'C) 


AMBIENT TEMPERATURE ( C) 


AMBIENT TEMPERATURE (°C) 


Oscillator Vqh and v OL 
vs Ambient Temperature 






V CC = 16V 


, - 

M 








— V 





































HZ 






~v 0L — 






| 




-40 -20 0 20 40 60 80 100 


Output Saturation Voltage vs 
Output Current 



° 0.1 1 10 100 


Oscillator Frequency vs 
Ambient Temperature 



-40 -20 0 20 40 60 80 100 


TEMPERATURE ( C) 


OUTPUT CURRENT (PIN 12) (mA) 


AMBIENT TEMPERATURE ( C) 


Equivalent Resistance vs 
Concentration of Several 
Solutions 



0.001 0.01 0.1 1 

CONCENTRATION (GRAM MOLECULAR 
EQUIVALENTS/LITRE) 
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Application Hints 

The LM1830 requires only an external capacitor to com- 
plete the oscillator circuit. The frequency of oscillation 
is inversely proportional to the external capacitor value. 
Using 0.00 1/iF capacitor, the output frequency is 
approximately 6 kHz. The output from the oscillator is 
available at pin 5. In normal applications, the output is 
taken from pin 13 so that the internal 13k resistor can 
be used to compare with the probe resistance. Pin 13 is 
coupled to the probe by a blocking capacitor so that 
there is no net dc on the probe. 

Since the output amplitude from the oscillator is 
approximately 4 Vbe» the detector (which is an emitter 
base junction) will be turned "ON" when the probe 
resistance to ground is equal to the internal 13 kS2 
resistor. An internal diode across the detector emitter 
base junction provides symmetrical limiting of the 
detector input signal so that the probe is excited with 
±2 Vbe from a 13 k£2 source. In cases where the 13 kf2 
resisioi is nul compatible with the probe resi?t?"ro 
range, an external resistor may be added by coupling the 
probe to pin 5 through the external resistor as shown in 
Figure 2. The collector of the detecting transistor is 
brought out to pin 9 enabling a filter capacitor to be 
connected so that the output will switch "ON" or 
"OFF" depending on the probe resistance. If this 
capacitor is omitted, the output will be switched at 
approximately 50% duty cycle when the probe resis- 
tance exceeds the reference resistance This can be useful 
when an audio output is required and the output 
transistor can be used to directly drive a loud speaker. 
In addition, LED indicators do not require dc excita- 
tion. Therefore, the cost of a capacitor for filtering can 
be saved. 

In the case of inductive loads or incandescent lamp 
loads, it is recommended that a filter capacitor be 
employed. 

In a typical application where the device is employed 
for sensing low water level in a tank, a simple steel 
probe may be inserted in the top of the tank with the 
tank grounded. Then when the water level drops below 
the tip of the probe, the resistance will rise between the 
probe and the tank and the alarm will be operated. This 
is illustrated in Figure 3. In situations where a non- 
conductive container is used, the probe may be designed 
in a number of ways. In some cases a simple phono plug 
can be employed. Other probe designs include conduc- 
tive parallel strips on printed circuit boards. 


It is possible to calculate the resistance of any aqueous 
solution of an electrolyte for different concentrations, 
provided the dimensions of the electrodes and their 
spacing is known. 

The resistance of a simple parallel plate probe is given 
by: 

1000 d a 

c.p A 

where A = area of plates (cm^) 

d = separation of plates (cm) 
c = concentration (gm. mol. equivalent/litre) 
p = equivalent conductance 
(£2 - ^ cm^ equiv. 1 ) 

(An equivalent is the number of moles of a substance that 
gives one mole of positive charge and one mole of nega- 
tive charge. For example, one mole Mad gives Na + + 
Cl - so the equivalent is 1. One mole of CaCl2 gives 
Ca ++ + 2CI so the equivalent is 1/2.) 

Usually the probe dimensions are not measured 
physically, but the ratio d/A is determined by measuring 
the resistance of a cell of known concentration c and 
equivalent conductance of 1. A graph of common 
solutions and their equivalent conductances is shown 
for reference. The data was derived from D.A. Maclnnes, 
"The Principles of Electrochemistry," Reinhold 
Publishing Corp., New York., 1939. 

In automotive and other applications where the power 
source is known to contain significant transient voltages, 
the internal regulator on the LM1830 allows protection 
to be provided by the simple means of using a series 
resistor in the power supply line as illustrated in Figure 4. 
If the output load is required to be returned directly 
to the power supply because of the high current required, 
it will be necessary to provide protection for the output 
transistor if the voltages are expected to exceed the data 
sheet limits. 

Although the LM1830 is designed primarily for use in 
sensing conductive fluids, it can be used with any varia- 
ble resistance device, such as light dependent resistor or 
thermistor or resistive position transducer. 

The following table lists some common fluids which may 
and may not be detected by resistive probe techniques. 


Conductive Fluids 

Non-Conductive Fluids 

City water 

Sea water 

Copper sulphate solution 
Weak acid 

Weak base 

Household ammonia 

Water and glycol mixture 

Wet soil 

Coffee 

Pure water 

Gasoline 

Oil 

Brake fluid 

Alcohol 

Ethylene glycol 

Paraffin 

Dry soil 

Whiskey 
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Application Hints (Continued) 


V CC = 16V 



v cc 



FIGURE 2. Application Using External Reference Resistor 


FIGURE 1. Test Circuit 


v cc 



FIGURE 3. Basic Low Level Warning Device 
with LED Indication 


Vcc 



Output is activated when R p > 1/3 Rref 
FIGURE 4. Direct Coupled Applications 
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Typical Applications 


v cc 



Low Level Warning with Audio Output 



RELAY OR 
S0LEN0I0 


The output is suitable for driving a sump pump 
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National 

Semiconductor 


Industrial Blocks 


LM1851 Ground Fault Interrupter 


General Description 

The LM1851 is designed to provide ground fault protec- 
tion for AC power outlets in consumer and industrial 
environments. Ground fault currents greater than a pre- 
settable threshold value will trigger an external SCR- 
driven circuit breaker to interrupt the AC line and remove 
the fault condition. In addition to detection of conven- 
tional hot wire to ground faults, the neutral fault condi- 
tion is also detected. 

Full advantage of the U.S. UL943 timing specification is 
taken to insure maximum immunity to false triggering 
due to line noise. Special features include circuitry that 
rapidly resets the timing capacitor in the event that noise 
pulses introduce unwanted charging currents and a 
memory circuit that allows firing of even a sluggish 
breaker on either half-cycle of the line voltage when 
external full-wave rectification is used. 


Features 

■ Internal power supply shunt regulator 

■ Externally programmable fault current threshold 

■ Externally programmable fault current integration time 

■ Direct interface to SCR 

■ Complies with U.S. UL943, yet adaptable to other 
standards 

■ Operates under line reversal; both load vs line and hot 
vs neutral 

■ Detects neutral line faults 


Block and Connection Diagram 


V CC 


TIMING SENSITIVITY SENSE AMPLIFIER 

CAPACITOR SET RESISTOR OUTPUT 



SCR INVERTING NON-INVERTING GND 


TRIGGER INPUT INPUT 


TOP VIEW 


Order Number LM1851N 
See NS Package NOSB 
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Absolute Maximum Ratings 

Supply Current 19 mA 

Power Dissipation (Note 1) 570 mW 

Operating Temperature Range - 40°C to + 70°C 

Storage Temperature Range - 55°C to + 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics t a =25°c, i ss =5 mA 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Power Supply Shunt 

Regulator Voltage 

Pin 8, Average Value 

22 

26 

30 

V 

Latch Trigger Voltage 

Pin 7 

15 

17.5 

20 

V 

Sensitivity Set Voltage 

Pin 8 to Pin 6 

6 

7 

8.2 

V 

Output Drive Current 

Pin 1, With Fault 

0.5 

1 

2.4 

mA 

Output Saturation Voltage 

Pin 1, Without Fault 


100 

240 

mV 

Output Saturation Resistance 

Pin 1, Without Fault 


100 


(2 

UUlpUl UAlGlTiai VyuiTGril. 

Pin 1 Without F?.»jit 

2.0 

5 


mA 

Sinking Capability 

V pin 1 Held to 0.3V, Note 4 





Noise Integration 

Pin 7, Ratio of Discharge 

2.0 

2.8 

3.6 

fiAI/xA 

Sink Current Ratio 

Currents Between No Fault 
and Fault Conditions 






AC Electrical Characteristics t a = 25 »c, i ss =5mA 

Parameter Conditions 

Figure 1, Note 3 


Normal Fault Current 
Sensitivity 

Grounded Neutral Fault 
Resistance Sensitivity 

Normal Fault Trip Time 

Normal Fault with 
Grounded Neutral Fault 
Trip Time 


Figure 2 

500(2 Fault, Figure 3, Note 2 

500(2 Normal Fault, 

2(2 Neutral, Figure 3 
Note 2 



Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 125°C maximum junction temperature and a thermal 
resistance of 175°C/W junction to ambient. 

Note 2: Average of 10 trials. 

Note 3: Required UL sensitivity tolerance is such that external trimming of LM1851 sensitivity will be necessary. 

Note 4: This externally applied current is in addition to the internal “output drive current” source. 



(TRIGGER 

LMJ851 

JJOPAMP R I 

I output ” SET r 


FIGURE 1. Normal Fault Sensitivity Test Circuit 


FIGURE 2. Grounded Neutral Fault 
Sensitivity Test Circuit 


LM1851 







LM1851 
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Typical Performance Characteristics 


Average Trip Time vs 



0.01 0.1 1.0 10 


TRIP TIME (SECONDS) 


Output Drive Current vs 
Output Voltage 



OUTPUT VOLTAGE @Vp )N1 (V) 


Normal Fault Current 



100k 1M 10M 


Rset 

* See uiock Diagram 


Pin 1 Saturation Voltage vs 
External Load Current, l L 



Circuit Description 

(Refer to Block and Connection Diagram) 


The LM1851 operates from 26V as set by an internal shunt 
regulator, D3. In the absence of a fault (l f = 0) the feed- 
back path status signal (V s ) is correspondingly zero. 
Under these conditions the capacitor discharge current, 
li, sits quiescently at three times its threshold value, l TH , 
so that noise induced charge on the timing capacitor will 
be rapidly removed. When a fault current, l f , is induced in 
the secondary of the external sense transformer, the 
operational amplifier, A1 , uses feedback to force a virtual 
ground at the input as it extracts l f . The presence of l f 


during either half-cycle will cause V s to go high, which in 
turn changes l-| from 3I TH to l TH . Although l TH discharges 
the timing capacitor during both half-cycles of the line, l f 
only charges the capacitor during the half-cycle in which 
If exits pin 2. Thus during one half-cycle l f -l TH charges 
the timing capacitor, while during the other half-cycle l TH 
discharges it. When the capacitor voltage reaches 17.5V, 
the latch engages and turns off Q3 permitting l 2 to drive 
the gate of an SCR. 



9-97 


LM1851 



LM185 


Application Circuits 


Typical ground fault interrupter circuits are shown in 
Figures 3 and 4. They were both designed to operate on 
120V AC line voltage with 5 mA normal fault sensitivity, 
and differ only in the technique used for grounded 
neutral detection. The “dormant oscillator” approach of 
Figure 3 will be used as a design example. 

A full-wave rectifier bridge and a 15k/2W resistor are used 
to supply the DC power required by the 1C. A 1 nF 
capacitor at pin 8 is used to filter the ripple of the supply 
voltage and supply peak currents. The rectified line 
voltage is also connected across the SCR cathode and 
anode to allow firing of the SCR on either half-cycle. 
When a fault causes the SCR to trigger, the anode is 
taken to ground potential and a large current can flow 
through the breaker coil to pull the contacts open. Once 
opened, the fault condition is removed and the discharge 
current 3I TH (see Circuit Description and Block Diagram) 
resets both the timing capacitor and the output latch 
causing the SCR to turn off. A 1000:1 sense transformer 
is used to detect the normal fault. The fault current, 
which is basically the difference current between the hot 
and neutral lines, is stepped down by 1000 and fed into 
the input pins of the operational amplifier through a 10^F 
capacitor. The 0.0033 n F capacitor between pin 2 and pin 
3 and the 200 pF between pins 3 and 4 are added to obtain 
better noise immunity. The normal fault sensitivity is 
determined by the timing capacitor discharging current, 
l TH . I TH can be calculated by: 


At the decision point, the average fault current just 
equals the threshold current, l TH . 


where lf( rmS ) is the rms input fault current to the opera- 
tional amp and the factor of 2 is due to the fact that l f 
charges the timing capacitor only during one half-cycle, 
while l TH discharges the capacitor continuously. The fac- 
tor 0.91 converts the rms value to an average value. Com- 
bining equations (1) and (2) we have 


Independent of setting sensitivity, the desired integra- 
tion time can be obtained through proper selection of the 
timing capacitor, C t . Due to the large number of variables 
involved, proper selection of C t is best done empirically. 
The following design example, then, should only be used 
as a guideline. 

Assume the goal is to meet UL943 timing requirements. 
Also assume that worst case timing occurs during GFI 
start-up (SI closure) with both a heavy normal fault and a 
2U grounded neutral fault present. This situation is 
shown diagramatically below. 



r n < r b 

0.4 < 500 


UL943 specifies <25 ms average trip time under these 
conditions. Calculation of C t based upon charging cur- 
rents due to normal fault only is as follows: ' 

<25 ms Specification 
- 3 ms GFI turn-on time (15k and 1 /xF) 

-8 ms Potential loss of one half-cycle due to fault 
current sense on half-cycles only 
-4 ms Time required to open a sluggish circuit breaker 
<10 ms Maximum integration time that could be 
allowed 

8 ms Value of integration time that accommodates 
component tolerances and other variables 


where T = 
V = 


integration time 
threshold voltage 


For example, to obtain 5 mA(rms) sensitivity for the cir- 
cuit in Figure 3 we have: 

R ZV -is MO (4) 

/5 mA x Q.9t \ 

V 1000 / 

The correct value for R SET can also be determined from 
the characteristic curve that plots equation (3). Note that 
this is an approximate calculation, the exact value of 
R SET depends on the specific sense transformer used 
and LM1851 tolerances. Inasmuch as UL943 specifies a 
sensitivity “window” of 4 mA-6 mA, provision should be 
made to adjust R SET on a per-product basis. 


I = average fault current into C t 


120 VAC (rms) 


heavy fault 
current generated 
(swamps l TH ) 


current 
division of 
input sense 
transformer 


C t charging 
on half- 
cycles only 


portion of 
fault current 
shunted 
around GFI 


(0.91) (6) 


rms to 
average 
conversion 
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Application Circuits (Continued) 

therefore: 


(7) 


C t = 


(M x LmJ\ x (-L-) x (±\x (0.91) 
\500/ Vl.6 + 0.4/ \1000/ \2 / 


x 0.008 


17.5 


C t = 0.01 pF 


In practice, the actual value of C t will have to be modified 
to include the effects of the neutral loop oscillation upon 
the net charging current. The effect of neutral loop in* 
duced currents is difficult to quantize, but typically they 
sum with normal fault currents, thus allowing a larger 
value. of C t . For UL943 requirements, 0.015 piF has been 
found to be the best compromise between timing and 
noise. 


For those GFI standards not requiring grounded neutral 
detection, a still larger value of capacitor can be used 
and better noise immunity obtained. The larger capacitor 
can be accommodated because R N and R G are not pres- 
ent, allowing the full fault current, I, to enter the GFI. 

The sense amplifier is capacitively coupled to a 200-turn 
coil in order to detect the grounded neutral fault. Choice 
of proper coil polarities causes a positive feedback loop 
to close in the presence of a low resistance grounded 
neutral fault and results in oscillation of the input 
amplif ier. The timing capacitor receives charging current 
due to rectification of the oscillatory feedback currents 
caused by Q1 (see Block Diagram) only conducting on 
one half-cycle of the line. Eventually the capacitor 
voltage reaches threshold and the SCR is triggered. 

In Figure 4, grounded neutral detection is accomplished 
by feeding the neutral coil with 120 Hz energy contin- 
uously and allowing some of this energy to couple into 
the sense transformer during conditions of neutral fault. 


Typical Applications 


GND/NEUTRAL SENSE 

COIL COIL 



FIGURE 3. Dormant Oscillator Approach 
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Typical Applications (Continued) 


GND/NEUTRAL SENSE 

COIL COIL 



Definition of Terms 

Normal Fault: An unintentional electrical path, R B , be- Normal Fault plus Grounded Neutral Fault: The com- 

tween the load terminal of the hot line and the ground, as bination of the norma! fault and the grounded neutral 

shown by the dashed lines. fault, as shown by the dashed lines. 



Grounded Neutral Fault: An unintentional electrical 
path between the load terminal of the neutral line and the 
ground, as shown by the dashed lines. 
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National 

Semiconductor 


Industrial Blocks 


LM1871 RC Encoder/Transmitter 


General Description 

The LM1871 is a complete six-channel digital proportional 
encoder and RF transmitter intended for use as a low 
power, non-voice, unlicensed communication device at 
carrier frequencies of 27 MHz or 49 MHz with a field 
strpnnth of 10.000 uV/meter at 3 meters. In addition to radio 
controlled hobby, toy and industrial applications, the 
encoder section can provide a serial input of six words for 
hard wired, infra-red or fiber optic communication links. 
Channel add logic is provided to control the number of 
encoded channels from three to six, allowing increased 
design flexibility. When used with the LM1872 RC 
receiver/decoder, a low cost RF linked encoder and 
decoder system provides two analog and two ON/OFF 
decoded channels. 


Features 

■ Low current 9V battery operation 

■ On-chip RF oscillator/transmitter 

■ One timing capacitor for six proportional channels 

■ Programmable number of channels 

■ Regulated RF output power 

■ External modulator bandwidth control 

■ On-chip 4.6V regulator 

■ Up to 80 MHz carrier frequency operation 


Block and Connection Diagram 


Dual-In-Line Package 

MOD MOD RF 

CH4 CH5 CH6 R m V CC OUT FILTER OUT BIAS 



CH3 CH2 CHI 4.6V A B J GND 

ocn s y |" * 


CHANNEL 
ADD LOGIC 

TOP VIEW 


Order Number LM1871N 
See NS Package N18A 
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Absolute Maximum Ratings 

Supply Voltage +16V 

DC Current Out of Pin 4 10 mA 

DC Current Out of Pin 13 25 mA 

Package Dissipation (Note 1) 1.0W 

Pin 4 Externally Forced 6V 

Operating Temperature Range -25°Cto+85°C 

Storage Temperature Range -65°Cto +150°C 

Lead Temperature (Soldering, 10 seconds) 300 °C 

Electrical Characteristics T A = 25°C, V cc = + 9V, see Test Circuit and Waveforms 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Encoder Section, Close SI, S2, S4 Open S3 

V14 

Supply Voltage 


4.5 

9 

15 

V 

*14 

Supply Current 

Encoder Only 

10 

14 

22 

mA 

V4 

Reference Voltage 


4.1 

4.6 

5.1 

V 

tf 

Frame Time 

tf= R f C f + 0.63R MO dC t 

8 

9.5 

10.5 

ms 


Mod Time 

t m = 0.63R MO DCT 

0.4 

0.5 

0.6 

ms 

*ch 

Channel Time 

t C h = 0 - 63R CH C T 

0.4 

0.5 

0.6 

ms 


Sync Time, T x Channels 1-6 

Close SI, Close S2 


3.5 


ms 

*s 

Sync Time, T x Channels 1-5 

Open SI, Close S2 


4.5 


ms 

ts 

Sync Time, T x Channels 1-4 

Close SI, Open S2 


5.5 


ms 

ts 

Sync Time, T x Channels 1-3 

Open SI, Open S2 


6.5 


ms 

At n 

Supply Rejection, t m +t CH 

AV CC 6V to 12V 


0.1 


%/V 

AVI 3 

Encoder Output Swing 



3.8 


Q. 

Cl 

> 

AVI 2 

Mod Filter Output Swing 



3.8 


Vp.p 

*12 

Mod Filter Source/Sink Current 



0.5 


± mA 

R IN(8) 

Pulse Timer Input Resistance 



27 


Mfi 

! TH(7) 

Frame Timer Threshold Current 



0.1 



•lEAK(15) 

Mod Timer Leakage Current 

Pin 15 to 0V 


0.01 

i 

tiA 

V SAT(15) 

Mod Timer Saturation Voltage 

l 15 = 2 mA, (V4-V15) 


120 

240 

mV 

*LEAK(CH) 

Channel Timer Leakage Current 

Pins 1, 2, 3, 16, 17, 18 to 4.6V 


0.06 

1 

mA 

V SAT(CH) 

Channel Timer Saturation Voltage 

l CH = 2 mA 


120 

240 

mV 

RF Oscillator Section, Collector Pin 11, Base Pin 10, Emitter Pin 9 Open S4 

VqUT 

RF Output Level 

Use RF Voltmeter Close S3 


400 


mV RMS 

1 14 

Supply Current 

Open S3, S4 


30 


mA 

f. 

Transistor 

V CE = + 5V, l c = 10 mA 


520 


MHz 

V SAT(11) 

Transistor Saturation Voltage 

f 0 = 49 MHz 


800 


mV 

Hfe . 

Transistor DC Beta 

l c = 10 mA' 

75 

150 

300 


lv ceo 


l c =10^A 

16 

20 


V 

Note 1: For operation in ambient temperatures above 25 °C, the device must be derated based on a 150°C maximum junction temperature and a 

package thermal resistance of 120°C/W junction to ambient. 
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LM1871 


Typical Performance Characteristics (Continued) 


RF Output Voltage Level 



3 57 9 11 13 15 17 


V14- SUPPLY VOLTAGE (V) 


RF Transistor 
Input Admittance 
vs Collector Current 



RF Transistor 
Output Admittance 



1 5 10 20 50 100 

l c - COLLECTOR CURRENT PIN 11 (mA) 


Applications Information 

The LM1871 has been designed to encode and transmit 27 
MHzor49 MHzcarriers for remote radio control (RC)ofupto 
six independent analog functions. The encoder section 
converts a variable potentiometer setting to a variable 
pulse width. The variable pulse widths, each preceded by a 
fixed modulation pulse, are added together sequentially 
and then followed by a synchronization pulse. Figure 1 
shows the digital proportional control format and how the 
channel pulse widths, sync time and frame time are 
defined. 


width range. Usually the pulse width for arm at center will 
be 1.5 ms; for full left, 1.0 ms; and for full right, 2.0 ms, at a rep 
rate of 20 ms. A motor speed control open loop servo can be 
designed for the same input pulse widths: 1.0 ms for max- 
imum forward speed, 1.5 ms with some dead band for motor 
OFF and 2.0 ms for maximum reverse speed. In both servo 
systems the input pulse width being continuously variable 
allows full control of arm position, motor speed and direc- 
tion. The ON/OFF function could also use the same input 
pulse width range (1 ms ON, 2 ms OFF). 


_ FRAME t F _ 


sync (Ai ITIFITTFIFIFIJ sync LRJTl 

h~ vH 


— H t—'CH f— 

X30QCHXX 


"-TTL 


iJL 



FIGURE 1. (A) Encoder Output (Pin 13) 

(B) Transmitted RF Carrier Envelope 

(C) Typical Receiver Channel 1 Output 

(D) Typical Receiver Channel 2 Output 

Figure 1 (A) shows the encoder output waveform. The 
modulation time (tj is fixed while the channel time (t ch ) is 
the variable pulse width. In Figure 1 (C, D) the recovered 
channel pulse (t n ) is the sum of t^ and t ch at a rep rate set by 
the frame ti me (t f ). Because the frame time is fixed, the sync 
time (to) will vary inversely to the variable channel times. 

After detection by the RC receiver, thechannel pulse widths 
must now be converted back to the required analog func- 
tions, which might be a mechanical arm movement, motor 
speed control or simply an ON/OFF transistor switch. In the 
case of the mechanical arm movement, commercially 
available closed loop servo modules can be found in most 
hobby shops. The input requirements of these servos will 
determine the transmitted frame time and channel pulse 


The 1.0 ms to 2.0 ms pulse width range required by most 
servo modules is a result of transmitted RF spectrum 
limitations required by the FCC. If the modulation time (tj 
and the channel time were made very short {^lO^s each) 
many sidebands 5 kHz apart would be generated on each 
side of the center frequency. The amplitude and number of 
sidebands are determined by the depth and duration of the 
modulation pulse. FCC regulations require that all 
sidebands greater than 10 kHz from center frequency be 
less than 500/A//meter at three meters. In the example cited 
above, the 100% modulated carrier spectrum would not be 
acceptable if the field strength of the carrier was 10,000 
piV/meter at three meters. If the modulation and channel 
times were made much longer (=10 ms each) the trans- 
mitted spectrum would be acceptable but now the frame 
time would be longer than desirable for optimum servo 
designs. When the received channel pulse widths are be- 
tween 1.0 ms and 2.0 ms at a frame rateof 20 ms the modula- 
tion time should be between 400 pts and 600 ^s to insure an 
acceptable transmitted RF spectrum. 

Figure 2 shows the block diagram and a typical application 
of the LM1871 utilizing two fully proportional (analog) chan- 
nels and two uniquely encoded ON/OFF (digital) channels. 
The LM1872 Receiver/Decoder, a companion 1C to the 
LM1871, has been designed to receive and decode two 
analog channels and two digital channels. The two digital 
channel output states are determined by the number of 
transmitted channels rather than by the width of a channel 
pulse. Table I shows the digital output format as a function 
of the number of transmitted channels. 
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Applications Information (Continued) 


C13A 
1500 pF 



FIGURE 2. Two Channel Analog/Two Channel Digital Transmitter/Receiver Application 
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Applications Information (Continued) 

LM1871 ENCODER TIMING 

F/gure3showsthetwotimingcircuitsandwaveformsused 
by the LM1871. The frame timer oscillatorconsists of a high 
gain comparator and a saturating NPN transistor switch. 
When the NPN transistor is turned OFF the timing 
capacitor (C F ) wjll charge up to 2/3 of the V REG voltage. The 
comparator will then turn ON the NPN transistor, discharg- 
ing the capacitor back to ground ending the timing cycle. 
The pulse timing circuit is similar in operation except that 
the timing capacitor (C T ) is charged and discharged be- 
tween 1/3 and 2/3 of the V REG voltage. The saturating PNP 
transistor switch pulls up the modulation timing resistor 
(R m ) which charges C T to 2/3 V REG and six independently 
switched NPN transistors provide the discharge path 
through the channel timing resistors (R CH ). The time con- 
stant for both circuits can be found as follows: 

-t VI 

RC V2 

when VI = Voltage across timing resistor at end of 
timing cycle. 

V2 = Voltage across timing resistor at beginning of 
timing cycle. 


In the frame timer circuit the NPN transistor is held on fora 
period determined by the modulation pulse (t m ). This was 
done to insure that the timing capacitor was fully dis- 
charged. The frame (t f ), modulation (t m ) and channel time 
(t ch ) can be calculated as follows: 

1.534 

t f = -in (R f C f ) + t m = 1.1 RpCp-f t m 

4.6V 

1.534 

t m °rt ch = -in (RMorR CH )C T 

3 ' 06V =0.69(R M orR C H)C T 

The above calculated time constants will be modified by 
transistor saturation resistances and comparator switch- 
ing voltages that are slightly different than the 1/3 and 2/3 
V REG reference. One time constant should be used for the 
frame time(t f ) and 0.63 time constant should be used for the 
modulation (t m ) and channel (t ch ) times. Because the 
switching voltages area percentageof the V REG voltage the 
timer accuracy will not be affected by a low battery condi- 
tion (V CC <5.6V). High and low temperature (-25°C to 
+ 85 °C) operation also has little effect on timer accuracy. 



3.06V 

(A) 

PIN 7 

0V 

3.06V 

(B) 

PIN 8 

1.53 V 
3.9V 

(0 
PIN 13 

0.1V- 



AAAAAATV 


SYNC 


Av 

in 


(A) Voltage on Cp 

(B) Voltage on Cj 

(C) Encoder pulse train output FIGURE 3. Simplified Encoder Timing Circuits and Waveforms 
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Applications Information (Continued) 

The accuracy and temperature characteristics of the exter- 
nal components will determine the total accuracy of the 
system. The capacitors should be NPO ceramics or other 
low-drift types. 

As an example the following procedure can be used to 
determine the external timing components required for 
Figure 2. 

Given: Frame time (t f ) = 20 ms 

Modulation time (tj = 500 ^s 

Recovered pulse width (tj range = 1.0 ms to 2.0 

ms with trim capability 

Non variable channel pulse width (tp) = 1.0 ms 

1. Frame Timer Components 

Choose C F = 0.1 /iF ± 10% 

t f -t m 20 ms -0.50 ms 

R F = = = 195 kO (200 kfi) 

C T 0.1 m F 

2. Modulation Time Components 
Choose C T = 0.01 /*F± 10% 

t m 500 x 10 ~ 6 

R m = = = 79.36 kfi (82 kfl) 

0.63C T (0.63)(1 x 10 -8 ) 

3. Non-Variable Channel (3 through 6) Component 
t ch = *n ~ t m = 1 -0 ms - 0.50 ms = 500 ps 

t ch 500 x IQ" 6 

R ch = = = 79.36 kfl (82k) 

0.63C t (0.63)(1 x 10" 8 ) 

4. Variable Channel 1 (tl) and Channel 2 (t2) Components 

When the R P wiper arm varies across the full poten- 
tiometer range, (AR = 00 to R P value) R s is found for 00 
and minimum t n pulse width. 

t n -t m 1ms -0.50 ms 

R s - = = 79.36 kO (82k) 

0.63C T (0.63)(1 x 10 ~ 8 ) 

R^AR) is found for maximum t n pulse width. 

t n -t m 2 ms -0.50 ms 

R P = - R s = 82 kO = 1 56 kO 

0.63C T (0.63)(1 x 10 ~ 8 ) 


The R P value could have been chosen first and a C T 
calculated. Usually the270°to320°angleof potentiometer 
rotation is inconvenient especially if it is desired to spring 
return the control to center, or if lever type knobs are re- 
quired. A 500 kO potentiometer that has 300 0 of end to end 
wiper arm rotation could be used if mechanical stops limit 
this range. 

v (300 °)(156 kO) 

. Required angle of rotation = = 93.6 ° 

500 kfl 

In most applications the resistor and capacitor tolerances 
prevent sufficient system accuracy without mechanical or 
electrical trimming of the analog channel pulse widths. If a 
500k potentiometer is used, two trim methods can be uti- 
lized. R s can also be included as part of the potentiometer 
resistance. 


Rotate Potentiometer Body Adjust R s Potentiometer 

for Mechanical Trim tor tieciricai Trim 

MECHANICAL 



AR R s AR 50k 100k 

II I I RS 


AR = 156 kfi, R s = 82 kfi 

If t n = 1 .5 ms ± 30% is required: 

AR 

— ^trim = 0-3 + R s = 48 kU 

2 

(300 °)(48k) 

Required Body Rotation = = ±28.8° 

500k 

Channel Add Logic 

Table I shows the number of transmitted channels as a 
function of pin 5 and pin6conditions.Thethreshold voltage 
for both pins is =0.7V. When grounded, the pins are sourc- 
ing =300 nA from the internal pull up resistors. External 
voltages may be applied to these pins but should be below 
the V REG voltage by at least one volt and not less than the 
pin 9 ground. 


TABLE I. DIGITAL CHANNEL OUTPUT FORMAT AS A FUNCTION OF TRANSMITTED CHANNELS 


LM1871 Channel Add Logic 

Pin Conditions 

Number of Channels 
Transmitted 

LM1872 Receiver 

Digital Outputs 

Pin 5 (A) 

Pin 6(B) 

A 

B 

OPEN 

OPEN 

3 



GND 

OPEN 

4 



OPEN 

GND 

5 



GND 

GND 

6 
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Applications information (Continued) 


Modulator and Crystal Oscillator/Transmitter 
Circuit ( Figure 4) 

The modulator and oscillator consist of but two NPN tran- 
sistors whose operation is quite straightforward.The base 
of the modulator transistor is driven by a bidirectional cur- 
rent source with the voltage range for the high condition 
limited by a saturating PNP collector to the pin 4 V REG 
voltage and low condition limited by a saturating NPN col- 
lector in series With a diode to ground. A current source of 
±500 ptA was chosen to provide a means for external 
modulator bandwidth control. When a capacitor is used at 
this node the transmitted RF carrier is made to slew ON and 
OFF at a time determined by: 

Modulation slew time (t ms ) 

(AV12)(Cm) (3.8V)(0.01 m F) 

= = = 76 /us 

1 12 500 pA 

when AV12 = peak to peak voltage swing of pin 12 = 3.8V 

± l 12 = source/sink current from pin 12 = 500 ^ A 

C M = capacitance at pin 12 = 0.01 (a F 

Figure 5 shows the advantage gained by this capacitor 
especially if adjacent channels are 10 kHz to 15 kHz away 
from the desired channel. 

The crystal oscillator/transmitter transistor is configured 
to oscillate in a class C mode with the conduction angle 
being approximately 140° to 160°. Resistor R10 provides 
the base bias current from the pin 4 V REG voltage. This 
resistor value has been optimized for most RC applica- 
tions. When theemitter of the modulation transistor is high 
(=3.8V) the collector and tank coil are pulled up into the 
active range of the oscillator transistor. RF feedback to the 
base is via the series mode crystal which determines the 


oscillator frequency. Because third overtone crystals are 
used for 27 MHz or 49 MHz applications a tuned collector 
load must be used to guarantee operation at the correct fre- 
quency. Tuning the LC tank, while having little effect on 
oscillator frequency, will control the conduction angle and 
oscillator efficiency. Tuning the LC tank for minimum V cc 
supply current while observing the carrier envelope on an 
oscilloscope would be the best alignment method. 

For most RC applications the carrier ON to OFF ratio must 
be as high as possible to ensure precise pulse width detec- 
tion at the receiver. If we were to look at the base of the 
oscillator transistor we would see that the crystal is still 
oscillating during the time that the carrier is OFF (tj. This 
is because of the high Q characteristic (10k to 30k) of 
crystals in this application. We can roughly calculate the 
number of cycles required for a decay or rise in amplitude 
for one time constant (63% of final value) by: 

Q 

Number of cycles = 

0.63n 

At 49 MHz this will be 15k cycles or 300 pis for a crystal Q of 
30k.At27MHzthistimewillbe560jLiSforthesamecrystalQ. 
If long carrier OFF times were required the oscillator start 
up time would as a result also bequitelong.Theshortercar- 
rier OFF times overcome onb problem but do suggest that 
the crystal be isolated from the antenna circuit. During the 
carrier OFF time the base of the modulator transistor is 
held approximately 0.9V above ground such that the emit- 
ter still supplies current to the now saturated collector of 
the oscillator transistor. Both ends of the LC tank circuit 
now “see” a low impedance to ground. Further isolation is 
provided by the split tuning capacitor. 


v cc 



Component 

27 MHz 

49 MHz 

T P 

2 Turns 

6 Turns 

T S 

3 Turns 

1 Turn > 

LI 

TOKO KXN K4636 BJF 

TOKO KEN K4635 BJE 

k 

MILLER #4611 

MILLER #9330-10 

c A 

5.4 pF 

6.2 pF 

Ra 

1.1 5Q 

3.780 

Cl 

1000 pF 

220 pF 

C2 

680 pF 

47 pF 

C3 

20 pF 

33 pF 

R10 

24k 

47k 


27 MHz OR 49 MHz 
3RD OVERTONE SERIES 
MODE CRYSTAL 


C A 


^-Hh 

TWO FOOT 0.023 DIAMETER WIRE \ 
EQUIVALENT CIRCUIT 


Ra 


FIGURE 4. 27 MHz and 49 MHz RF Oscillator/Transmitter 


Use TOKO form #51-0116-02 and #30 wire 
or #51-0178 and #32 wire 
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FIGURE 5. Envelope of Transmitted 
Spectrum for Circuit in Figure 2 
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Applications Information (Continued) 


If the printed circuit board shown in Figure 6 is to be 
reproduced, it is recommended that the layout be fol- 
lowed as closely as possible. The positions of pin 13 
decoupling capacitors and coil components tend to be 
critical in regard to undesired harmonic emissions. Short 
lead ceramic disc capacitors and short decoupled traces 
are recommended. A number of boards with this con- 
figuration have successfully met all requirements of the 
FCC as perceived only by National Semiconductor. Final 
approval of any unlicensed transmitter is granted only by 
the FCC via certified test measurements. 

Field Strength Measurements 

As noted above the maximum radiated RF energy of an 
unlicensed transmitter operating in the 27 MHz or 49 MHz 
frequency band must not begreaterthan 10kpV per meter at 
adistanceof 3 meters from the transmitting antenna. In ad- 
dition to the carrier amplitude requirement, all sidebands 
greater than 10 kHz from the carrier and all other emissions 
(harmonic or spurious) must oe less man 500 pV pci mcier 
at a distance of 3 meters. 

The term used for electrical field intensity (V/ meter at 3 
meters) refers to the open circuit voltage induced at theout- 
put of a resonant half-wave dipole antenna in a single 
dimensional one meter field, 3 meters distant from the 
transmitter under test. When making field intensity 
measurements, the antenna length must be adjusted for 
resonance at each frequency of interest and the induced 
voltage made proportional to the one meter reference 
length. The induced voltage value must not include losses 
caused by the insertion of a 1:1 balun transformer ( - 6 dB) 
or loading ( - 6 dB) and mismatch (72S2 to 5012, - 1.7 dB) of 


the voltage measuring instrument. We can now relate the 
induced voltage (V !N ) to a measured voltage (V MEA ) by: 

V, n L (V MEA )(Losses) 

V MEA = 0r V IN = 

Losses L 

where: V MEA = Voltage measured by a spectrum analyzer 
or calibrated receiver. 

V )N = Field intensity (volts/meter). 

L = Half-wave length of antenna in meters. 
Losses = All mismatch, loading and insertion 
losses. (In this case = 13.7 dB = 4.87) 

The length of a half-wave dipole antenna is found by: 

Ck 

L= — meters 
2f 

where: C = Speed of light in a vacuum. 

k = A constant related to antenna length to width 
ratios, end effects and surface effects. Use 
k = 0.96 for practical antenna rods 5/16” in 
diameter. 

f = Frequency of interest. 

144 

Simplified: L= meters 

f MHz 



FIGURE 6 
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Applications Information (Continued) 

Now that we have a way in interpreting the field strength 
measurements we must deal with the technique used in 
making these measurements. Usually all measurements 
are done outside on a flat area away from trees, buildings, 
buried pipes or whatever. The test transmitter is placed on a 
wooden stool or table approximately 3 feet high such that 
the vertical antenna is in a vertical position. The receiving 
dipole is adjusted for the frequency of interest and orien- 
tated to the same plane as the transmitter and placed 3 
meters from the transmitter. The dipole may be mounted on 
a wooden pole or ladder such that the height of the antenna 
can easily be changed. The antenna length must always be 
symmetrical about the center tapping balun transformer. 
The operator and his test equipment must be “behind” the 
dipole by some 3 or more feet. If it is desired to have the 
operator at a much more distant location the transmission 
line must be characterized for additional losses. A number 
of measurements should be made at each frequency for dif- 
ferent heights and orientations of both the transmitting 
and receiving antennas. The highest reading should be 
considered the correct reading. In addition to fundamental, 
sidebands and harmonic emissions, the frequency spec- 
trum from 25 to 1000 MHz should also be scanned for 
spurious emissions greater than 50^V/meter at 3 meters. 


Additional Applications 

Figure 2 shows a typical application of the LM1872 
Receiver/Decoder. The LM1872 consists of a crystal con- 
trolled local oscillator, IF amplifier, AGC, detector, decoder 
logic and digital channel output drivers. The supply voltage 
range of 2.5V min to 7V max was chosen to allow battery 
operation by four “C” or “D” cells. 

Figure 7 shows how the LM1871 encoder can be used to 
frequency shift a 200 kHz carrier that is transmitted over 
the 110V AC line in a home or office. Figure 8 shows how 
ON/OFF carrier modulation is also possible. An LM1872 
could be used as a receiver/decoder for the Figure 8 
transmitter circuit. When using an LM1872 the carrier fre- 
quencies should be 50 kHz or greater to insure proper 
detector operation. 

Figure 9 shows the LM1871 configured for six analog chan- 
nels with aTTLcompatibleoutput. The V REG voltage at pin 4 
has been shorted to V cc . This allows a V CC(MIN) of 3V and 
v cc(MAX)Of 6V. The encoder output could be used for a fiber 
optic transmitter/receiver link, infra-red, tone keying or 
transducer carriermodulation. If theencoderoutput is hard 
wired to the Figure 10 serial input we can recover the six 
analog channels. From Figure 11 we see that the data input 


will appear during the sync time which is always longer 
than any channel time (t n ). Inverter XI will discharge Cl 
each time the input goes high. During the longer sync time 
Cl will charge up to the 1/2 V cc threshold of X2 and via X3 
provide the data input. The R and C components are 
calculated by: 

fdata delay = 0-565 R1C1 

If large values of Cl (>0.01 piF) are required the diode D1 
should be replaced by a PNP transistor with the base on XI 
output, emitter to X2 input and collector to ground. 

In applications requiring ON/OFF decoding of a channel 
pulse width the circuit shown below could be used. 



If the recovered channel pulse width is short (t (min) ) R2 and 
C2 are selected such that the input to.inverter X4 does not 
rise to the 1/2 V cc threshold. The output of X4 will be high 
and the output of X5 will be low. A longer input pulse(t (maX )) 
will allow the output of X4 to go low pulling the input of X5 
low. R3 and C3 are selected such that the input to X5 will not 
rise past the 1/2 V cc threshold during the remainder of the 
frame time. The R and c values are found by: 

Given: t( mjn) =1.0ms, C2 = 0.01 /*F 
t(max) = 2-0 ms, C3 = 0.1 [a F 

^frame := 20ms 

, t(max) — t( m j n ) 

0.565R2C2 = t^ m j n ^ + —————— =1.5 ms 

2 

1.5 ms 

R2 = = 270 kfi 

0.565C2 


0.565C3 
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LM1871 TOP VIEW 


i DEVIATION ] 
| ADJ J 



7 

1 

vvv 1 



1N4002 3 c ° n VC A T 
■ ^ 50 mA 


+ 1 C9 1 

/TN 10 ^ 

I 16V 


/T\ 

_L 82 p p 




T1 

TOKO 

YAIM-60027W 


Capacitor values in pF 
Resistor values in n 
tSelect for carrier freq. 

f c C4 C7 
200 kHz 82 1000 

100 kHz 160 3900 

Note: See AN-146 for additional information 


FIGURE 7. LM1871, LM566 200 kHz Line Carrier Transmitter with FSK Carrier Modulation 
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I 16 1 

15 
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13 

12 

11 



III 

1 CH4 

| CHS 

I CH6 

f'm 

V CC 

MOD 

MOO 

RF BIAS 


1 

-1 


LM1871 TOP VIEW 


D3 T2 

1N4002 3 _° n VC 7 

. ^ 50 mA 


cs -±r 

2200 “ R5 
, I ✓ 5100 



T1 

TOKO 

YAN-60027N 


► R Z 

► 150k C4 

/ T N 82pF 


w 

d 

Rf 


% 

i 







Capacitor values in pF 
Resistor values in fi 
tSelect for carrier freq. 


FIGURE 8. LM1871, LM566 200 kHz Line Carrier Transmitter with ON/OFF Carrier Modulation 
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FIGURE 9. LM1871 Six Analog Channel Encoder with TTL Compatible Output 


FIGURE 10. Six Analog Channel Detector 
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Additional Applications (Continued) 



FIGURE 11. Six Analog Channel Detector Waveforms 


LM1871 Component Selection Guide 


Component 

Min 

Typ 

Max 

Comments 

Rf 

2 kS 1 

180 kfi 

1 M 

Pin 7. Frame timer resistor used with C F to 
set frame time (t f ). t f = R F C F + t m . 

C F 

500 pF 

0.1 m F 

0.5 

Pin 7. Frame timer capacitor used with R F . 

Rm 

2 kfi 

150 kfi 

1M 

Pin 15. Modulation timing resistor used with 
C T to set mod time (t m ). t m = 0.63 R M C T . 

Rch 

2 kfi 

150 kfi 

1 M 

Channel pins 1, 2, 3, 16, 17, 18. Variable or 
fixed resistor used with C T to set channel 
pulse widths (t ch ). t ch = 0.63 R C hC t . 

C T 

500 pF 

0.1 

0.5 ^F 

Pin 8. Pulse timer capacitor used with R M and 
Rch- 

C M 


0.01 ^F 


Pin 12. Modulation slew time (t ms ) capacitor 
used to decrease modulator bandwidth. 
Reduces sideband emissions. 

(AV12)(C m ) 

tms- — 7600 C M 

*12 

Pin 4. 4.6V regulator decoupling capacitor. 

1 

C4 


0.1 m f 


Cl 3 A 

C13B 


1500 pF 

2700 pF 


Pin 13. Modulator output RF decoupling 
capacitor. Improves carrier ON to OFF ratio. 

C14 


0.1 fuF 


Pin 14. V cc decoupling capacitor. 

RIO 


24 kfi/51 kfi 


Pin 10. RF oscillator/transmitter bias resistor. 


Note: See Figure 4 for RF components. All timing capacitors should be low-drift (NPO) types. 
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LM1872 Radio Control Receiver/ Decoder 


General Description 

The LM1872 is a complete RF receiver/decoder for radio 
control applications. The device is well suited for use at 
either 27 MHz, 49 MHzor72 MHz in controlling various toys 
or hobby craft such as cars, boats, tanks, trucks, robots, 
planes, and trains. The crystal controlled superhet design 
offers both good sensitivity and selectivity. When operated 
in conjuctlon with the companion transmitter, LM1871, it 
provides four independent information channels. Two of 
these channels are analog pulse width modulated (PWM) 
types, while the other two are simple ON/OFF digital chan- 
nels with 100 mA drive capability. Either channel type can 
be converted to the other form through simple external cir- 
cuitry such that up to 4 analog or up to 4 digital channels 
could be created. Few external parts are required to com- 
plement the self-contained device which includes local 
oscillator, mixer, I F detector, AGC, sync output drivers, and 
all decoder logic on-chip. 


Features 

■ Four independent information channels; two analog 
and two digital 

■ Completely self-contained 

■ Minimum of external parts 

■ Operation from 50 kilohertz to 72 MHz 

■ Highly selective and sensitive superhet design 

■ Operates from four 1.5V cells 

■ Excellent supply noise rejection 

■ 100 mA digital output drivers 

■ Crystal controlled 

■ Interfaces directly with standard hobby servos 

Applications 

■ Toys and hobby craft 

■ Energy saving, remotely switched lighting systems 
H Burglar alarms 

■ Industrial and consumer remote data links 

■ IR data links 

■ Remote slide projector control 


Circuit Block and connection Diagram 


Dual-In-Line Package 
MIX 

L0 XTAL GIMD V BIAS IN V + CH A CH A CH B 



BOTTOM VIEW 
Order Number LM1872N 
See NS Package N18A 
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Absolute Maximum Ratings 

SupplyVoltage 7 V 

PackageDissipation(Note2) 1000 mW 

Voltage @ Pin 7, 8, 9, 1 0, 1 1 or 1 2 V + 

OperatingTemperature Range -25°Cto +85°C 

StorageTemperature Range -65°Cto + 150°C 

LeadTemperature(Soldering, lOseconds) 300 °C 

DC Electrical Characteristics 

V+ =6V, T a = 25°C, Test Circuit of Figure 1, t L0 = 49.890 MHz, f, F = 

= 455 kHz unless otherwise specified. 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Supply Voltage 

Functional for V |N = 100 ^V 

2.5 

6 

7 

V 

Supply Current 

CH A & B Off 

9 

13 

18 

mA 


CH A & B On 


27 


mA 

V BIAS 

@ Pin 4 

i .85 

n a 

C. 1 

2.35 

\i 

Sync Timer Threshold 

@ Pin 13, Going from Low to 






High Voltage 

V+/2 -0.4 

V+/2 

' V+/2+0.3 

V 

Digital Channels A and B 






Saturation Voltage 

@ Pins 7 & 9, R L = 100Q 


0.4 

0.7 

V 

Saturation Resistance 

@ Pins 7 & 9 


7 


n 

Source Current 

@ Pins 8 & 10, V Pjn 8 & Pin 10 <1V 

100 



mA 

Collector Pull-Up 

Pin 7 & Pin 9 to V + 

5 

10 

20 

kfi 

Resistance 






Emitter Pull-Down 

Pin 8 & Pin 10 to GND 

5 

10 

20 

kfl 

Resistance 






Analog Channels 1 and 2 






Saturation Voltage 

@ Pins 11 & 12, R L = 2 kfi 


0.45 

0.7 

V 

Saturation Resistance 

@ Pins 11 & 12 


160 


n 

Collector Pull-up 

Pin 11 & Pin 12 to V + 

5 

10 

20 

kfl 

Resistance 






AC Electrical Characteristics 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

RF Sensitivity 

For “Solid” Decoded Outputs 


22 

39 

mV 


(Note 1) 





RF Sensitivity 

Circuit of Figure 5@49 MHz with 


12 


mV 


Antenna Simulation 






Network of Figure 6 





Voltage Gain 

Pin 5 to Pin 15 


58 


dB 

PSRR of RF Sensitivity 

3V<V + <6V 


-1 


% A/V 

BW 

3 dB Down @ Pin 15 


3.2 


kHz 

Noise 

Referred to Input, Pin 5, V IN = 0 


0.35 


pA/rms 


Referred to IF, Pin 15, V (N = 0 


0.28 


mVrms 

AGC Threshold 

Onset of AGC Relative to RF 






Input, V IN , @ Pin 5 


88 


mV 


Relative to IF Output @ Pin 15 

V++0.07 

V++ 0.100 

V++0.13 

V 

Mixer Conversion 

From Pin 5 to Pin 18 @1 MHz. 

2.9 

4.0 

6.9 

mmhos 

Transconductance 

@27 MHz 


3.7 


mmhos 


@49 MHz 


3.5 


mmhos 

Mixer Input Impedance 

Pin 5 to Pin 4 @ 49 MHz 


20 kfi 




(See Curves) 


+ 5 pF 
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AC Electrical Characteristics (Continued) . 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Mixer Output Impedance 

Pin 18 to GND 


250 


kfi 

IF Transconductance 

Pin 17 to Pin 15 (AGC Off)@455 kHz 

2.6 

4.1 

5.6 

mmhos 

IF Input Impedance 

Pin 17 to GND 


5500 


0 

IF Output Impedance 

Pin 15 to GND (AGC Off) 


800 


kfi 


(AGC On) 


2 


MO 

IF Carrier Level 

@ Pin 15, V IN = 100 /iV 
(AGC On) 


70 


mVrms 

Detector Threshold 

Relative to RF Input, V |N , 


20 


mV 


@ Pin 5 

Relative to IF Output @ Pin 15 

V++ 0.015 

V++ 0.025 

V++ 0.040 

V 

Analog Pulse Width 

Ratio of Received Pulse Width 

0.95 

1.0 

1.05 

ms/ms 

Accuracy 

@ Pins 11 & 12 to Transmitted 
Pulse Width @ Pin 5 for V )N = 
100 






Note 1: The criteria for the outputs to be considered "solid” are as follows: 

DIGITAL: In order to check the decoding section, four RF frames are inputted in sequence with the proper codes to exercise all four possible logical out- 
put combinations at pins 7 and 9. For each frame the proper output logic state must exist. 

ANALOG: Each analog pulse width (measured at pins 1 1 & 12) In any of the above four successive frames must not vary more than ± 5% from the pulse 
widths obtained for V (N = 100 jiV. 

Note 2: For operation In ambient temperatures above 25 °C, the device must be derated based on a 150 °C maximum junction temperature and a package 
thermal resistance of 120°C/W, junction to ambient. 


Typical Performance Characteristics 


Supply Current vs 
Supply Voltage 


Analog Channel Output 
Voltage vs Load Current 


Digital Channel 
Collector Output Voltage 
vs Load Current 


DIGITAL 

f CHANNELS ON ~ 


|@CH 1 (PIN 11) OR | 
rCH 2 (PIN 12) OUTPUT*) 


@ CH A OR B COLLECTOR OUTPUT 
"(Pitt 7 OR S) WITH EMITTER OUTPUT 
-(PIN 8 OR 10) GROUNDED-}— j — U 


3 V < V + ^ 6V 


_ DIGITAL 
CHANNELS OFF 


HIGH POWER 
r DISSIPATION REGION 1 


3 4 5 6 

SUPPLY VOLTAGE (V) 


1 2 3 4 5 6 7 8 9 

OUTPUT LOAD CURRENT (mA) 


40 80 120 160 200 

OUTPUT LOAD CURRENT (mA) 


Sensitivity vs Supply Voltage 


Mixer Transconductance (g m ) 
vs Input Frequency 


IF Output Signal Level vs RF 
Input Signal Level 





Typical Performance Characteristics (Continued) 


IF Bandpass Response 



-60 -40 -20 0 20 40 60 


Equivalent Mixer input Shunt 
Resistance and Capacitance 



Receiver AM Rejection 
vs RF Input Level 



FREQUENCY DEVIATION (kHz) 


f| N - INPUT FREQUENCY (MHz) 


RF INPUT SIGNAL <s> PIN 5 (/iVrms) 


Too* Qiroi ii+ 


20 



LI = Toko* 10k type (KEN-4028 DZ); 6T 
T1 = Toko* 10 EZC type (RMC 202313 NO), Qu = 110 
Pin 1-2, 131T; pin 2-3, 33T 
Pin 1-3, 164T; pin 4-6, 5T 


T2 = Toko* 10 EZC type (RMC 402503 NO), Qu = 110 
Pin 1-2, 98T; pin 2-3, 66T 
Pin 1-3, 164T; pin 4-6, 8T 


* Toko America, Inc. 

5520 West Touhy Ave. 
Skokie, III. 60077 
(312)677-3640 Tlx: 72-4372 

FIGURE 1. Test Circuit 
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Circuit Description 

The following discussion is best understood by referring 
to Figures 2, 3, 4, and 5. 

SYSTEM ENCODING AND DECODING SCHEME 

For the transfer of analog information, the LM1871/ 
LM1872 system uses conventional pulse width modula- 
tion (PWM). In applying this technique, the RF carrier is 
interrupted for short fixed intervals (t M in Figure 2) with 
each interval followed by variable width pulses (tq H ) so as 
to define multiple variable time spans (t M + t CH ) occurring 
in serial fashion. Synchronization is accomplished by 
allowing one of the transmitted variable pulse widths 
(t SYNC ) t0 exceed the duration (t’ SYNC ) of a receiver-based 
timer, thus allowing the receiver to recognize this pulse 
for synchronization purposes. Taken in sequence, this 
collection of pulses constitutes a single frame period (t F ). 


The LM1871 transmitter is equipped to transmit up to six 
channels which the companion LM1872 receiver uses to 
derive 2 analog and 2 digital channels. The receiver 
decodes the demodulated RF waveform from the 
transmitter by negative edge triggering a cascade of 
three binary dividers called the A, B, and C toggle flip- 
flops (Figure 4). By “examining” all three flip-flop outputs 
simultaneously, up to 6 unique channel time intervals 
could be identified and recovered. Only the first two 
channels are actually decoded however and outputted by 
the receiver, the rest being used for identification of two 
digital (ON/OFF) channels. In passing digital information, 
a pulse count modulation scheme is used whereby dif- 
ferent quantities of channel pulses are transmitted by 
varying the number of fixed width channels following the 
two variable width analog channels 1 and 2 (see Figure 3). 


TX RF CARRIER (ASSUME PRIOR 
FRAME CONTAINED 3 PULSES 
REPRESENTING CH A AND CH B OFF) 

RX OEMOOULATED SIG 

A FLIP FLOP 

B FLIP-FLOP 

C FLIP-FLOP 

ANALOG CHI (PIN 11) 

ANALOG CH2 (PIN 12) 

SYNC TIMER (PIN 13) 
SYNC SIGNAL 
READ COUNTER ONE-SHOT 
RESET COUNTER ONE-SHOT 
DIGITAL CH A (PIN 7) 
DIGITAL CH B (PIN 9) 


— — t CH I— — 

,4IHZH3-I^0-EH 



FIGURE 2. RX Timing Waveforms 


LM1871 TX | 

LM1872 RX | 

PIN CONDITIONS 

TRANSMITTED WAVEFORM 

BINARY 

DIGITAL OUTPUTS 

PIN 5 (CH A)|PIN 6 (CH B) 

OPEN OPEN 

r ,f i 

3THHT- 

100 


GND OPEN 

ZKHKHH=I 

101 

ON OFF 

OPEN GND 

ZKHKHHHH 

110 

OFF ON 

GND GND 

ZHHHHHHHI 

111 , 

ON ON 


FIGURE 3. Digital Channel Encoding and Decoding via Pulse Count Modulation 
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Circuit Description (Continued) 


Thus either 3, 4, 5, or 6 channels are transmitted to repre- 
sent the four possible codes that two digital channels 
represent. The receiver intrinsically counts channels with 
its decoder flip-flops by responding to the negative edges 
of the demodulated RF waveform of which there is 
always one more than the number of channels. The two 
LSBs of the binary count are read, latched, and fed to the 
output drivers which comprise digital channels A and B. 

RECEIVER SECTION 

The receiver circuit is a simple, single conversion design 
with AGC which mixes down to 455 kHz and provides 


58 dB of gain using the suggested transformers in Figure 
5. The active digital detector provides an additional 30 dB 
gain over a silicon diode resulting in an overall system 
gain of 88 dB. More or less gain can be obtained by using 
different transformers. The frequency range of operation 
extends from 50 kHz to 72 MHz encompassing a wide 
range of allocated frequency bands. 

The short (T to 2') vertical whip antenna that is typically 
used has a very low radiation resistance (0.5ft to 4ft) and 
approximately 3 pF to 5 pF of capacitance. This antenna is 
coupled to the mixer through a high Q tank consisting of C3 



R1 - Motor decoupling^, 

R2 - Sync timer; R2= SYNC „ R2<470k 
0.7 C6 

R3 - Mixer decoupling 
Cl - LO bypass; optional 


C11-LO bypass 
LI -LOcoil 

Toko* 10k type (KXNA-4434 DZ) 9T; 0.8 M H@27 MHz 
Toko* 10k type (KEN-4028 DZ) 6T; 0.4 mH@49 MHz 
LI could be made a fixed coil, if desired. 


C2 - LO tank; C2 = 43 pF @ 27 M Hz 
= 24 pF @ 49 MHz 

C3 - Ant. input tank; C3 = 39 pF @ 27 MHz 
= 24 pF @ 49 MHz 


T1 -455 kHz mixer transformer 

Toko* 10 EZC type (RMC-202313 NO), Qu = 110 
Pin 1-2, 131T; pin 2-3, 33T 
Pin 1-3, 164T; pin 4-6, 5T 


C4 - V B j AS bypass 
C5 - Motor decoupling^, 

C6 - Sync timer; C6 = SYNC , C6 <0.5 
0.7 R2 

C7 - Mixer decouple; 0.01 ^F<C7<0.1^F 
C8 - AGC 

C9 - IF bypass; optional 

CIO - V + bypass; 0.01 /iF<C10<0.lMF 


T2 -455 kHz IF transformer 

Toko* 10 EZC type (RMC-402503 NO), Qu = 1 10 
Pin 1-2, 98T; pin 2-3, 66T 
Pin 1-3, 164T; pin 4-6, 8T 
T3 -Ant. input transformer 

Toko* 10k type (KXNA-4434 DZ), 3T sec. & 9T pri. of 0.8 M H @ 27 MHz 
Toko* 10k type (KEN-4028 DZ), 1 1/2 T sec. & 6T pri. of 0.4 M H @ 49 MHz 
XI -3rd overtone parallel-mode crystal 

_. . . . . * Toko America, Inc. 

01 -Electrostatic discharge (ESO) protection 5520 West Touhy Aye 

Skokie, III. 60077 
(312)677-3640 Tlx; 72-4372 


FIGURE 5. Typical Application Circuit for 27 MHz or 49 MHz 
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Circuit Description (Continued) 


and T3. This tank effectively keeps strong out-of-band 
signals such as FM and TV broadcast from cross- 
modulating with the desired signal. When operating at 
49 MHzor72 MHz, CB interference is also effectively mini- 
mized. Image rejection is relatively low, however, being 
only 7 dB @ 49 MHz, but this does not present a problem 
due to the usual absence of strong interfering signals 
910 kHz below the desired signal. 

The antenna signal is stepped down and DCcoupledtothe 
mixer which consists of the emitter-coupled pair Q1 and 
Q2. Emitter-follower, Q1, feeds the common-base device, 
Q2, while effectively buffering the antenna from the LO 
energy delivered by Q4. Mixer transconductance is 4 
mmhos at low frequency (1 MHz) falling to3.3 mmhos at the 
ppperend(72 MHz). 

The local oscillator utilizes an emitter coupled pair, Q3 
and Q4, for accurate control of mixer drive, l r Quiescent- 
ly. Q3 and Q4 share l 1 set by 0.69V/R5, but heaithy voltage 
swings at pin 2 due to oscillation of Q3 impiemeni 
thorough switching of the differential pair. As a result, 
the full 1.8 mA of drive “tailgates” (switches) the mixer 
emitter coupled pair, Q1 and Q2. This current is well 
regulated from supply voltage changes by the V BIAS cir- 
cuitry. The TC of V B1AS is positive by design in order to im- 
press a positive TC on ^ so as to compensate for the 
temperature dependence of bipolar transconductance in 
the mixer. Inasmuch as Q4 operates as an emitter-gated, 
common-base-connected device, excellent isolation bet- 
ween local oscillator and mixer is obtained. As long as 
pin 4 is properly bypassed, Q5 presents a low impedance 
to the base of Q4, resulting in low oscillator noise. The 
oscillator easily operates up to 72 MHz with overtone 
crystals operating parallel mode. 

The mixer signal is stepped down from the high Q mixer 
tank, T 1 , and DC coupled to the IF via a secondary winding. 
The IF stage consists of Q7, Q8 and Q10 and delivers a 
transconductance of 4 mmhos @ 455 kHz. The quiescent 
current, l 2 , is set at 120 yA by V BIAS and a 6.2k resistor. 
Again, the positive TC of V B | AS is used to compensate for 
the temperature dependenceof transconductance. The im- 
pedance at the IF output, pin 1 5, is very high (>800k) permit- 
ting the IF transformer, T2, to operate at near unloaded Q 
(110). The overall 3 dB bandwidth of the receiver section is 
3.2 kHz(see characteristic curves); this is narrow enough to 
permit adjacent channel operation without interference 
yet wideenoughto,passthe500^s modulation pulses(t M in 
Figure 2). 

The IF signal is DC coupled to the digital detector which 
consists of a high gain precision comparator, a 30 y s in- 
tegrator, and a supply-referred 25 mV voltage reference. 
Whenever the peak IF signal exceeds 25 mV, the com- 
parator drives Q11 to reset the digital envelope detector 
capacitor, C12. Since it takes 30 jus for the 1 yA current 
source to ramp C12 to the 3V (V + 12) necessary to fire the 
Schmitt trigger, the presence of 455 kHz carrier 
(period = 2.2 ys) greater than 25 mVp will prevent C12 from 
ever reaching this threshold. When the carrier drops out, 
the Schmitt trigger will respond 30 ys later. This delay (like 
that associated with the burst response of the 455 kHz IF 
tanks) is constant over the time interval of interest. Thus, it 
is of no consequence to timing accuracy because the 
LM1872 responds only to negative edges in the decoder. 


AGC is provided only to the IF; the mixer having sufficient 
overload recovery for the magnitude of signals available 
from a properly operating (i.e. good carrier ON/OFF ratio) 
10,000 yVi m transmitter. The AGC differential amplifier 
regulates the peak carrier level to 1 00 mV by comparing it to 
an internal 100 mV supply-referred voltage reference. The 
resultant error signal isamplifiedanddrivesQ9viarectifier 
diode, D1, to shunt current away from Q10. C8 provides 
compensation forthe AGC loop which spans a 70dB range. 
The 100 mV AGC reference is accurately ratioed to the 25 
mV detector reference to permit a controlled amount of 
brief carrier loss beforedropping belowdetectorthreshold. 
Once into AGC, typically 60% amplitude modulation of the 
PWM carrier is possible before the detector will recognize 
the interference (see characteristic curves). This kind of 
noise immunity is invaluable when thetroublesomeeffects 
of other physically close toys or walkie-talkies on the same 
or adjacent frequencies are encountered. 

DECODER SECTION 

The purpose of the decoder is to extract the time informa- 
tion from the carrier forthe analog channels and the pulse 
count information for the digital channels. The core of the 
decoder is a three-stage binary counter chain comprising 
flip-flops A, B, and C. The demodulated output from the 
detector Schmitt-trigger drives both the counter chain and 
the sync timer (Q12, R2, C6, and another Schmitt trigger). 
When the RF carrier drops out for the first modulation 
pulse, t M , the falling edge advances the counter(see Figure 
2.) During the t M interval thesync timer capacitor is held low 
by Q12. When the carrier comes up again for the variable 
channel interval, t CH , C6 begins to ramp towards threshold 
(V + /2) but is unable to reach it in the short time that is 
available. At the end of the t CH period the carrier drops out 
again, the counter advances one more, and the sequence is 
repeated for the second analog channel. To decode the two 
analog channels, 3-input NAND gates G1 and G2 examine 
the counter chain binary output so as to identify the time 
slots that represent those channels. Decoded in this man- 
ner, the output pulse width equals the sum of t M , a fixed 
pulse, and t CH , a variable width pulse. A Darlington output 
driver interfaces this repetitive pulse to standard hobby 
servos. • 

Following the transmission of the second analog channel, 
a variable quantity from one to four, of fixed width pulses 
(500 ys) are transmitted that contain the digital channel in- 
formation. Up until the end of the pulse group frame period, 
t F , the decoder responds as if these fixed pulses were 
analog channels but delivers no outputs. At the conclusion 
of the frame the sync pulse, t SYNC , is sent. Since t SYNC is 
always made longer than the sync timerperiod (t’ SYNC = 3.5 
ms), the sync timer will output a sync signal to the first of 
two cascaded 10 ^s one-shots. The first one-shot enables 
AND gates G3-*G6 to read the A and B flip-flops of the 
counter into a pair of RS latches. The state of flip-flop A, for 
example, is then stored and buffered to drive 1 00 mA sinkor 
source at the channel A digital output. An identical parallel 
path allows the state of flip-flop B to appear at the channel 
B power output. Upon conclusion of the 10 ys read pulse, 
another 10 ^s one-shot is triggered that resets the counter 
to be ready for the next frame. 
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Application Hints 

A typical application circuit for either 27 MHz or 49 MHz 
is shown in Figure 5. Using the recommended antenna in- 
put networks and driving the circuit through the antenna 
simulation network of Figure 6, a solid decoded output 
occurs for 10 /iV and 12 input signals at 27 MHz and 
49 MHz respectively. 



FIGURE 6. Antenna Simulation Network 

This sensitivity has been determined empirically to be 
optimum for toy vehicle applications. Less gain will 
reduce range unacceptably and more gain will increase 
susceptibility to noise. However, should the application 
require greater range (> 50m for a land vehicle, for exam- 
ple), either the antenna could be lengthened beyond 2' 
and/or receiver sensitivity could be improved. There are a 
number of ways, to alter the sensitivity of the receiver. 
Decreasing the turns ratio of input transformer, T3, for 
example, will couple more signal into the mixer at the ex- 
pense of lower tank Q due to mixer loading. Moving the 
primary tap on mixer transformer, T1, further from the 
supply side and/or decreasing the primary to secondary 
turns ratio will also increase gain. For example, just 
changing T1 from a 32:1 primary to secondary ratio to a 
5:1 turns ratio (Toko #RMC202202) will double 49 MHz 
sensitivity (6 vs 12 ^V). Mixer tank Q will be affected 
but overall 3 dB BW will remain largely unchanged. The 
primary tap on the IF transformer, T2, can also be ad- 
justed (further from the supply side) for higher gain, but it 


v + 



is possible to cause the AGC loop to oscillate with this 
• method. 

Narrow overall bandwidth is important for good receiver 
operation. The 3.2 kHz 3 dB bandwidth of the circuit in 
Figure 5 is just wide enough to pass 500 jiS carrier 
dropout pulses, t M , yet narrow enough to hold down elec- 
trical noise and reject potentially interfering adjacent 
channels. In the 49 MHz band, the five frequencies 
available are only 15 kHz apart. Should only two frequen- 
cies be used simultaneously, these channels could be 
chosen 60 kHz apart. Should three frequencies be used, 
the spacing could be no more than 30 kHz. At four or five 
frequencies, 15 kHz spacings must be dealt with, making 
narrow bandwidth highly desirable. Even at 27 MHz, 
where allocated frequencies are 50 kHz apart, the pro- 
liferation of CB stations only 10 kHz away represents a 
formidable source of interference. The response of the 
circuit of Figure 5 is 34 dB and 56 dB down at 15 kHz and 
50 kHz away, respectively (see characteristic curves). 

The sync timer should have a timeout, t’ SYNC , set longer 
than the longest channel pulse transmitted, but shorter 
than the shortest sync pulse, t SYNC , transmitted. Using 
the component values in Figure 5, t’ SYNC , = 3.5 ms, which 
works well with a transmitted synce pulse, t SYNC >5 ms. 

Numerous bypass capacitors appear in the circuit of 
Figure 5, not all of which may be necessary for good 
stability and performance. A low cost approach may 
eliminate one or more of the capacitors Cl, C9, CIO, and 
C11. The cleaner and tighter the PCB layout used, the 
more likely is the case that bypass capacitors can be 
eliminated. In the case of marginal board stability, in- 
creasing the size of capacitors C7, C9, and CIO to 0.1 ^F 
may prove helpful. If the PCB layout and parts loading 
diagram shown in Figure 7 is used, the circuit will be 
quiie stable up to 72 MHz. 



FIGURE 7. PCB Layout, Stuffing Diagram and Complete 
RX Module for Typical Application Circuit of Figure 5 
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Application Hints (Continued) 

The digital channel output devices have significant drive 
capability; they can typically sink 100 mA and posses a 
7 12 saturation resistance. Through their emitters they can 
source 100 mA up to IV above ground for driving ground- 
ed NPNs and SCRs. Unfortunately, this kind of drive 
capability can cause thermally induced chip destruction 
unless total power dissipation Js limited to Jess than 
1000 mW. It is good practice and highly recommended to 
allow the digital output devices to fully saturate at all 
times (sinking or sourcing) and to limit the current at 
saturation to no more than 100 mA. For extra drive the 
two digital outputs can always be summed by connect- 
ing pin 7 to pin 9. 

The IF frequency is not constrained to be 455 kHz. Opera- 
tion is limited on the high end to about 1 MHz due to the 
frequency response limitations of the active, detector. 
The low end is limited to about 50 kHz due to the 
oi i vciopc detector integration time (Figure / f). 

Receiver Alignment 

The receiver alignment procedure is relatively straightfor- 
ward because of an absence of interaction between the 
adjustments. First, the oscillator is tuned by adjusting LI 
while monitoring the LO signal at pin 2 with a low capaci- 
ty (=10 pF) probe. During tuning the amplitude will rise, 
peak, and then abruptly quit. Adjust the -Coil away from 
the quitting point and just below the amplitude peak. 

In order to properly tune T1, T2, and T3, the RF signal 
must be provided through the receiver antenna by the 
specific transmitter which is to be used with that specific 
receiver. This is because the crystals which are common- 
ly used with these systems may have tolerances as loose 
as ±0.01%. At 49 MHz the resultant ±5 kHz deviation 
could easily put the incoming signal out of the 3.2 kHz 
receiver IF bandpass. The signal should be coupled 
through the receiving antenna to ensure proper loading 
of the T3 input tank. 

Alignment is easier with a defeated AGC, which is ac- 
complished by merely grounding pin 16. The amplitude of 
the455kHzsignal at pin 15 is used to guide alignment. Care 
should be exercised that the. signal swing not exceed 
roughly 400 mVp or diode, D2, in Figure4 will threshold and 
clamp the waveform. Also note that a standard 1 0 pF probe 
at pin 15 will shift the IF tank frequency an undesirable 
2 kHz. Unless a lower capacity probe is available, it is 
recommended that the signal be monitored at the unused 
secondary of T2. Although the signal amplitude would be 
down by a factor of 8.25 relative to pin 1 5, up to 50 pF probe 
capacitance could be tolerated with negligible frequency 
shift. 

The incoming signal is obtained by removing the antenna 
from the transmitter and then locating the transmitter at 
a sufficient distance from the receiver to give a conven- 
ient signal level (<400 mVp) at pin 15. T3, T1, and T2 are 
then tuned for maximum signal. 


Applications 

Operation at 72 MHz 

The licensed 72 MHz band is popular among hobby en- 
thusiasts for controlling aircraft. The higher transmitted 
power levels that the FCC allows yield much greater 
operating range and the frequency band is uncluttered 
relative to 27 MHz. Elevated frequencies such as 72 MHz 
are no problem with the LM1872. The part is stable and 
will provide good sensitivity and selectivity at that fre- 
quency. The application circuit in Figure 8 will provide a 
set of solid decoded outputs for <2 nV of signal at the 
antenna input, which is designed to match the 10012 
resistive impedance of the 1/4 wavelength antenna. IF 
bandwidth is a respectable 3.2 kHz. For good immunity to 
overload from a very closely (antennas touching) 
operating high power transmitter, the transmitter design 
should emphasize a high carrier ON/OFF ratio. Using the 
LM1871 as a low power exciter to drive one or more exter- 
nal class C power amplifier stages will result in a simple, 
acceptable, lew cost tr?.nsm'tt pr 72 MHz. 


Inasmuch as many hobby applications require more 
analog channels than the LM1872 normally provides, par- 
ticular attention should be paid to Figures 10 and 12 
which describe how to expand analog channel capacity 
up to 4 and 6 channels, respectively. 


Operation with an IR Carrier 

An infra-red (or visible) light data link is a useful alterna- 
tive to its RF counterpart. Should the application demand 
that the radiation not leave the room, or that it be direc- 
tional, or not involve FCC certification then a light carrier 
should be given consideration. The principal drawbacks 
to this approach include short range (<20 ft.) and high 
transmitter power consumption. There is little that can 
be done to dramatically improve range, but short burst- 
type operation of the transmitter will still permit battery 
operation. 


The information link (Figure 9a) consists of a light carrier 
amplitude modulated by a 455 kHz subcarrier. The sub- 
carrier in turn is modulated by the normal Pulse Width/ 
Pulse Count Scheme produced be the LM1871 encoder. A 
husky, focused LED is used as the transmitter running 
Class A 100% modulated with an average current drain 
of 50 mA to 500 mA depending upon range requirements. 
The detector consists of a large area silicon PN or PIN 
photodiode for good sensitivity. The LM1872 will directly 
interface to such a diode and give very good perfor- 
mance. Only a few nanoamps of photo current from D1 
are required to threshold the detector. Ambient light re- 
jection is excellent due to the very narrow bandwidth (=3 
kHz) that results from the use of three high Q 455 kHz 
transformers, T1, T2, and T3. Note that the LO has been 
defeated and the mixer runs as a conventional 455 kHz 
amplifier. Otherwise, circuit operation is the same as if 
an RF carrier were being received. 
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TO MOTORS 
AND LOADS 



R1 - Motor decoupling 

R2 - Sync timer; R2 = R2 <. 470k 

0.7 C6 

R3 - Mixer decoupling 

Cl - LO bypass; optional 

C2 - LO tank; C2 = 22 pF @ 72 MHz 

C3 - Ant. Input tank; C3 = 24 pF @ 72 MH: 

04 ’ v BIAS b y pass 
C5 - Motor decoupling 

C6 - Sync timer; C6 = j!™P,C6<; 0.5 pF 
0.7 R2 

C7 - Mixer decouple; 0.01 pF:sC7:£0.1pF 
C8 - AGC 

C9 - IF bypass; optional 

C10-V + bypass; 0.01 pFssCIOssO.lpF 


C12 - Ant. input tank; C12 = 160 pF @ 72 MHz 
LI - LOcoil 

Toko* 10k type (KENC) 4T; 0.2 pH @ 72 MHz 
{ LI could be made a fixed coil, if desired. 

T1 - 455 kHz mixer transformer 

Toko* 10 EZC type (RMC-502182), Qu = 1 10 
Pin 1-2, 82T; pin 2-3, 82T 
Pin 1-3, 164T; pin 4-6, 30T 
T2 - 455 kHz IF transformer 

Toko* 10 EZC type (RMC-502503), Qu = 1 10 
Pin 1-2, 82T; pin 2-3, 82T 
Pin 1-3, 164T; pin 4-6, 8T 
T3 - Ant. input transformer 

Toko -10k type (KENC), 4T sec. & 2T prl. of 0.2 pH ( 
72 MHz 

XI - 5th overtone crystal, parallel-mode, 72 MHz 
D1 - Electrostatic discharge (ESD) protection 
* Toko America, Inc. 

5520 West Touhy Ave. 

Skokie, III. 60077 
(312)677-3640 Tlx: 72-4372 


FIGURE 8. 72 MHz Receiver Circuit 


In a practical, remote data link, the transmitter could be 
battery operated and set up to transmit for brief intervals 
only in order to save power. The brief transmission could 
be used to set or reset the digital output latches in the 
LM1872 and /or command new motor positions via the 
analog channels. After transmission, the commands 
would be stored electrically in the case of the digital 


channels and the mechanically in the case of the analog 
channels. 

As a final note, if the case of D1 is connected to the* 
anode rather than the cathode, the circuit of Figure 9b 
should be used at the input to maintain electromagnetic 
shielding. 
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TO 

ci LOADS 



BOTTOM VIEW 


FIGURE 9a. IR Type Data Link 


R1 - Load decoupling 

R2 - Sync timer; R2 = * , R2<470k 

0.7 C6 


R3 - Preamp decoupling 
R5 - Photodiode decoupling 
Cl - Photodiode decoupling 

c 2 - v bias b yp ass 

C3 - V + bypass 
C4 - Load decoupling 
C5 - IF bypass; optional 

C6 - Sync timer; 06 = 1^10 00^0.5^ 

0.7 R2 

07 - Preamp decoupling 

08 - AGO 


T1 - 455 kHz preamp transformer 

Toko* 10 EZC type (RMC-502182), Qu = 110 
Pin 1-2, 82T; pin 2-3, 82T 
Pin 1-3, 164T; pin 4-6, 30T 
T2 - 455 kHz IF transformer 

Toko* 10 EZC type (RMC-402503), Qu = 110 
Pin 1-2, 98T; pin 2-3, 66T 
Pin 1-3, 164T; pin 4-6, 8T 
T3 - 455 kHz input transformer 

" Toko* 10 EZC type (RMC-202313), Qu = 110 
Pin 1-2, 131T; pin 2-3, 33T 
Pin 1-3, 164T; pin 4-6, 5T 
D1 - PN or PIN Silicon Photodiode 


Photodiode, D1 


Active Area (cm 2 ) 


Vactec VTS 5088 0.18 

Vactec VTS 6089 0.52 

UDT PIN 6D or 6 DP 0.20 

UDT PIN 220 DP 2.0 

Siemens BPY 12 0.20 

* Toko America, Inc. 

5520 West Touhy Ave. 

Skokie, III. 60077 
(312)677-3640 Tlx: 72-4372 


0.01 R5 



FIGURE 9b. Input Stage Where the Case of D1 is 
Connected to the Anode 
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Applications (Continued) 


Expansion to Four Analog Channels 

For those applications that require more than the two 
analog channels that are normally provided, the LM1872 
can easily be expanded to 4 channels with appropriate 
external circuitry. This is accomplished by creating a 
pseudo-sync pulse (t ps ) among a six channel transmitted 
frame from the LM1871 (Figure 10). The pseudo-sync 
pulse deceives the decoder in the LM1872 causing 
premature recognition of end-of-frame, effectively split- 
ting a single' frame into two. The idea is to transmit 
analog channels 1 and 2 in the first half of the normal 
frame period and analog channels 3 and 4 in the second 
half. External logic will then steer the four channels from 
the LM1872’s only two analog output pins into four new 
analog outputs. Steering is accomplished with the help 
of one of the digital channels. Inasmuch as the digital 
channels resppnd only to the number of pulses received 


between any two sync (or pseudo-sync!) pulses, the chan- 
nels are capable of toggling in step with the alternating 
transmission of two and three channel pulse mini-groups 
occurring within each half frame. Figure 10a reveals that 
both digital channels A and B are high during the dual 
pulse half frame and low during its triple pulse counter- 
part. Figure 10b shows just how simple the external cir- 
cuitry can be. Digital channel B drives the channel select 
pin of a quad 2-input MUX that routes the LM1872 chan- 
nels 1 and 2 outputs to the four new outputs labeled 
analog 1 through 4. 


Although not the model of simplicity of Figure 10b, 
Figure 10c is a lower cost alternative that works just as 
well. The diodes with the asterisk prevent a ground step 
from occurring that could false trip an excessively edge 
sensitive servo and can be eliminated in many cases. 


*F 


1 p-A1*j*A2*l |- t PS 

— A3 A4 •*- 


SYNC |— — — PSEUDO-SYNC 

\OD 

-| |-| SYNC 


TX RF 
SIGNAL 


RX 

OUTPUTS 

PRIOR 

TO 

CHANNEL 

SEPARATION 


ANALOG 

1 


ANALOG 

3 


ANALOG 

2 


ANALOG 

4 


CH 1 
OUTPUT 


CH 2 
OUTPUT 


CH B 
OUTPUT 


AUXILIARY 

DECODER 

ANALOG 

OUTPUTS 


ANALOG 

1 


ANALOG 

2 


ANALOG 

3 


ANALOG 

4 


ANALOG 1 
(CH 1 OUTPUT) 


ANALOG 2 
(CH 2 OUTPUT) 


ANALOG 3 
(CHI OUTPUT) 


ANALOG 4 
(CH 2 OUTPUT) 


a) Transmitter, Receiver, and Auxiliary Decoder Timing Diagram 


FIGURE 10. Deriving Four Analog Channels Through the Use of 
an Auxiliary Decoder 


9-128 




Applications (Continued) 


V + 



b) Simple Decoding of Four Analog Channels with CMOS 


ANALOG 

OUTPUTS 


12 3 4 



c) Low-Cost Decoding of Four Analog Channels with DTL 

FIGURE 10. Deriving Four Analog Channels Through the Use of 
an Auxiliary Decoder 


Four Single Channel Receivers Driven from a Single 
Transmitter 

When it is desired to control more than two vehicles or 
remote stations with the analog information from a 
single transmitter, the LM1872 can be put to the task. By 
utilizing the frame splitting technique previously de- 
scribed in Figure 10, up to four independent single 
analog channel receivers can be made to operate from a 


single transmitter (Figure 11). Toggling digital channel A, 
either directly or through an inversion, is used to sup- 
press a given receiver’s analog output when the 
undesired analog channels are transmitted. In this man- 
ner, only the desired analog channel is outputted at each 
receiver. The amount of external circuitry required to do 
this is minimal; two receivers require a single transistor 
apiece while the other two receivers need no extra parts 
at all. 
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a) Transmitter, Receiver, and Separated Channels Timing Diagram 


ANALOG 2 
OUTPUT 


ANALOG 3 
OUTPUT 


ANALOG 4 
OUTPUT 



CH 1 

CH A 

11 f 

LM1872 

7 

RX NO. 1 

(COLL) 



CH A 

8 


(EM) 



LM1872 CH A I 7 
RX NO. 3 (COLL) P" 



CH 2 

CH A 

12 

LM1872 

7 

RX NO. 2 

(COLL) 



CH A 

8 


(EM) 

~~ l 


LM1872 CH A 7 
RX NO. 4 (COLL) | 


b) Simple Channei Separation with Two Externa! Transistors 

FIGURE 11. Obtaining Four Independent Single Analog Channel Receivers 
from a Single Common Transmitter 
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Applications (Continued) 

Expansion to Six Analog Channels 

Still greater analog capacity can be obtained with an out- 
board auxiliary decoder. The LM1872, a simple com- 
parator, and an 8-bit parallel-out serial shift register com- 
prise a six analog channel receiver/decoder (Figure 12). 
The one transistor comparator reconstructs the detector 
output of the LM1872 from the sync timer waveform and 
feeds it to the clock input of the shift register. The chan- 
nel 1 output then loads a “one” into the register and the 
clock shifts the “one” down the line of analog channel 
outputs in accordance with the time information from the 
detector output. Note that the reconstructed detector 
waveform lags the channel 1 output very slightly (=10 ^s) 
due to the finite slope of the sync capacitor discharge 
edge. This delay is very important as it insures that chan- 
nel 1 is high when the clock strikes initially (thus loading 
a “1”) and low for each subsequent positive clock edge 
(thus preventing the loading of extraneous “Ts”). 


Converting an Analog Channel to a Digital Channel 

Either analog channel can be converted to a digital chan- 
nel with the aid of a low cost CMOS hex inverter (Figure 
13). The internal 10k resistor and external capacitor, Cl, 
set a time constant (1 ms) that falls between a short (0.5 
ms) and a long (2 ms) transmitted pulse option. For 
pulses longer than 1 ms, the first inverter will pull low 
momentarily once each frame. Repetitive discharges of 
C2 prevent it from ever reaching threshold (V + /2) 
because the R1 C2 time constant is set longer (70 ms) 
than the frame period. With the inverter input below 
threshold, Q1 will energize the load. For analog output 
pulses shorter than 1 ms, the first inverter will back bias 
D1 allowing C2 to ramp past threshold and Q1 to go off. 
For extra output drive, the remaining inverters in the 
package can be paralleled to drive Q1. Alternatively, for 
light loads Q1 can be eliminated altogether. 


SYNC TIMER 
(LM1872 PIN 13) 

RECONSTRUCTED 
DETECTOR OUTPUT 
(MM74C164 PIN 8) 

LM1872 CH 1 OUTPUT 
ANALOG 1 
ANALOG 2 
ANALOG 3 
ANALOG 4 
ANALOG 5 
ANALOG 6 


n n n n n n n. 



EJULJLJLJUl 


10 jus- 


-|l^» — 10 fjs 


a) Six Channel Timing Diagram 

V+ = 6V 



b) Six Channel Auxiliary Decoder 
FIGURE 12. Deriving Six Analog Channels 
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Where only one of the two available analog channels 
needs conversion to a digital format, the LM555 ap- 
proach offers simplicity combined with up to 150 mA of 
output drive (Figure 14). The trailing edge of CH Ts out- 
put pulse is used to reset the timer in preparation for 
comparing CH 2’s pulse width to the time constant (1.1 
ms) set by the internal 10k resistor and Cl. For CH 2 
pulse widths greater than 1.1 ms Cl ramps to threshold, 


setting an internal latch in the LM555 and causing the 
load to be energized. Due to the timing of the reset pulse, 
however, the LM555 output will go high again for 1.1 ms 
during the next pulse comparison cycle thus producing 
an ON state duty cycle of about 95%. For most common- 
ly encountered loads such as motors, solenoids, lamps, 
and horns, this is of little consequence. The OFF state 
duty cycle is 100%. 


V + = 6V 



FIGURE 13. Conversion of an Analog Channel 
to a Digital (On/Off) Channel ; 



FIGURE 14. Simple Conversion of an Analog to a Digital Channel 
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Applications (Continued) 

Bridge Driving a Motor 

The two digital channels can be used to propel a car for- 
ward, off, and reverse without the need for a costly servo 
(Figure 16). The 100 mA digital output capability is used to 
drive a bridge of four transistors with Q5 added as a protec- 
tion device. Should an erroneous command to power both 
sides of the bridge occur (as may happen due to noise with 
the car out of range) the large motor drive transistors would 
fight one another resulting in the thermal destruction of 
one or more of those devices. But Q5 will disable the left 
side of the bridge whenever the right side is powered 
preventing the problem from ever occurring. The motor 
noise suppression network shown has proven to be 
especially effective in reducing electrical noise and is 
therefore highly recommended. 

Noise Integration of a Digital Channel 

Commonly available inexpensive DC motors are a for- 
midable source of electromagnetic interference. Radia- 


tion can come from the power feed leads and/or directly 
from the brushes. Usually proper lead dress and board 
orientation coupled with a good filter network (see Figure 
16) will eliminate any problems. In particularly stubborn 
cases of motor interference, the digital channels may ex- 
perience more objectionable interference than the 
analog channels. This is generally not because the 
digital channels are more susceptible, but rather 
because the type of load they typically drive (i.e. a horn) 
will make more of a nuisance of itself than a typical 
analog load (i.e. a steering servo) when subjected to 
interference. 

Straightforward time integration of the digital channel out- 
puts works very well with any type or degree of motor in- 
terference. The simple circuits of Figure 77integrate over a 
period of about three frames (70 ms) and have approximate- 
ly equal delay either going off or coming on. 




FIGURE 15. Interfacing Directly to Standard Hobby Servos 
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National 

Semiconductor 


Industrial Blocks 


LM2907, LM2917 Frequency to Voltage Converter 


General Description 

The LM2907, LM2917 series are monolithic frequency 
to voltage converters with a high gain op amp/compara- 
tor designed to operate a relay, lamp, or other load when 
the input frequency reaches or exceeds a selected rate. 
The tachometer uses a charge pump technique, and 
offers frequency doubling for low ripple, full input 
protection in two versions (LM2907-8, LM2917-8) 
and its output swings to ground for a zero frequency 
input. 1 

Advantages 

■ Output swings to ground for zero frequency input 
o Easv to use; Vhiit = fiN x Vqq x R1 x Cl 

■ Only one RC network provides frequency doubling 

■ Zener regulator on chip allows accurate and stable 
frequency to voltage or current conversion. (LM2917) 

Features 

■ Ground referenced tachometer input interfaces 
directly with variable reluctance magnetic pickups 

b Op amp/comparator has floating transistor output 

■ 50 mA sink or source to operate relays, solenoids, 
meters, or LEDs 


■ Frequency doubling for low ripple 

■ Tachometer has built-in hysteresis with either differ- 
ential input or ground referenced input 

■ Built-in zener on LM291 7 

■ ±0.3% linearity typical 

■ Ground referenced tachometer is fully protected 
from damage due to swings above V cc and below 
ground 

Applications 

■ Over/under speed sensing 

n Frequency to voltage conversion (tachometer) 

■ Speedometers 

■ Breaker point dwell meters 

■ Hand-held tachometer 

■ Speed governors 

■ Cruise control 

a Automotive door lock control 

■ Clutch control 

■ Horn control 

■ Touch or sound switches 


Block and Connection Diagrams Dual-ln-Line Packages, Top Views 



Order Number LM2907N-8 
See NS Package N08B 
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Order Number LM2917N-8 
See NS Package N08B 
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Order Number LM2907J 
See NS Package J14A 
Order Number LM2907N 
See NS Package N14A 


Order Number LM2917J 
See NS Package J14A 
Order Number LM2917N 
See NS Package N14A 
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LM2907, LM2917 


Absolute Maximum Ratings (Note 1) 


Supply Voltage 

Supply Current (Zener Options) 
Collector Voltage 
Differential Input Voltage 
Tachometer 
Op Amp/Comparator 


Input Voltage Range 

Tachometer LM2907-8, LM291 7-8 ±28V 

LM2907, LM2917 0.0V to +28V 

Op Amp/Comparator 0.0V to +28V 

Power Dissipation / 500 mW 

Operating Temperature Range — 40°C to +85°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics v cc = 12 v DC , t a = 25 c, see test circuit 

PARAMETER | CONDITIONS \~ 


TACHOMETER 


Input Thresholds 
Hysteresis 

Offset Voltage 

LM2907/LM291 7 
LM2907-8/LM2917-8 

Input Bias Current 

Voh 

Pin 2 

Vql 

Output Current; l 2/ I3 
Leakage Current; l 3 
Gain Constant, K 
Linearity 




V IN = 250 mVp-p @ 1 kHz (Note 2) 
V, N = 250 mVp-p @ 1 kHz (Note 2) 
V IN = 250 mVp-p @ 1 kHz (Note 2) 

V, N = ±50 mV DC 

V, N = +125 mV DC (Note 3) 

V 1N =-125 mV DC (Note 3) 

V2 = V3 = 6.0V (Note 4) 

12 = 0, V3 = 0 
(Note 3) 

f 1 m = 1 kHz, 5 kHz, 10 kHz, (Note 5) 


±10 

±15 

30 

±40 


3.5 

10 


5 

15 


0.1 

8.3 

1 


2.3 


140 

180 

240 

0.1 

0.9 

1.0 

•1.1 

-1.0 

0.3 

+l!0 




^ drop ~ 47012 


Input Common-Mode Voltage 
Voltage Gain 
Output Sink Current 
Output Source Current 
Saturation Voltage 


ZENER REGULATOR 


Regulator Voltage 
Series Resistance 
Temperature Stability 


TOTAL SUPPLY CURRENT 


Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a 
thermal resistance of 175° C/W junction to ambient for package 22 and 16 or a thermal resistance of 187° C/W junction to ambient for package 20. 
Note 2: Hysteresis is the sum +Vjh— (-V y^), offset voltage is their difference. See test circuit. 

Note 3: Vqh is equal to 3/4 x \'cc ~ 1 V E3E» ^OL ' S CCiUa, t0 x V CC — 1 V BE therefore Vqh — Vql = Vqq/2. The difference, Vqh _ 
VoL/ and the mirror gain, I2/I3/ are the two factors that cause the tachometer gain constant to vary from 1 .0. 

Note 4: Be sure when choosing the time constant R1 x Cl that R1 is such that the maximum anticipated output voltage at pin 3 can be reached 
with I3 x R1. The maximum value for R1 is limited by the output resistance of pin 3 which is greater than 10 Mfl typically. 

Note 5: Nonlinearity is defined as the deviation of V out (@ pin 3) for f jfsj = 5 kHz from a straight line defined by the Vqut @ 1kHz and VquT 
@ 10 kHz. Cl = 1000 pF, R1 = 68k and C2 = 0.22 mFd. 



15 

V 

r2 

mV/°C 

6 

mA 
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CM 


Typical Performance Characteristics (Continued) 



Tachometer Linearity 
vs Temperature 
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I = 200 H 
“ R1 = 70k 
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Tachometer Linearity vs R1 




Op Amp Output Transistor 
Characteristics 
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vs Temperature 
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f = 1000 Hz 

- R1 = 70k 
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Tachometer Input Hysteresis 
vs Temperature 
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Op Amp Output Transistor 
Characteristics 
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General Description (Continued) 

The op amp/comparator is fully compatible with the 
tachometer and has a floating transistor as its output. 
This feature allows either a ground or supply referred 
load of up to 50 mA. The collector may be taken above 
V cc up to a rnax i mum V CE of 28V. 

The two basic configurations offered include an 8-pin 
device with a ground referenced tachometer input and 
an internal connection between the tachometer output 
and the op amp non-inverting input. This version is 
well suited for single speed or frequency switching or 
fully buffered frequency to voltage conversion 
applications. 


Test Circuit and Waveform 



Applications Information 

The LM2907 series of tachometer Circuits is designed 
for minimum external part count applications and 
maximum versatility. In order to fully exploit its 
features and advantages let's examine its theory of 
operation. The first stage of operation is a differential 
amplifier driving a positive feedback flip-flop circuit. 
The input threshold voltage is the amount of differen- 
tial input voltage at which the output of this stage 
changes state. Two options (LM2907-8, LM2917-8) 
have one input internally grounded so that an input 
signal must swing above and below ground and exceed 
the input thresholds to produce an output. This is 
offered specifically for magnetic variable reluctance 
pickups which typically provide a single-ended ac 
output. This single input is also fully protected against 
voltage swings to ±28V, which are easily attained with 
these types of pickups. 

The differential input options (LM2907, LM2917) 
give the user the option of setting his own input 
switching level and still have the hysteresis around that 
level for excellent noise rejection in any application. 
Of course in order to allow the inputs to attain common- 
mode voltages above ground, input protection is removed 


The more versatile configurations provide differential 
tachometer input and uncommitted op amp inputs. 
With this version the tachometer input may be floated 
and the op amp becomes suitable for active filter condi- 
tioning of the tachometer output. 

Both of these configurations are available with an active 
shunt regulator connected across the power leads. The 
regulator clamps the supply such that stable frequency 
to voltage and frequency to current operations are 
possible with any supply voltage and a suitable resistor. 


lacnometer input i iire^iiuiu meuou. u ...:r,; 


V2 



V IN TACHOMETER 


and neither input should be taken outside the limits of 
the supply voltage being used. It is very important 
that an input not go below ground without some resis- 
tance in its lead to limit the current that will then flow 
in the epi-substrate diode. 

Following the input stage is the charge pump where the 
input frequency is converted to a dc voltage. To do this 
requires one timing capacitor, one output resistor, and 
an integrating or filter capacitor. When the input stage 
changes state (due to a suitable zero crossing or differ- 
ential voltage on the input) the timing capacitor is either 
charged or discharged linearily between two voltages 
whose difference is V cc /2. Then in one half cycle of 
the input frequency or a time equal to 1/2 f )N the 
change in charge on the timing capacitor is equal to 
V cc /2 x Cl. The average amount of current pumped 
into or out of the capacitor then is: 

AQ V cc 

“ *c(AVG) - Cl x — — x (2f| N ) - V cc X f, N X Cl 

The output circuit mirrors this current very accurately 
into the load resistor R1, connected to ground, such that 
if the pulses of current are integrated with a filter 


9 
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LM2907, LM2917 


Applications Information (Continued) 

capacitor,, then, V 0 = i c x R1, and the total conver- 
sion equation becomes: 

V q = V qq x f i tsi x Cl x Rl x K 

Where K is the gain constant— typically 1 .0. 

The size of C2 is dependent only on the amount of 
ripple voltage allowable and the required response time. 


however response time, or the time it takes V OUT to 
stabilize at a new voltage increases as the size of C2 
increases so a compromise between ripple, response 
time, and linearity must be chosen carefully. 

As a final consideration, the maximum attainable input 
frequency is determined by V cc , Cl and l 2 : 


CHOOSING Rl AND Cl 


There are some limitations on the choice of Rl and Cl 
which should be considered for optimum performance. 
The timing capacitor also provides internal compensa- 
tion for the charge pump and should be kept larger than 
100 pF for very accurate operation. Smaller values can 
cause an error current on Rl, especially at low tempera- 
tures. Several considerations must be met when choosing 
Rl. The output current at pin 3 is internally fixed and 
therefore V 0 /R1 must be less than or equal to this value. 
If Rl is too large, it can become a significant fraction of 
the output impedance at pin 3 which degrades linearity. 
Also output ripple voltage must be considered and the 
size of C2 is affected by R 1 . An expression that describes 
the ripple content on pin 3 for a single R1C2 combin- 
ation is: 


V cc Cl / 

= X — x 1 - 

2 , C2 \ 


Vcr xfiM x Cl \ 


pk— pk 


It appears Rl can be chosen independent of ripple, 


u 


Cl x V C c 


USING ZENER REGULATED OPTIONS (LM2917) 

For those applications where an output voltage or 
current must be obtained independent of supply voltage 
variations, the LM2917 is offered. The most important 
consideration in choosing a dropping resistor from the 
unregulated supply to the device is that the tachometer 
and op amp circuitry alone require about 3 mA at the 
voltage level provided by the zener. At low supply 
voltages there must be some current flowing in the 
resistor above the 3 mA circuit current to operate the 
regulator. As an example, if the raw supply varies from 
9 to 16V, a resistance of 47012 will minimize the zener 
voltage variation to 160 mV. If the resistance goes under 
40012 or over 60012 the zener variation quickly rises 
above 200 mV for the same input variation. 


Typical Applications 

Minimum Component Tachometer 



f|N(RPM) 


Zener Regulated Frequency to Voltage Converter 


Vcc 


1 

"Speed Switch" Load is Energized When f||\j > 

2RC 


ESafiS 

■ 
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H 
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Typical Applications (Continued) 


Two-Wire Remote Speed Switch 


7 6 5 


1 2 3 


Tft 


100 Cycle Delay Switch 




V3 steps up in voltage by the amount 

C2 

for each complete input cycle (2 zero crossings) 
Example: 

If C2 = 200 Cl after 100 consecutive input cycles. 
V3 = 1/2 V cc 


Variable Reluctance Magnetic Pickup Buffer Circuits 


Precision two-shot output frequency equals 

VCC Cl V C f 

twice input frequency. Pulse width = — . <p 

Pulse height = V ZENER . - L 


s&z 


VARIABLE 
RELUCTANCE 
MAGNETIC 
* PICKUP 




RELUCTANCE I 
MAGNETIC I I 
PICKUP — Tjl 


F \ru 
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Typical Applications (Continued) 


Changing the Output Voltage for an Input Frequency of Zero 


■O 10V 



0 ZERO SPEED 
V VOLTAGE REFERENCE 



Changing Tachometer Gain Curve 
or Clamping the Minimum Output Voltage 






LM2907, LM2917 


Anti-Skid Circuit Functions 


"Select-Low" Circuit 




VquT ,s proportional to the lower 
of the two input wheel speeds. 


"Select-High" Circuit 




VquT is proportional to the higher 
of the two input wheel speeds. 


"Select-Average" Circuit 
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Equivalent Schematic Diagram 
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LM3080/LM3080A 



National 

Semiconductor 


Industrial Blocks 


LM3080/LM3080A 

Operational Transconductance Amplifier 


General Description 

The LM3080 is a programmable transconductance block 
intended to fulfill a wide variety of variable gain applica- 
tions. The LM3080 has differential inputs and high 
impedance push-pull outputs.* The device has high input 
impedance and its transconductance (gm) is directly 
proportional to the amplifier bias current Oabc)- 

High slew rate together with programmable gain make 
the LM3080an ideal choice for variable gain applications 
such as sample and hold, multiplexing, filtering, and 
multiplying. 


The LM3080AH and LM3080AJ are guaranteed over 
the temperature range -55° C to +125°C; the LM3080N, 
LM3080H, LM3080AN and LM3080J are guaranteed 
from 0°C to +70°C. 

Features 

■ Slew Rate (unity gain compensated): 50 V/jus 

■ Fully Adjustable Gain: 0 to gm Rl limit 

■ Extended gm Linearity: 3 decades 

■ Flexible Supply Voltage Range: ±2V to ± 18V 

■ Adjustable Power Consumption 


Schematic and Connection Diagrams 



Dual-ln-Line Package 



Order Number LM3080AJ or LM3080J 
See NS Package J08A 

Order Number LM3080AN 
See NS Package N08B 
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Absolute Maximum Ratings 

Supply Voltage (Note 2) 

LM3080 

±18 V 

LM3080A 

±22 V 

Power Dissipation 

250 mW 

Differential Input Voltage 

±5 V 

Amplifier Bias Current (Iabc) 

2 mA 

DC Input Voltage 

+Vg to —Vs 

Output Short Circuit Duration 

Indefinite 

Operating Temperature Range 

LM3080N, LM3080H, LM3080AN 

or LM3080J 

0°C to +70° C 

LM3080AH or LM3080AJ 

-55°C to +1 25°C 

Storage Temperature Range 

-65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 

300°C 


Electrical Characteristics (Note 1) 


raranielei 

OnnHitinn? 

| LM3080 

| LM3080A 

Units 

iviin. 

lyp. 

rr. 

max. 

rz7. 

mm. 

1 

• YV- 

1 | 

Input Offset Voltage 



0.4 

5 


0.4 

2 

mV 


Over Specified Temperature Range 



6 



5 

mV 


1 ABC = 5 AiA 


0.3 



0.3 

2 

mV 

Input Offset Voltage Change 

5/iA < 1 abc ^ 500 nA 


0.1 



0.1 

3 

mV 

Input Offset Current 



0.1 

0.6 


0.1 

0.6 

ma 

Input Bias Current 



0.4 

5 


0.4 

5 

ma 


Over Specified Temperature Range 


1 

7 


1 

8 

AiA 

Forward Transconductance (gm) 


6700 

9600 

13000 

7700 

9600 

12000 

Aimho 


Over Specified Temperature Range 

5400 

I 


4000 



Atmho 

Peak Output Current 

R|_ = 0. Ubc = 5 A/ A 


5 


3 

5 

7 

liA 


R L = 0 

350 

500 

650 

350 

500 

650 

AiA 


R l = 0 

Over Specified Temperature Range 

300 



300 



AiA 

Peak Output Voltage 









Positive 

R L = °°, 5 AiA ^ 1 abc ^ 500 /i A 

+12 

+ 14.2 


+12 

+ 14.2 


V 

Negative 

R L = °° ( 1 abc ^ 500 a*A 

-12 

-14.4 


-12 

-14.4 


V 

Amplifier Supply Current 



1.1 



1.1 


mA 

Input Offset Voltage Sensitivity 







: 


Positive 

aVqffset/AV+ 

! 

20 

150 


20 

150 

A iV/V 

Negative 

AV OFFSEt/AV- 

1 

20 

150 


20 

150 

A iV/V 

Common Mode Rejection Ratio 


80 

110 


80 

110 


dB 

Common Mode Range 


±12 

±14 


±12 

±14 


v 

Input Resistance 


10 

26 


10 

26 


kn 

Magnitude of Leakage Current 

•abc = 0 


0.2 

100 


0.2 

5 

nA 

Differential Input Current 

•abc = Input = ±4 V 


0.02 

100 


0.02 

5 

nA 

Open Loop Bandwidth 



2 



2 


MHz 

Slew Rate 

Unity Gain Compensated 


50 



50 


V/Ais 


Note t : These specifications apply for Vs = ±15 V and Ta = 25°C, amplifier bias current OabC* = 500 nA, unless otherwise specified. 
Note 2: Selections to supply voltage above ±22V, contact the factory. 
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S Typical Performance Characteristics 
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LM3909 


National 

£A Semiconductor 


Industrial Blocks 


LM3909 LED Flasher/Oscillator 

General Description F 


The LM3909 is a monolithic oscillator specifically 
designed to flash Light Emitting Diodes. By using the 
timing capacitor for voltage boost, it delivers pulses of 
2 or more volts to the LED while operating on a supply 
of 1.5V or less. The circuit is inherently self-starting, 
and requires addition of only a battery and capacitor 
to function as a LED flasher. 

Packaged in an 8-lead plastic mini-DIP, the LM3909 
will operate over the extended consumer temperature 
range of ~25°C to +70°C. It has been optimized for low 
power drain and operation from weak batteries so that 
continuous operation life exceeds that expected from 
battery rating. 

Application is made simple by inclusion of internal 
timing resistors and an internal LED current limit 
resistor. As shown in the first two application circuits, 
the timing resistors supplied are optimized for nominal 
flashing rates and minimum power drain at 1.5V and 3 V. 

Timing capacitors will generally be of the electrolytic 
type, and a small 3V rated part will be suitable for any 
LED flasher using a supply up to 6V. However, when 
picking flash rates, it should be remembered that some 
electrolytics have very broad capacitance tolerances, for 
example -20% to +100%. 


Schematic Diagram 


Features 

■ Operation over one year from one C size flashlight 
cell 

■ Bright, high current LED pulse 

■ Minimum external parts 

■ Low cost 

■ Low voltage operation, from just over IV to 5V 

■ Low current drain, averages under 0.5 mA during 
battery life 

h Powerful; as an oscillator directly drives an 8f2 speaker 

■ Wide temperature range 


Applications 


Finding flashlights in the dark, or locating boat 
mooring floats 

Sales and advertising gimmicks 

Emergency locators, for instance on fire extinguishers 

Toys and novelties 

Electronic applications such as trigger and sawtooth 
generators 

Siren for toy fire engine, (combined oscillator, speaker 
driver) 

Warning indicators powered by 1.4 to 200V 


Connection Diagram 


Dual-1 n-Line Package 


Typical 1.5V Flasher 




FAST 

RC TOP VIEW 

Order Number LM3909N 
See NS Package N08B 


Typical Application 

(See applications notes on page 9-153) 

Triac Trigger 



Provides 40 mA. 10/js pulses at 
about 8 kHz. Triac gate may be 
pulse transformer isolated if 
desired. 


-1.4V FROM BATTERY OR 
SOUR CELL WITH 5>iF 
BYPASS CAPACITOR. 0RAIN 
NOMINALLY 5 mA. 
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Absolute Maximum Ratings 

Power Dissipation 
V + Voltage 

Operating Temperature Range 


500 mW 
6.4V 

-25°C to +70°C 


Electrical Characteristics 


PARAMETER 


Supply Voltage 

Operating Current 

Flash Frequency 

High Flash Frequency 

Compatible LED Forward Drop 

Peak LED Current 

Pulse Width 


CONDITIONS 

(Applications Note 3) 


(In Oscillation) 


300/jF, 5% Capacitor 

0.30/iF, 5% Capacitor 

1 mA Forward Current 

350jl/F Capacitor 

350juF Capacitors at 1/2 

Amplitude 


Additional Typical Applications (See applications notes below.) 


Warning Flasher 
High Voltage Powered 


Typical Operating Conditions 




30CUF 
3 V 

Note. Nominal flash rate- 1 Hz. 


V + 

NOMINAL 

FLASH Hz 

C T 

Rs 

Rfb 

V RANGE 

6V 

2 

400/UF 

Ik 

1.5k 

5— 25V 

15V 

2 

180liF 

3.9k 

Ik 

13-50V 

100V 

1.7 

1 80u F 

43k 

1W 

Ik 

85-200V 



1.0 1.1 1.2 1.3 1.4 1.5 1.6 

BATTERY VOLTAGE (V) 


Estimated Battery Life 
(Continuous 1.5V Flasher Operation) 



TYPE | 


STANDARD 

ALKALINE 

AA 

3 months 

6 months 

C 

7 months 

15 months 

D 

1.3 years 

2.6 years 


Note: Estimates are made from our tests and 
manufacturers data. Conditions are fresh bat- 
teries and room temperature. Clad or "leak- 
proof” batteries are recommended for any 
application of five months or more. Nickel 
Cadmium cells are not recommended. 


APPLICATIONS NOTES 


Note 1: All capacitors shown are electrolytic unless marked otherwise. 

Note 2: Flash rates and frequencies assume a ±5% capacitor tolerance. Electrolytics may vary -20% to +100% of their stated value. 

Note 3: Unless noted, measurements above are made with a 1.4V. supply, a 25°C ambient temperature, and a LED with a forward drop of 1.5V to 
1.7V at 1 mA forward current. 

Note 4: Occasionally a flasher circuit will fail to oscillate due to a LED defect that may be missed because it only reduces light output 10% or so. 
Such LEDs can be identified by a large increase in conduction between 0.9V and 1.2V. 
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Typical Applications (Continued) (See applications notes on page 9-153) 


3V Flasher 


Minimum Power at 1.5V 


Fast Blinker 



3V 




Note: Nominal flash rate: 1 Hz. Average Iqrain = 0.77 mA. 


Note: Nominal flash rate: 1.1 Hz. Average l 0RAlN = 0 32 mA. 


Note: Nommalflash rate 2.6 Hz. Average I URAIN = 1.2 


Flashlight Finder 


200*jF 
3 V 




/ 



TRANSLUCENT 



Note: Winking LEO inside, locates light 
in total darkness. 


Note: LM3909, capacitor, and LED are installed in a white translucent cap on the flashlight's back end. Only one contact strip 
fin addition to the case connection) is needed for flasher power. Drawing current through the bulb simplifies wiring and causes 
negligible loss since bulb resistance cold is typically less than 2ll. 


4 Parallel LEDs 



High Efficiency Parallel Circuit 



1 kHz Square Wave Oscillator 

» I’ l« 


1 p 

2k 


OUT 



Note: Output voltage through a 
10k load to ground. 






Typical Applications (Continued) (See applications notes on page 9-153) 


"Buzz Box" Continuity and Coil Checker 

\ 7 12-1652 

1 | SPEAKER 


Variable Flasher 


I 8 l 7 I 6 » s . test 

I PROBES 


I 1 I 

• fliffprpnrp^ hptwppn charts, coils, and a few ohms of resistance can be heard. 



1 


Note: Flash rate: 0-20 Hz. 


Incandescent Bulb Flasher 



Note: High efficiency, 4 mA drain. 

Note: Continuous appearing light obtained by supplying 
short, high current, pulses (2 kHz) to LEOs with higher 
than battery voltage available. 



Note: Flash rate: 1.5 Hz. 


Emergency Lantern/Flasher 



Note: Nominal flash rate: 1.5 Hz. 
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National 

Semiconductor 
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LM3911 Temperature Controller 


General Description 

The LM3911 is a highly accurate temperature measure- 
ment and/or control system for use over a — 25°C to 
+85°C temperature range. Fabricated on a single mono- 
lithic chip, it includes a temperature sensor, a stable 
voltage reference and an operational amplifier. 

The output voltage of the LM3911 is directly propor- 
tional to temperature in degrees Kelvin at 10 mV/°K. 
Using the internal op amp with external resistors any 
temperature scale factor is easily obtained. By 
connecting the op amp as a comparator, the output will 
switch as the temperature transverses the set-point 
making the device useful as an on-off temperature 
controller. 

An active shunt regulator is connected acrossHhe power 
leads of the LM3911 to provide a stable 6.8V voltage 
reference for the sensing system. This allows the use of 
any power supply voltage with suitable external resistors. 

The input bias current is low and relatively constant 
with temperature, ensuring high accuracy when high 
source impedance is used. Further, the output collector 
can be returned to a voltage higher than 6.8V allowing 
the LM3911 to drive lamps and relays up to a 35V 
supply. 


The LM3911 uses the difference in emitter-base voltage 
of transistors operating at different current densities as 
the basic temperature sensitive element. Since this out- 
put depends only on transistor matching the same 
reliability and stability as present op amps can be 
expected. 

The LM3911 is available in two package styles, a metal 
can TO-46 and an 8-lead epoxy mini-DIP. In the epoxy 
package all electrical connections are made on one side 
of the device allowing the other 4 leads to be used for 
attaching the LM3911 to the temperature source. The 
LM3911 is rated for operation over a -25°C to +85°C 
temperature range. 

Features 

■ Uncalibrated accuracy ±10°C 

■ Internal op amp with frequency compensation 

■ Linear output of 10 mV/°K (10 mV/°C) 

■ Can be calibrated in degrees Kelvin, Celsius or 
Fahrenheit 

■ Output can drive loads up to 35V 

■ Internal stable voltage reference 

■ Low cost 


Block Diagram 



Typical Applications 


Proportioning Temperature Controller 
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Absolute Maximum Ratings 

Supply Current (Externally Set) 10 mA 

Output Collector Voltage, V ++ 36V 

Feedback Input Voltage Range 0V to +7.0V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range -25°C to +85°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note i> 





| PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

| SENSOR 1 

Output Voltage 

T a = -25°c, (Note 2) 

2.36 

2.48 

2.60 

V 

Output Voltage 

T a = 25° C, (Note 2) 

2.88 

2.98 

. 3.08 

V 

Output Voltage 

T a = 85°C, (Note 2) 

3.46 

3.58 

3.70 

V 

Linearity 

Long-Term Stability 

AT = 100°C 


0.5 

. 0.3 

2 

% 

% 

Repeatability 



0.3 


% 

VOLTAGE REFERENCE j 

Reverse Breakdown Voltage 

1 mA< l z <5mA 

6.55 

6.85 

7.25 

V 

Reverse Breakdown Voltage 

Change With Current 

1 mA < l z < 5 mA 


1U 

35 

mV 

Temperature Stability 



20 

85 

mV 

Dynamic Impedance 

l z = 1 mA 


3.0 


ft 

RMS Noise Voltage 

10 Hz < f < 10 kHz 


30 


AtV 

Long Term Stability 

T a = +85°C 


6.0 


mV 

OP AMP j 

Input Bias Current 

T a = +25° C 


35 

150 

nA 

Input Bias Current 



45 

250 

nA 

Voltage Gain 

R l = 36k, V ++ = 36V 

2500 

15000 


V/V 

Output Leakage Current 

T a = 25°C (Note 3) . 


0.2 

2 

fiA 

Output Leakage Current 

(Note 3) 


1.0 

8 

HA 

Output Source Current 

Vqut < 3.70 

10 



»A 

Output Sink Current 

IV < V OUT < 36V 

2.0 



mA 

Note 1: These specifications apply for -25° C < T/\ < +85°C and 0.9 mA < IsUPPLY ^1-1 rnA unless otherwise specified; Cl < 50 pF. 

Note 2: The output voltage applies to the basic thermometer configuration with the output and input terminals shorted and a load resistance 
of > 1.0 MSI. This is the feedback sense voltage ajid includes errors in both the sensor and op amp. This voltage is specified for the sensor in a 
rapidly stirred oil bath. The output is referred to V . ( 

Note 3: The output leakage current is specified with > 100 mV overdrive. Since this voltage changes with temperature, the voltage drive for 
turn-off changes and is defined as Vqut (with output and input shorted) —100 mV. This specification applies for VquT = 36V. 

Application Hints 






Although the LM3911 is designed to be totally trouble- 
free, certain precautions should be taken to insure the 
best possible performance. 

As with any temperature sensor, internal power dissipa- 
tion will raise the sensor's temperature above ambient. 
Nominal suggested operating current for the shunt 
regulator is 1.0 mA and causes 7.0 mW of power dissi- 
pation. In free, still, air this raises the package tempera- 
ture by about 1.2°K. Although the regulator will operate 
at higher reverse currents and the output will drive loads 
up to 5.0 mA, these higher currents will raise the sensor 
temperature to about 19°K above ambient— degrading 
accuracy. Therefore, the sensor should be operated at 
the lowest possible power level. 

With moving air, liquid or surface temperature sensing, 
self-heating is not as great a problem since the measured 

media will conduct the heat from the sensor. Also, there 
are many small heat sinks designed for transistors which 
will improve heat transfer to the sensor from the sur- 
rounding medium. A small finned clip-on heat sink is 
quite effective in free-air. It should be mentioned that 
the LM391 1 die is on the base of the package and there- 
fore coupling to the base is preferrable. 

The internal reference regulator provides a temperature 
stable voltage for offsetting the output or setting a com- 
parison point in temperature controllers. However, since 
this reference is at the same temperature as the sensor 
temperature changes will also cause reference drift. For 
application where maximum accuracy is needed an 
external reference should be used. Of course, for fixed 
temperature controllers the internal reference is 
adequate. 
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55 Typical Performance Characteristics 
co 

55j* Temperature Conversion Op 


1 CENTIGRADE “ 1 C 
^FAHRENHEIT = T F 
^KELVIN = T K 

T k = T r + 273 


T c = (40 + T f ) - -40 
9 


T F = (40 + T c ) 


Op Amp Input Current 



-55 -35 -15 5.0 25 45 65 85 105 125 
TEMPERATURE (°C) 


Power Supply Current 






















J 


' 

A = 2 

re 

2 





“1 

Z 






z 






z 



i 




0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

DEVICE VOLTAGE (V) 


Output Saturation Voltage 

























A =25° 



/ 

r 




/ 





/ 




/ 





/ 






0 1.0 2.0 3.0 4.0 . 5.0 


SATURATION VOLTAGE (V) 
(REFFERED TO V") 


Thermal Time Constant 
in Stirred Oil Bath 



0 2.0 4.0 6.0 8.0 10 12 14 

TIME (SECONDS) 


Thermal Time Constant in 
Still Air 



n 

I 

I 





n 





ft 

a 






iL 

V 

IV 

1 

INI DjP 











r 







L 








0 2.0 4.0 6.0 8.0 10 12 

TIME (MINUTES) 


Supply Sensitivity 


Device Temperature Rise 


Device Temperature Rise 



4.0 5.0 6.0 1.0 2.0 3.0 4.0 5.0 


SUPPLY SUPPLY 

VOLTAGE (V) CURRENT (mA) 



2.0 4.0 6.0 8.0 10 

SHUNT REGULATOR CURRENT (mA) 



0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

OUTPUT SINK CURRENT (mA) 


Reference Regulation 


Turn “ON" Response 


Amplifier Output Impedance 














— 


-T a = 

25°C- 

r 


z 



A 







SUPPLY CURRENT (mA) 
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Schematic Diagram 


v + 



Typical Applications (Continued) 

Basic Thermometer for Negative Supply 

XTUt 


OUTPUT 

LM3911 

INPUT 




OUTPUT 
10 mV/'K 


► 7.5k Note: Loa( | cufrent t0 GNO is 
supplied through R s 


R s = (V~ - 6.8V) X 10 3 S2 


Basic Thermometer 
for Positive Supply 
15V 



R S = (V - -6.8V)X10 3 <> 


OUTPUT 
10 mV/'K 


External Frequency Compensation 
for Greater Stability when Driving 
Capacitive Loads 


15V 



Operating With External Zener for 
Lower Power Dissipation and Ambient 
Reference 


15V 



Increasing Gain and Output Drive 


15V 



OUTPUT 
10 mV/°K 


Temperature Controller With Hysteresis 



* Output goes positive on temperature increase 
tSet temperature 



9-159 


LM3911 





Typical Applications (Continued) 


Thermometer With Meter Output 



nl *_ (Vz)O.OlAT ** 
" l M (V 2 - 0.01 To) 
2V 

Select l Q < — 



V 2 = Shunt regulator voltage (use 6.85) 
AT = Meter temperature span (°K) 
l M = Meter full scale current (A) 

T 0 = Meter zero temperature (°K) 
l Q = Current through R1, R2, R3 atzero 
meter current (IOajA to 1.0 mA) (A) 

* Values shown for: 

T 0 ■ 300 K. AT =100 K, 
l M = 1.0 mA, l Q = 100 juA 


* * The 0.01 in the above and following equations is in units of V/ K or V/ C, 
and is a result of the basic 0.01V/ K sensitivity of the transducer 


Meter Thermometer With Trimmed Output 



♦Selected as for meter thermometer except To should 
be 5°K more than desired and l Q = 100 /jA 
tCalibratesTo 


Ground Referred Thermometer 


v + 

15V 



(V z )(1QmV)(AT) 

R1 - - 

(V z - 0.01 T 0 ) 
0.01 T o -I q R1 

R2 ‘ i; 
v z 

R3 = — - - R1 - R2 

•q 

V z = Shunt regulator voltage 
AT = Temperature span (°K) 

T 0 = Temperature for zero output (°K) 
V 0 = Full scale output voltage < 10V 
l Q = Current through R I, R2, R3 at zero 
output voltage (typically 100/jA to 
1.0 mA) 


Ground Referred Centigrade Thermometer 


20k 

1% 



Two Terminal Temperature to Current Transducer* 



(v,-IU«T l )(|h- ^)*(<,-«ITh)(^ -<l) 
[t h (Vz-0 01T l )-T l (V z - 0.01T h )| 



R4 


(V 2 - 0.01 T L )(R2) 


( R2H0.01 T L ) 
R1 


V z -0.01 T l 
V R2 

_1_ J 

R2 + R3 



T l - Temperature for l L ( K) 

T h = Temperature for l H ( K) 

V z = Zener voltage (V) 

l L = Low temperature output current (A) 

l H - High temperature output current (A) 


♦Values shown for 1 0UT = 1 mA to 10 mA for lOT to 1 00" F 
t-Set temperature 


10 niV/' C 
OUTPUT 


The 0.01 in the above and following equations 


of V/" K or V/ C, and is a result of the basic 0.01V/ K sensitivity of the transducer 
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Typical Applications (Continued) 


Three-Wire Electronic Thermostat 



d resistors will provide maximum 


temperature stability 


Almost any TRIAC rated 1 


usable with appropriate load. 


Differential Thermometer 


Kelvin Thermometer With 
Ground Referred Output 



Connection Diagram 



Output can swing 3V at -50 /jA 
with low output impedance 


* The 0.01 m the above equation is in units of Ml K or Ml C, and is a result of the basic 0.01 Ml K sensitivity of the transducer 


Dual-In-Line Package 



Order Number LM3911N 
See NS Package N08B 
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National 
Semiconductor 

LM3914 Dot/Bar Display Driver 

General Description 

The LM3914 is a monolithic integrated circuit that 
senses analog voltage levels and drives 10 LEDs, pro- 
viding a linear analog display. A single pin changes the 
display from a moving dot to a bar graph. Current drive 
to the LEDs is regulated and programmable, eliminating 
the need for resistors. This feature is one that allows 
operation of the whole system from less than 3V. 

The circuit contains its own adjustable reference and 
accurate 10-step voltage divider. The low-bias-current 
input buffer accepts signals down to ground, or V , yet 
needs no protection against inputs of 35V above or 
below ground. The buffer drives 10 individual com- 
pactors rofprpnrpH tn thp precision divider. Indication 
non-linearity can thus be held typically to 1/2%, even 
over a wide temperature range. 

Versatility was designed into the LM3914 so that 
controller, visual alarm, and expanded scale functions 
are easily added on to the display system. The circuit 
can drive LEDs of many colors, or low-current incan- 
descent lamps. Many LM3914s can be ''chained'' to form 
displays of 20 to over 100 segments. Both ends of the 
voltage divider are externally available so that 2 drivers 
can be made into a zero-center meter. 

The LM3914 is very easy to apply as an analog meter 
circuit. A 1.2V full-scale meter requires only 1 resistor 
and a single 3V to 15V supply in addition to the 10 
display LEDs. If the 1 resistor is a pot, it becomes the 
LED brightness control. The simplified block diagram 
illustrates this extremely simple external circuitry. 

When in the dot mode, there is a small amount of 
overlap or ''fade'' (about 1 mV) between segments. This 
assures that at no time will all LEDs be “OFF", and 


Industrial Blocks 


thus any ambiguous display is avoided. Various novel 
displays are possible. 

Much of the display flexibility derives from the fact 
that all outputs are individual, DC regulated currents. 
Various effects can be achieved by modulating these 
currents. The individual outputs can drive a transistor as 
well as a LED at the same time, so controller functions 
including “staging" control can be performed. The 
LM3914 can also act as a programmer, or sequencer. 

Features 

■ Drives LEDs, LCDs or vacuum fluorescents 

® Bar or dot display mode externally selectable by user 

■ Expandable to displays of 1 00 steps 

■ Internal voltage reference from 1.2V to 12V 

■ Operates with single supply of less than 3V 

■ Inputs operate down to ground 

■ Output current programmable from 2 to 30 mA 

■ No multiplex switching or interaction between outputs 

■ Input withstands ±35V without damage or false 
outputs 

■ LED driver outputs are current regulated, open- 
collectors 

■ Outputs can interface with TTL or CMOS logic 

■ The internal 10-step divider is floating and can be 
referenced to a wide range of voltages 

The LM3914 is rated for operation from 0°Cto+70°C. 
The LM3914N is available in an 18-lead molded (N) 
package and the LM3914J comes in the 18-lead ceramic 
DIP. 

The following typical application illustrates adjusting of 
the reference to a desired value, and proper grounding 
for accurate operation, and avoiding oscillations. 



Typical Applications ov to 5V Bar Graph Meter 
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Absolute Maximum Ratings 

Power Dissipation (Note 5) Input Signal Overvoltage (Note 3) +35V 

Ceramic DIP (J) 1W Divider Voltage -100 mV to V + 

Molded DIP (N) 625 mW Reference Load Current 10 mA 

Supply Voltage 25V Storage Temperature Range -55°C to +150°C 

Voltage on Output Drivers 25V Lead Temperature (Soldering, 1 0 seconds) 300°C 

Electrical Characteristics (Note i) 

PARAMETER 

CONDITIONS (Note 1) 

MIN 

TYP 

MAX 

UNITS | 

COMPARATOR | 

Offset Voltage, Buffer and First 

0V<Vr L o = V RH |<12V, 


3 

10 

mV 

Comparator ^ 

•led - 1 mA 





Offset Voltage, Buffer and Any Other 

0V<VrlO=Vr H |<12V, 


3 

15 

mV 

Comparator 

•led = 1 mA 





Gain (AIi_ED/AV|n) 

•LfREF) = 2 mA, l L ED = 10mA 

3 

8 


mA/mV 

Input Bias Current (at Pin 5) 

0V< V|N< V + -1.5V 


ib 

50 

nA 

Input Signal Overvoltage 

No Change in Display 

-35 


35 

V 

VOLTAGE-DIVIDER | 

Divider Resistance 

Total, Pin 6 to 4 

mm 


15 

kJ2 

Accuracy 

(Note 2) 



2 

% 

VOLTAGE REFERENCE | 

Output Voltage 

0.1 mA ! < Il(REF) 5; 4 mA, 

1.2 

1.28 

1.34 

V 


V + = V L ED ~ 5V 





Line Regulation 

3V< V + < 18V 


0.01 

0.03 

%/V 

Load Regulation 

0.1 mA < 1 L{ R E F) <4 mA, 


0.4 

2 

% 


V + = V LED = 5V 





Output Voltage Change With 

0°C<Ta<+70°C, 1 |_(r EF) = 1 mA, 


1 


% 

Temperature 

V + = 5V 





Adjust Pin Current 



75 

120 

fiA 

OUTPUT DRIVERS | 

LED Current 

V + = V|_ED = 5V. Il(REF) = 1 mA 

7 

10 

13 

mA 

LED Current Difference (Between 

V|_ED = 5V, IlED = 2 mA 


0.12 

0.4 

mA 

Largest and Smallest LED Currents) 

Vied = 5V, •led = 20 mA 


1.2 

. 3 

mA 

LED Current Regulation 

2V<V|_ed< 17V lLED = 2mA 


0.1 

0.25 

mA 


•LED = 20 mA 


1 

3 

mA 

Dropout Voltage 

•LED(ON) = 20 mA, VlED = 5V, 



1.5 

V 


AILED = 2 mA 





Saturation Voltage 

•LED = 2.0 mA, Il(REF) = 0.4 mA 


0.15 

0.4 

V 

Output Leakage, Each Collector 

(Bar Mode) (Note 4) 


0.1 

10 

juA 

Output Leakage 

(Dot Mode) (Note 4) 





Pins 10-18 



0.1 

10 

juA 

Pin 1 


60 

150 

450 

juA 

| SUPPLY CURRENT * | 

Standby Supply Current 

V + = 5V, Il(REF) = 0.2 mA 


2.4 

4.2 

mA 

(All Outputs Off) 

V + = 20V, IL(REF) = 1.0 mA 


6.1 

9.2 

mA 

1 Note 1: Unless otherwise stated, all specifications apply with the following conditions: 





3 V DC < V + < 20 V DC 

VREF' Vrhi, Vrlo < (V -1.5V) 




, 3Vdc<Vleq<V + 

0V< V| N < V -1.5V 





-0.015V <V RL0 < 12 V DC 

T A = +25° C, l|_(REF) = °- 2 mA ' V LED = 

3.0V, pin 9 connected to pin 3 (Bar Mode). 

—0.015V < V RH | < 12 V DC 






For higher power dissipations, pulse testing is used. 






Note 2: Accuracy is measured referred to +10.000 Vnr at pin 6, with 0.000 Vnp at pin 4. At lower full-scale voltages, buffer and comparator ] 

offset voltage may add significant error. 






Note 3: Pin 5 Input current must be limited to ±3 mA. The addition of a 39k resistor in series with pin 5 allows ±100V signals without damage. 

Note 4: Bar mode results when pin 9 is within 20 mV of V + . Dot mode results when pin 9 is pulled at least 200 mV below V + or left open circuit. 

LED No. 10 (pin 10 output current) is disabled if pin 9 is pulled 0.9V or more below V[_eq. 





Note 5: The maximum junction temperature of the LM3914 is 100°C. Devices must be derated for operation at elevated temperatures. Junction 

j to ambient thermal resistance is 75 C/W for the ceramic DIP (J package) and 120°C/W for the molded DIP (N package). 
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Definition of Terms 


Accuracy: The difference between the observed threshold 
voltage and the ideal threshold voltage for each com- 
parator. Specified and tested with 10V across the internal 
voltage divider so that resistor ratio matching error 
predominates over comparator offset voltage. 

Adjust Pin Current: Current flowing out of the reference 
adjust pin when the reference amplifier is in the linear 
region. 

Comparator Gain: The ratio of the change in output 
current ( I LED ) to the change in input voltage ( V 1 1 \|) 
required to produce it for a comparator in the linear 
region. 

Dropout Voltage: The voltage measured at the current 
source outputs required to make the output current 
fall by 10%. 

Input Bias Current: Current flowing out of the signal 
input when the input buffer is in the linear region. 


LED Current Regulation: The change in output current 
over the specified range of LED supply voltage (V|_ed) 
as measured at the current source outputs. As the 
forward voltage of an LED does not change significantly 
with a small change in forward current, this is equivalent 
to changing the voltage at the LED anodes by the 
same amount. 

Line Regulation: The average change in reference output 
voltage over the specified range of supply voltage (V + ). 

Load Regulation: The change in reference output voltage 
( V r e F ) over the specified range of load current 
Ol(REF))- 

Offset Voltage: The differential input voltage which 
must be applied to each comparator to bias the output 
in the linear region. Most significant error when the 
voltage across the internal voltage divider is small. 
Specified and tested with pin 6 voltage ( V r j_| | > equal 
to pin 4 voltage (Vrlq)* 
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Typical Performance Characteristics 


Supply Current vs 
Temperature 



0 25 50 75 

TEMPERATURE ( C) 


Operating Input Bias 
Current vs Temperature 



0 25 50 75 

TEMPERATURE < 0 


Reference Adjust Pin 
Current vs Temperature 



-25 0 25 50 75 100 

TEMPERATURE ( C) 


> z 
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LED Current-Regulation 



0 5 10 15 20 25 

LED CURRENT (mA) 


Input Current Beyond 
Signal Range (Pin 5) 



-40 -30 -20 -10 0 10 20 30 40 


LED Current vs 
Reference Loading 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

REFERENCE LOAD CURRENT (mA) 


Total Divider Resistance 



-25 0 25 50 75 100 

TEMPERATURE ( C) 


Common-Mode Limits 



0 20 40 GO 80 

TEMPERATURE! C) 


Reference Voltage vs 
Temperature 



0 25 50 75 

TEMPERATURE ( C) 


LED Driver Saturation 
Voltage 



LED Driver Current 
Regulation 



Output Characteristics 



0.2 0.4 0.6 0.8 1.0 

OUTPUT VOLTAGE(V) 


9-166 



Block Diagram (Showing Simplest Application) 



Functional Description 


The simplified LM3914 block diagram is to give the 
general idea of the circuit's operation. A high input 
impedance buffer operates with signals from ground to 
12V, and is protected against reverse and overvoltage 
signals. The signal is then applied to a series of 10 
comparators; each of which is biased to a different 
comparison level by the resistor string. 

In the example illustrated, the resistor string is connected 
to the internal 1.25V reference voltage. In this case, for 
each 125 mV that the input signal increases, a com- 
parator will switch on another indicating LED. This 


resistor divider can be connected between any 2 voltages, 
providing that they are 1.5V below V + and no less than 
V" If an expanded scale meter display is desired, the 
total divider voltage can be as little as 200 mV. Ex- 
panded-scale meter displays are more accurate and the 
segments light uniformly only if bar mode is used. At 
50 mV or more per step, dot mode is usable. 

Internal Voltage Reference 

The reference is designed to be adjustable and develops 
a nominal 1.25V between the REF OUT (pin 7) and 
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Functional Description (Continued) 

REF ADJ (pin 8) terminals. The reference voltage is 
impressed across program resistor R1 and, since the 
voltage is constant, a constant current li then flows 
through the output set resistor R2 giving an output 
voltage of: 



Since the 120 /iA current (max) from the adjust terminal 
represents an error term, the reference was designed to 
minimize changes of this current with V + and load 
changes. 

Current Programming 

A feature not completely illustrated by the block 
diagram is the LED brightness control. The current 
drawn out of the reference voltage pin (pin 7) determines 
LED current. Approximately 10 times this current will 
be drawn through each lighted LED, and this current 
will be relatively constant despite supply voltage and 
temperature changes. Current drawn by the internal 10- 
resistor divider, as well as by the external current and 
voltage-setting divider should be included in calculating 
LED drive current. The ability to modulate LED 
brightness with time, or in proportion to input voltage 
and other signals can lead to a number of novel displays 
or ways of indicating input overvoltages, alarms, etc. 

Mode Pin Use 

Pin 9, the Mode Select input controls chaining of multiple 
LM3914s, and controls bar or dot mode operation. The 
following tabulation shows the basic ways of using this 
input. Other more complex uses will be illustrated in 
the applications. 

Bar Graph Display: Wire Mode Select (pin 9) directly 
to pin 3 (V + pin). 

Dot Display, Single LM3914 Driver: Leave the Mode 
Select pin open circuit. 

Dot Display, 20 or More LEDs: Connect pin 9 of the 
first driver in the series (i.e., the one with the lowest 
input voltage comparison points) to pin 1 of the next 
higher LM3914 driver. Continue connecting pin 9 of 
lower input drivers to pin 1 of higher input drivers for 
30, 40, or more LED displays. The last LM3914 driver 
in the chain will have pin 9 wired to pin 11. All 
previous drivers should have a 20k resistor in parallel 
with LED No. 9 (pin 11 to V[_ed)- 


Mode Pin Functional Description 

This pin actually performs two functions. Refer to the 
simplified block diagram below. 

Block Diagram of Mode Pin Function 


OUTPUT NO. 9 OUTPUT NO. 10 



The voltage at pin 9 is sensed by comparator Cl, nom- 
inally referenced to (V + -100 mV). The chip is in bar 
mode when pin 9 is above this level; otherwise it's in 
dot mode. The comparator is designed so that pin 9 
can be left open circuit for dot mode. 

Taking into account comparator gain and variation in 
the 100 mV reference level, pin 9 should be no more 
than 20 mV below V + for bar mode and more than 
200 mV below V + (or open circuit) for dot mode. In 
most applications, pin 9 is either open (dot mode) or 
tied to V + (bar mode). In bar mode, pin 9 should be 
connected directly to pin 3. Large currents drawn 
from the power supply (LED current, for example) 
should not share this path so that large IR drops are 
avoided. 

Dot Mode Carry 

In order for the display to make sense when multiple 
LM3914s are cascaded in dot mode, special circuitry 
has been included to shut off LED No. 10 of the first 
device when LED No. 1 of the second device comes on. 
The connection for cascading in dot mode has already 
been described and is depicted on the following page. 

As long as the input signal voltage is below the threshold 
of the second LM3914, LED No. 11 is off. Pin 9 of 
LM3914 No. 1 thus sees effectively an open circuit so 
the chip is in dot mode. As soon as the input voltage 
reaches the threshold of LED No. 11, pin 9 of LM3914 
No. 1 is pulled an LED drop (1.5V or more) below 
Vled- This condition is sensed by comparator C2, 
referenced 600 mV below V[_eed- This forces the output 
of C2 low, which shuts off output transistor Q2, ex- 
tinguishing LED No. 10. 
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Mode Pin Functional Description (Continued) 


V|_ED ' s sensed via the 20k resistor connected to pin 11. 
The very small current (less than 100 /iA) that is divert- 
ed from LED No. 9 does not noticeably affect its 
intensity. 

An auxiliary current source at pin 1 keeps at least 
100 juA flowing through LED No. 11 even if the input 
voltage rises high enough to extinguish the LED. This 
ensures that pin 9 of LM3914 No. 1 is held low enough 
to force LED No. 10 off when any higher LED is il- 
luminated. While 100 juA does not normally produce 
significant LED illumination, it may be noticeable 
when using high-efficiency LEDs in a dark environ- 
ment. If this is bothersome, the simple cure is to shunt 
LED No. 1 1 with a 10k resistor. The 1 V IR drop is more 
than the 900 mV worst case required to hold off LED 
No. 10 yet small enough that LED No. 11 does not 
conduct significantly. 

Other Device Characteristics 

The LM3914 is relatively low-powered itself, and since 
any number of LEDs can be powered from about 3V, it 
is a very efficient display driver. Typical standby supply 
current (all LEDs OFF) is 1.6 mA (2.5 mA max). 
However, any reference loading adds 4 times that current 
drain to the v (pin 3) supply input. For example, an 
LM3914 with a 1 mA reference pin load (1.3k), would 
supply almost 10 mA to every LED while drawing only 


10 mA from its V + pin supply. At full-scale, the 1C is 
typically drawing less than 10% of the current supplied 
to the display. 

The display driver does not have built-in hysteresis so 
that the display does not jump instantly from one LED 
to the next. Under rapidly changing signal conditions, 
this cuts down high frequency noise and often an annoy- 
ing flicker. An “overlap" is built in so that at no time 
between segments are all LEDs completely OFF in the 
dot mode. Generally 1 LED fades in while the other 
fades out over a mV or more of range (Note 2). The 
change may be much more rapid between LED No. 10 
of one device and LED No. 1 of a second device 
“chained" to the first. 

The LM3914 features individually current regulated LED 
driver transistors. Further internal circuitry detects when 
any driver transistor goes into saturation, and prevents 
other circuitry from drawing excess current. This results 
in the ability of the LM3914 to drive and regulate Ltus 
powered from a pulsating DC power source, i.e., largely 
unfiltered. (Due to possible oscillations at low voltages a 
nominal bypass capacitor consisting of a 2.2 ijlF solid 
tantalum connected from the pulsating LED supply to 
pin 2 of the LM3914 is recommended.) This ability to 
operate with low or. fluctuating voltages also allows the 
display driver to interface with logic circuitry, opto- 
coupled solid-state relays, and low-current incandescent 
lamps. 


Cascading LM3914s in Dot Mode . 
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Typical Applications (Continued) 




Expanded Scale Meter, Dot or Bar 
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(ie 5-0-5 MAX) 
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Application Example: Grading 5V Regulators 


AAA r— A/W— i 

R3 R4 i. 


This application illustrates that the LED 
supply needs practically no filtering 

Calibration: With a precision meter be- 
tween pins 4 and 6 adjust R1 for voltage 
V0 of 1 .20V. Apply 4.94V to pin 5, and 
adjust R4 until LED No. 5 just lights. 
The adjustments are non-interacting. 


3.40k Ik 
1 % 


HIGHEST NO. 

LED ON 

COLOR 

VOUT(MIN) 

10 
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8 
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5V 1 

5 

Green 
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"Exclamation Point" Display 
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Typical Applications (Continued) 


Indicator and Alarm, Full-Scale Changes Display From Dot to Bar 



0V-1.2V L 


620 $ 


5k < 4 1 

"BRIGHTNESS" S " 

*The input to the Dot-Bar Switch may 
be taken from cathodes of other LEDs. 
Display will change to bar as soon as 
the LED so selected begins to light. 

Bar Display with Alarm Flasher 




Full-scale causes the full bar display to 
flash. If the junction of R1 and Cl is 
connected to a different LED cathode, 
the display will flash when that LED 
lights, and at any higher input signal. 




























Typical Applications (Continued) 


Adding Hysteresis (Single Supply, Bar Mode Only) 

v + 

(5V) 



Operating with a High Voltage Supply (Dot Mode Only) 


3.9k < <3.9k 

>iw 

1IM4002 


The LED currents are approximately 10 
mA, and the LM3914 outputs operate in 
saturation for minimum dissipation. 
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LM3914 


REF REF 

V + r L 0 SIG r HI OUT ADJ MODE 


3.4V* 


This point is partially regulated and 
decreases in voltage with temperature. 

Voltage requirements of the LM3914 
also decrease with temperature. 2N2905 
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4/ 
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Typical Applications (Continued) 


20-Segment Meter with Mode Switch 



Application Hints 


Three of the most commonly needed precautions for 
using the LM3914 are shown in the first typical applica- 
tion drawing (see page 9-108) showing a 0V— 5V bar 
graph meter. The most difficult problem occurs when 
large LED currents are being drawn, especially in bar 
graph mode. These currents flowing out of the ground 
pin cause voltage drops in external wiring, and thus 
errors and oscillations. Bringing the return wires from 
signal sources, reference ground and bottom of the 
resistor string (as illustrated) to a single point very near 
pin 2 is the best solution. 


tively high value resistors. These high-impedance ends 
should be bypassed to pin 2 with at least a 0.001 juF 
capacitor, or up to 0.1 /i F in noisy environments. 

Power dissipation, especially in bar mode should be given 
consideration. For example, with a 5V supply and all 
LEDs programmed to 20 mA the driver will dissipate 
over 600 mW. In this case a 7.512 resistor in series with 
the LED supply will cut device heating in half. The 
negative end of the resistor should be bypassed with a 
2.2 juF solid tantalum capacitor to pin 2 of the LM3914. 


Long wires from V[_ed to LED anode common can 
cause oscillations. Depending on the severity of the 
problem 0.05 juF to 2.2 /iF decoupling capacitors from 
LED anode common to pin 2 will damp the circuit. If 
LED anode line wiring is inaccessible, often similar 
decoupling from pin 1 to pin 2 will be sufficient. 

If LED turn ON seems slow (bar mode) or several LEDs 
light (dot mode), oscillation or excessive noise is usually 
the problem. In cases where proper wiring and bypassing 
fail to stop oscillations, V + voltage at pin 3 is usually 
below suggested limits (see Note 2, page 9-108). Ex- 
panded scale meter applications may have one or both 
ends of the internal voltage divider terminated at rela- 


Turning OFF of most of the internal current sources is 
accomplished by pulling positive on the reference with a 
current source or resistance supplying 100 ji/A or so. 
Alternately, the input signal can be gated OFF with 
a transistor switch. 

Other special features and applications characteristics will 
be illustrated in the following applications schematics. 
Notes have been added in many cases, attempting to 
cover any special procedures or unusual characteristics 
of these applications. A special section called "Applica- 
tion Tips for the LM3914 Adjustable Reference" has 
been included with these schematics. 
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Application Hints (Continued) 

APPLICATION TIPS FOR THE LM3914s ADJUSTABLE REFERENCE 


Greatly Expanded Scale (Bar Mode Only) 

Placing the LM3914s internal resistor divider in parallel 
with a section (~23017) of a stable, low resistance 
divider greatly reduces voltage changes due to 1C resistor 
value changes with temperature. Voltage Vi should be 
trimmed to 1.1V first by use of R2. Then the voltage V 2 
across the 1C divider string can be adjusted to 200 mV, 
using R5 without affecting Vi. LED current will be 
approximately 10 mA. 

Non-Interacting Adjustments for Expanded Scale Meter 
(4.5V to 5V, Bar or Dot Mode) 

This arrangement allows independent adjustment of LED 
brightness regardless of meter span and zero adjustments. 

First, Vi is adjusted to 5V, using R2. Then the span 
(voltage across R4) can be adjusted to exactly 0.5V 
using R6 without affecting the previous adjustment. 

R9 programs LED currents within a range of 2.2 mA to 
20 mA after the above settings are made. 


Greatly Expanded Scale (Bar Mode Only) 



Adjusting Linearity of Several Stacked Dividers 

Three internal voltage dividers are shown connected in 
series to provide a 30-step display. If the resulting analog 
meter is to be accurate and linear the voltage on each 
divider must be adjusted, preferably without affecting 
any other adjustments. To do this, adjust R2 first, so 
that the voltage across R5 is exactly IV. Then the 
voltages across R3 and R4 can be independently adjusted 
by shunting each with selected resistors of 6 k!7 or 
higher resistance. This is possible because the reference 
of LM3914 No. 3 is acting as a constant current source. 

The references associated with LM3914s No. 1 and No. 2 
should have their Ref Adj pins (pin 8) wired to ground, 
and their Ref Outputs loaded by a 62017 resistor to 
qround. This makes available similar 20 mA current 
outputs to all the LEDs in the system. 

If an independent LED brightness control is desired (as 
in the previous application), a unity gain buffer, such as 
the LM310, should be placed between pin 7 and R1, 
similar to the previous application. 


Non-Interacting Adjustments for Expanded Scale Meter 
(4.5V to 5V, Bar or Dot Mode) 


REF REF 

RL0 r HI OUT 10V ADJ 



Adjusting Linearity of Several Stacked Dividers 


LM3914 
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Other Applications 


■ "Slow" — fade bar or dot display (doubles resolution) 

■ 20-step meter with single pot brightness control 

■ 10-step (or multiples) programmer 

■ Multi-step or "staging" controller 

■ Combined controller and process deviation meter 

■ Direction and rate indicator (to add to DVMs) 

■ Exclamation point display for power saving 


Graduations can be added to dot displays. Dimly 
light every other LED using a resistor to ground 
Electronic "meter-relay"— display could be circle or 
semi-circle 

Moving "hole" display— indicator LED is dark, rest of 
bar lit 

Drives vacuum-fluorescent and LCDs using added 
passive parts 


Connection Diagram 


Dual-ln-Line Package 


DIVIDER 
(LOW END) 

5 

SIGNAL INPUT — 

DIVIDER _6 
(HIGH END) 

REFERENCE OUTPUT — 


REFERENCE ADJUST 


MODE SELECT 



LED NO. 10 


TOP VIEW 

Order Number 3914J 
See NS Package J18A 
Order Number LM3914N 
See NS Package N18A 
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LM3915 Dot/Bar Display Driver 

General Description 

The LM3915 is a monolithic integrated circuit that senses 
analog voltage levels and drives ten LEDs, LCDs or ' 
vacuum fluorescent displays, providing a logarithmic 3 I 
dB/step analog display. One pin changes the display from i 
a bar graph to a moving dot display. LED current drive is 
regulated and programmable, eliminating the need for ! 
current limiting resistors. The whole display system can 
operate from a single supply as low as 3 V or as high as 
25V. | 

The 1C contains an adjustable voltage reference and an 
accurate ten-step voltage diviHpr The* hioh-imnedance in- 
put buffer accepts signals down to ground and up to 
within 1.5V of the positive supply. Further, it needs no pro- 
tection against inputs of ± 35V.The input buffer drives 10 
individual comparators referenced to the precision 
divider. Accuracy is typically better than 1 dB. 

The LM3915’s 3 dB/step display is suited for signals with 
wide dynamic range, such as audio level, power, light in- 
tensity or vibration. Audio applications include average 
or peak level indicators, power meters and RF signal 
strength meters. Replacing conventional meters with an 
LED bar graph results in a faster responding, more 
rugged display with high visibility that retains the ease of 
interpretation of an analog display. 

The LM3915 is extremely easy to apply. A 1.2V full-scale 
meter requires only one resistor in addition to the ten 
LEDs. One more resistor programs the full-scale 
anywhere from 1.2V to 12V independent of supply voltage. I 
LED brightness is easily controlled with a single pot. i 


The LM3915 is very versatile.The outputs can drive LCDs, 
vacuum fluorescents and incandescent'bulbs as well as 
LEDs of any color. Multiple devices can be cascaded for a 
dot or bar mode display with a range of 60 or 90 dB. 
LM3915s can also be cascaded with LM3914s for a 
linear/log display or with LM3916s for an extended-range 
VU meter. 

Features 

H 3 dB/step, 30 dB range 

■ Drives LEDs, LCDs, or vacuum fluorescents 

■ Bar or dot display mode externally selectable by user 

■ Expandable to displays of 90 dB 

■ Internal voltage reference from 1.2V to 12V 

■ Operates with single supply of 3V to 25 V 

■ Inputs operate down to ground 

■ Output current programmable from 1 mA to 30 mA 

■ Input withstands ±35V without damage or false 
outputs 

■ Outputs are current regulated, open collectors 

■ Directly drives TTL or CMOS 

■ The internal 10-step divider is floating and can be 
referenced to a wide range of voltages 

The LM3915 is rated for operation from 0 °C to + 70 °C.The 
LM3915N is available in an 18-lead molded DIP package 
and the LM3915J comes in the 18-lead ceramic DIP. 


Typical Applications 


0V to 10V Log Display' 


Cl I 
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LM3915 




V" 

v + 

r lo 

SIG r HI 

REF 

OUT 

REF 

ADJ 

MODE 


V REF = 1.25 V 


Note 1: Capacitor Cl is required if leads to 
the LED supply are 6” or longer. 

Note 2: Circuit as shown is wired for dot 
mode. For bar mode, connect pin 9 to pin 3. 
Vled must be kept below 7V or dropping 
resistor should be used to limit 1C power 
dissipation. 


9-177 


LM3915 




LM3915 


Absolute Maximum Ratings 

Power Dissipation (Note 5) 

Ceramic DIP(J) 

Molded DIP(N) 

Supply Voltage 

Voltage on Output Drivers 

Electrical Characteristics (Note i) 

Input Signal Overvoltage (Note 3) 

1W Divider Voltage 

625 mW Reference Load Current 

25V 

Storage Temperature Range 

25 V 

Lead Temperature (Soldering, 10 seconds) 

± 35V 

-100 mV toV + - 

10 mA 

- 55 °C to + 150°C 

300 °C 

Parameter 

Conditions (Note 1) 

Min 

Typ 

Max 

Units 

Comparators 

Offset Voltage, Buffer and First 

0V<Vrlo = V RH i<12V, 


3 

10 

mV 

Comparator 

Iled = 1 mA 





Offset Voltage, Buffer and Any Other 

0V<Vrlo = V RH i<12V, 


3 

15 

mV 

Comparator 

l LED = 1 mA 





Gain (AI LE d/AV|n) 

k(REF) = 2 mA, 1 led = 10 mA 

3 

8 


mA/mV 

Input Bias Current (at Pin 5) 

0V<V, N <(V + -1.5V) 


10 

50 

nA 

Input Signal Overvoltage 

No Change in Display 

-35 


35 

V 

Voltage-Divider 

Divider Resistance 

Total, Pin 6 to 4 

15 

22 

30 

kfi 

Relative Accuracy (Input Change 

(Note 2) 

2.0 

3.0 

4.0 

dB 

Between Any Two Threshold Points) 






Absolute Accuracy at Each Threshold Point 

(Note 2) 

- 





V iN = -3, - 6 dB 

-0.5 


+ 0.5 

dB 


V, N = -9 dB 

-0.5 


+ 0.65 

dB 


V, N = -12, -15, -18 dB 

-0.5 


+ 1.0 

. dB 


V, N = -21, -24, -27 dB 

-0.5 


+ 1.5 

dB 

Voltage Reference 

Output Voltage 

0.1 mA<l L(REF) <4 mA, 

1.2 

1.28 

1.34 

V 


V + =V led = 5V 





Line Regulation 

3V<V + <18V 


0.01 

0.03 

%/V 

Load Regulation 

0.1 mA<l L (R E p)<4 mA, 


0,4 

2 

% 


V + =V led = 5V 





Output Voltage Change with Temperature . 

0°C<Ta< + 70 °C, l[_(R E F)= 1 mA, 


1 


% 


V + = V led = 5V 





Adjust Pin Current 



75 

120 

m a 

Output Drivers 

LED Current 

v+ = Vled = 5V, Il(ref)= 1 mA 

7 

10 

13 

mA 

LED Current Difference (Between Largest 

V L ed = 5V, l LED = 2mA 


0.12 

0.4 

mA 

and Smallest LED Currents) 

Vled = 5V, Iled = 20 mA 


1.2 

3 

mA 

LED Current Regulation 

2V<V led <17V I L ed = 2 mA 


0.1 

0.25 

mA 


Iled = 20 mA 


1 

3 

mA 

Dropout Voltage 

IleD(ON) = 2GsmA @ V LE p = 5V, 



1.5 

V 


AI L ed = 2 mA 





. Saturation Voltage 

•led = 2.0 mA, Il(REF) = 0-4 mA 


0.15 

0.4 

V 

Output Leakage, Each Collector 

Bar Mode (Note 4) 


0.1 

10 

^A 

Output Leakage 

Dot Mode (Note 4) 





Pins 10-18 



0.1 

10 

m a 

Pin 1 


60 

150 

450 


Supply Current 

Standby Supply Current 

V + = +5V, I l( ref) = 0.2 mA 


2.4 

4.2 

mA 

(All Outputs Off) 

V + = + 20V, l L(REF ) = 1-0 mA 


6.1 

9.2 

mA 
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Notes 

Note 1: Unless otherwise stated, all specifications apply with the following conditions: 

3Vdq<V + <20Vdc -0.015V<Vri_o<12Vqq Ta = 25°C, l|_(REF) = °- 2 mA, P in 9 connected to pin 3 (bar mode). 

3Vqc<Vled^ v + V REF> V RHI- v RLO^ v + “ 15V ) For higher power dissipations, pulse testing is used. 

-0.015V<V RH |<12Vdc 0V<V iN <V + -1.5V 

Note 2: Accuracy is measured referred to 0 dB = + IO.OOOVqq at pin 5, with + IO.OOOVdc a * P |n 6, and O.OOOVdq at pin 4. At lower full scale voltages, buffer 
and comparator offset voltage may add significant error. See table for threshold voltages. 

Note 3: Pin 5 input current must be limited to ±3 mA. The addition of a 39k resistor in series with pin 5 allows ±100V signals without damage. 

Note 4: Bar mode results when pin 9 is within 20 mV of V + . Dot mode results when pin 9 is pulled at least 200 mV below V + . LED #10 (pin 10 output current) 
is disabled if pin 9 is pulled 0.9V or more below Vleq. 

Note 5: The maximum junction temperature of the LM3915 is 100°C. Devices must be derated for operation at elevated temperatures. Junction to ambient • 
thermal resistance is 75°C/W for the ceramic DIP (J package) and 120°C/W for the molded DIP (N package). 

THRESHOLD VOLTAGE (Note 2) 


Output 

dB 

Min 

Typ 

Max 

Output 

dB 

Min 

Typ 

Max 

1 

-27 

0.422 

0.447 

0.531 

6 

-12 

2.372 

2.512 

2.819 

2 

-24 

0.596 

0.631 

0.750 

7 

- 9 

3.350 

3.548 

3.825 

3 

-21 

0.841 

0.891 

1.059 

8 

- 6 

4.732 

5.012 

5.309 

4 

- 18" 

' 1.189 

1.259 

1.413 

9 

- 3 

6.683 

7.079 

7.498 

5 

-15 

1.679 

1.778 

1.995 

10 

0 

9.985 

10 

10.015 


Typical Performance Characteristics 

Supply Current vs 
Temperature 



0 25 50 75 

TEMPERATURE (°C) 

Reference Adjust Pin 
Current vs Temperature 



-25 0 25 50 75 

TEMPERATURE (°C) 

Input Current Beyond 
Signal Range (Pin 5) 



-40 -30 -20 -10 0 10 20 30 40 


Operating Input Bias 
Current vs Temperature 


0 25 50 75 

TEMPERATURE (°C) 

LED Current-Regulation 
Dropout 



0 5 10 15 20 25 

LED CURRENT (mA) 

LED Current vs 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

REFERENCE LOAD CURRENT (mA) 


Reference Voltage vs 
Temperature 



0 25 50 75 

TEMPERATURE (°C) 


LED Driver Saturation 
Voltage 



LED CURRENT (mA) 

LED Driver Current 
Regulation 
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Typical Performance Characteristics (Continued) 


Total Divider Resistance 
vs Temperature 



-25 0 25 50 75 100 


Common-Mode Limits 


5 

o 



0 20 40 GO 80 


TEMPERATURE (°C) 


TEMPERATURE (°C) 


Block Diagram (Showing Simplest Application) 


Output Characteristics 



0.2 0.4 0.6 0.8 1.0 

OUTPUT VOLTAGE(V) 
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Functional Description 

The simplified LM3915 block diagram is included to give 
the general idea of the circuit’s operation. A high input im- 
pedance buffer operates with signals from ground to 12V, 
and is protected against reverse and overvoltage signals. 
The signal is then applied to a series of 10 comparators; 
each of which is biased to a different comparison level by 
the resistor string. 

In the example illustrated, the resistor string is connected 
to the internal 1.25V reference voltage. In this case, for 
each 3 dB that the input signal increases, a comparator 
will switch on another indicating LED. This resistor divider 
can be connected between any 2 voltages, providing that 
they are at least 1.5V below V + and no lower than V". 

Internal Voltage Reference 

The reference is designed to be adjustable and develops a 
nominal 1.25V between the REF OUT (pin 7) and REF ADJ 
(pin 8) terminals. The reference voltage is impressed 
across program resistor R1 and, since the voltage is con- 
stant. a constant current I-, then flows through the output 
set resistor R2 giving an output voltage of: 



Since the 120 i*A current (max) from the adjust terminal 
represents an error term, the reference was designed to 
minimize changes of this current with V + and load 
changes. For correct operation, reference load current 
should be between 80 /jA and 5 mA. Load capacitance 
should be less than 0.05 ^F. 

Current Programming 

A feature not completely illustrated by the block diagram 
is the LED brightness control. The current drawn out of 
the reference voltage pin (pin 7) determines LED current. 
Approximately 10 times this current will be drawn 
through each lighted LED, and this current will be 
relatively constant despite supply voltage and tem- 
perature changes. Current drawn by the internal 
10-resistor divider, as well as by the external current and 
voltage-setting divider should be included in calculating 
LED drive current. The ability to modulate LED brightness 
with time, or in proportion to input voltage and other 
signals can lead to a number of novel displays or ways of 
indicating input overvoltages, alarms, etc. 

The LM3915 outputs are current-limited NPN transistors 
as shown below. An internal feedback loop regulates the 
transistor drive. Output current is held at about 10 times 
the reference load current, independent of output voltage 
and processing variables, as long as the transistor is not 
saturated. 


LM3915 Output Circuit 


PIN 1, PINS 10-18 



Outputs may be run in saturation with no adverse effects, 
making it possible to directly drive logic. The effective 
saturation resistance of the output transistors, equal to 
R e plus the transistors’ collector resistance, is about 500. 
It’s also possible to drive LEDs from rectified AC with no 
filtering. To avoid oscillations, the LED supply should be 
bypassed with a 2.2 ^F tantalum or 10 /iF aluminum elec- 
trolytic capacitor. 

Mnrifi Pin Use 

Pin 9, the Mode Select input, permits chaining of multiple 
LM3915s, and controls bar or dot mode operation. The 
following tabulation shows the basic ways of using this 
input. Other more complex uses will be illustrated in the 
applications. 

Bar Graph Display: Wire Mode Select (pin 9) directly to 
pin 3 (V + pin). 

Dot Display, Single LM3915 Driver: Leave the Mode 
Select pin open circuit. 

Dot Display, 20 or More LEDs: Connect pin 9 of the first 
driver in the series (i.e., the one with the lowest input 
voltage comparison points) to pin 1 of the next higher 
LM3915 driver. Continue connecting pin 9 of lower in- 
put drivers to pin 1 of higher input drivers for 30 or more 
LED displays. The last LM3915 driver in the chain will 
have pin 9 left open. All previous drivers should have a 
20k resistor in parallel with LED #9 (pin 11 to V LED ). 


Mode Pin Functional Description 

This pin actually performs two functions. Refer to the 
simplified block diagram below. 

Block Diagram of Mode Pin Function 


OUTPUT NO. 9 OUTPUT NO. 10 
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Mode Pin Functional Description (Continued) 

Dot or Bar Mode Selection Other Device Characteristics 


The voltage at pin 9 is sensed by comparator Cl, nom- 
inally referenced to (V + - 100 mV).The chip is in bar mode 
when pin 9 is above this level; otherwise it’s in dot mode. 
The comparator is designed so that pin 9 can be left open 
circuit for dot mode. 

Taking into account comparator gain and variation in the 
100 mV reference level, pin 9 should be no more than 
20 mV below V + for bar mode and more than 200 mV 
below V + (or open circuit) for dot mode. In most applica- 
tions, pin 9 is either open (dot mode) or tied to V + (bar 
mode). In bar mode, pin 9 should be connected directly to 
pin 3. Large currents drawn from the power supply (LED 
current, for example) should not share this path so that 
large IR drops are avoided. 

Dot Mode Carry 

In order for the display to make sense when multiple 
LM3915s are cascaded in dot mode, special circuitry has 
been included to shut off LED #10 of the first device when 
LED #1 of the second device comes on. The connection for 
cascading in dot mode has already been described and is 
depicted below. 

As long as the input signal voltage is below the threshold 
of the second LM3915, LED #11 is off. Pin 9 of LM3915 #1 
thus sees effectively an open circuit so the chip is in dot 
mode. As soon as the input Voltage reaches the threshold 
of LED #11, pin 9 of LM3915 #1 is pulled an LED drop (1.5V 
or more) below V LED . This condition is sensed by com- 
parator C2, referenced 600 mV below V L E D .This forces the 
output or C2 low, which shuts off output transistor Q2, 
extinguishing LED #10. 

V LED is sensed via the 20k resistor connected to pin 11. 
The very small current (less than 100 nA) that is diverted 
from LED #9 does not noticeably affect its intensity. 

An auxiliary current source at pin 1 keeps at least 100 ^A 
flowing through LED #11 even if the input voltage rises 
high enough to extinguish the LED. This ensures that pin 9 
of LM3915 #1 is held low enough to force LED #10 off when 
any higher LED is illuminated. While 100 nA does not nor- 
mally produce significant LED illumination, it may be 
noticeable when using high-efficiency LEDs in a dark en- 
vironment. if this is bothersome, the simple cure is to 
shunt LED #11 with a 10k resistor. The IV IR drop is more 
than the 900 mV worst case required to hold off LED #10 
yet small enough . that LED #11 does not conduct 
significantly. 


The LM3916 is relatively low-powered itself, and since any 
number of LEDs can be powered from about 3V, it is a very 
efficient display driver. Typical standby supply current (all 
LEDs OFF) is 1.6 mA. However, any reference loading 
adds 4 times that current drain to the V + (pin 3) supply in- 
put. For example, an LM3916 with a 1 mA reference pin 
load (1.3k) would supply almost 10 mA to every LED while 
drawing only 10 mA from its V + pin supply. At full-scale, 
the 1C is typically drawing less than 10% of the current 
supplied to the display. 

The display driver does not have built-in hysteresis so that 
the display does not jump instantly from one LED to the 
next. Under rapidly changing signal conditions, this cuts 
down high frequency noise and often an annoying flicker. 
An “overlap” is built in so that at no time are all segments 
completely off in the dot mode. Generally 1 LED fades in 
while the other fades out over a mV or more of range. The 
change may be much more rapid between LED #10 of one 
device and LED #1 of a second device “chained” to the 
first. 

Application Hints 

The most difficult problem occurs when large LED 
currents are being drawn, especially in bar graph mode. 
These currents flowing out of the ground pin cause 
voltage drops in external wiring, and thus errors and 
oscillations. Bringing the return wires from signal 
sources, reference ground and bottom of the resistor 
string to a single point very near pin 2 is the best solution. 

Long wires from V LED to LED anode common can cause 
oscillations. Depending on the severity of the problem 
0.05 ^F to 2.2 fxF decoupling capacitors from LED anode 
common to pin 2 will damp the circuit. If LED anode line 
wiring is inaccessible, often similar decoupling from pin 1 
to pin 2 will be sufficient. 

If LED turn ON seems slow (bar mode) or several LEDs 
light (dot mode), oscillation or excessive noise is usually 
the problem. In cases where proper wiring and bypassing 
fail to stop oscillations, V + voltage at pin 3 is usually 
below suggested limits. Expanded scale meter applica- 
tions may have one or both ends of the internal voltage 
divider terminated at relatively high value resistors.These 
. high-impedance ends should be bypassed to pin 2 with at 
lease a 0.001 ^F capacitor, or up to 0.1 juF in noisy 
environments. 


Cascading LM3915s in Dot Mode 



9-182 




Application Hints (Continued) 

Power dissipation, especially in bar mode should be given 
consideration. For example, with a 5V supply and all LEDs 
programmed to 20 mA the driver will dissipate over 600 
mW. In this case a 7.50 resistor in series with the LED sup- 
ply will cut device heating in half. The negative end of the 
resistor should be bypassed with a 2.2 fxF solid tantalum 
capacitor to pin 2. 

Tips on Rectifier Circuits 

The simplest way to display an AC signal using the 
LM3915 is to apply it right to pin 5 unrectified. Since the 
LED illuminated represents the instantaneous value of 
the AC waveform, one can readily discern both peak and 
average values of audio signals in this manner. The 
LM3915 will respond to positive half-cycles only but will 
not be damaged by signals up to ± 35V (or up to ± 100V if 
a 39k resistor is in series with the input). It’s recommend- 
ed to use dot mode and to run the LEDs at 30 mA for high 
enough average intensity. 

True average or peak deieciiui 1 1 cijunco icCtmCaticr;. If or. 
LM3915 is set up with 10V full scale across its voltage 
divider, the turn-on point for the first LED is only 450 mV. A 
simple silicon diode rectifier won’t work well at the low 
end due to the 600 mV diode threshold.The half-wave peak 
detector in Figure 1 uses a PNP emitter-follower in front of 
the diode. Now, the transistor’s base-emitter voltage 
cancels out the diode offset, within about 100 mV. This ap- 
proach is usually satisfactory when a single LM3915 is 
used for a 30 dB display. 


V + (5V TO 25V) 



FIGURE 1. Half-Wave Peak Detector 


C2 



FIGURE 3. Precision Full-Wave Average Detector 


Display circuits using two or more LM3915s for a dynamic 
range of 60 dB or greater require more accurate detection. 
In the precision half-wave rectifier of Figure 2 the effective 
diode offset is reduced by a factor equal to the open-loop 
gain of the op amp. Filter capacitor C2 charges through 
R3 and discharges through R2 and R3, so that appropriate 
selection of these values results in either a peak or an 
average detector. The circuit has a gain equal to R2/R1. 

It’s best to capacitively couple the input. Audio sources 
frequently have a small DC offset that can cause signifi- 
cant error at the low end of the log display. Op amps that 
slew quickly, such as the LF351, LF353 or LF356, are need- 
ed to faithfully respond to sudden transients. It may be 
necessary to trim out the op amp DC offset voltage to ac- 
curately cover a 60 dB range. Best results are obtained if 
the circuit is adjusted for the correct output when a low- 
level AC signal (10 to 20 mV) is applied, rather than ad- 
justing for zero output with zero input. 

For precision full-wave averaging use the circuit in 
Figure ?. i% resistors for R1 through R4, gain for 
positive and negative signal differs by only 0.5 dB worst 
case. Substituting 5% resistors increases this to 2 dB 
worst case. (A 2 dB gain difference means that the display 
may have a ±1 dB error when the input is a nonsym- 
metrical transient).The averaging time constant is R5-C2. 
A simple modification results in the precision full-wave 
detector of Figure 4. Since the filter capacitor is not buf- 
fered, this circuit can drive only high impedance loads 
such as the input of an LM3915. 


1 -n-t T’ 





C2 


T’ 

D1, D2: 1N914 or 1N4148 


□ 

Average 

Peak 

1-3 

Ik 

100k 


100k 

Ik 


R1 = R2 for Ay = 1 
R1 = R2/10 for A v = 10 
Cl = 10/R1 


FIGURE 2. Precision Half-Wave Rectifier 


R6 
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Application Hints (Continued) 

Cascading the LM3915 

To display signals of 60 or 90 dB dynamic range, multiple 
LM3915s can be easily cascaded. Alternatively, it is possi- 
ble to cascade an LM3915 with LM3914s for a log/linear 
display or with an LM3916 to get an extended range VU 
meter. 

A simple, low cost approach to cascading two LM3915s is 
to set the reference voltages of the two chips 30 dB apart 
as in Figure 5. Potentiometer R1 is used to adjust the full 
scale voltage of LM3915 #1 to 316 mV nominally while the 
second IC’s reference is set at 10V by R4.The drawback of 
this method is that the threshold of LED #1 is only 14 mV 
and, since the LM3915 can have an offset voltage as high 
as 10 mV, large errors can occur. This technique is not 
recommended for 60 dB displays requiring good accuracy 
at the first few display thresholds. 

A better approach shown in Figure 6 is to keep the 
reference at 10V for both LM3915S and amplify the input 


signal to the lower LM3915 by 30 dB. Since two 1% 
resistors can set the amplifier gain within ± 0.2 dB, a gain 
trim is unnecessary. However, an op amp offset voltage of 
5 mV will shift the first LED threshold as much as 4 dB, so 
that an offset trim may be required. Note that a single ad- 
justment can null out offset in both the precision rectifier 
and the 30 dB gain stage. Alternatively, instead of amplify- 
ing, input signals of sufficient amplitude can be fed 
directly to the lower LM3915 and attenuated by 30 dB to 
drive the second LM3915. 

To extend this approach to get a 90 dB display, another 30 
dB of amplification must be placed in the signal path 
ahead of the lowest LM3915. Extreme care is required as 
the lowest LM3915 displays input signals down to 0.5 mV! 
Several offset nulls may be required. High currents should 
not share the same path as the low level signal. Also 
power line wiring should be kept away from signal lines. 


1 18 1 17 1 16 |l5 1 14 1 13 1 12 |l1 1 10 |l8 1 17 1 16 1 15 1 14 1 13 1 12 1 11 | 
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LM3915 



NO. 2 

REF 
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on 


R2< 
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R1 « 
50 5 


INPUT (10V FULL SCALE) 



FIGURE 5. Low Cost Circuit for 60 dB Display 



FIGURE 6. Improved Circuit for 60 dB Display 


9-184 






Application Hints (Continued) 

TIPS ON REFERENCE VOLTAGE 
AND LED CURRENT PROGRAMMING 


Single LM3915 

The equations in Figure 7 illustrate how to choose 
resistor values to set reference voltage for the simple 
case where no LED intensity adjustment is required. A 
LED current of 10 mA to 20 mA generally produces ade- 
quate illumination. Having 10V full-scale across the inter- 
nal voltage divider gives best accuracy by keeping signal 
level high relative to the offset voltage of the internal com- 
parators. However, this causes 450 ^A to flow from pin 7 
into the divider which means that the LED current will be 
at least 5 mA. R1 will typically be between 1 kfl and 2 kfi .To 
trim the reference voltage, vary R2. 

The circuit in Figure 8 shows how to add a LED intensity 
control which can vary LED current from 9 mA to 28 mA. 



FIGURE 7. Design Equations for Fixed LED Intensity 


The reference adjustment has some effect on LED intensi- 
ty but the reverse is not true. 

Multiple LM3915S 

Figure 9 shows how to obtain a common reference trim 
and intensity control for two LM3915s.The two ICs may be 
connected in cascade for a 60 dB display or may be han- 
dling separate channels for stereo. This technique can be 
extended for larger numbers of LM3915S by varying the 
values of R1, R2 and R3 in inverse proportion to the 
number of devices tied in. The ICs’ internal references 
track within 100 mV so that worst case error from chip to 
chip is only 0.1 dB for V REF = 10V. 



FIGURE 8. Varying LED Intensity 



FIGURE 9. Independent Adjustment of Reference Voltage and LED Intensity for Multiple LM3915s 
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Application Hints (Continued) 


Other Applications 


The scheme in Figure 10 is useful when the reference and 
LED intensity must be adjusted independently over a wide 
range. The R H | voltage can be adjusted from 1.2V to 10V 
with no effect on LED current. Since the internal divider 
here does not load down the reference, minimum LED cur- 
rent is much lower. At the minimum recommended 
reference load of 80 ^A, LED current is about 0.8 mA.The 
resistor values shown give a LED current range from 1.5 
mA to 20 mA. 

At the low end of the intensity adjustment, the voltage 
drop across the 5100 current-sharing resistors is so small 
that chip to chip variation in reference voltage may yield a 
visible variation in LED intensity. The optional approach 
shown of connecting the bottom end of the intensity con- 
trol pot to a negative supply overcomes this problem by 
allowing a larger voltage drop across the (larger) current- 
sharing resistors. 


For increased resolution, it’s possible to obtain a display 
with a smooth transition between LEDs.' This is ac- 
complished by varying the reference level at pin 6 by 3 
dBp-p as shown in Figure 77. The signal can be a triangle, 
sawtooth or sine wave from 60 Hz to 1 kHz.The display can 
be run in either dot or bar mode. 

When an exponentially decaying RC discharge waveform 
is applied to pin 5, the LM3915’s outputs will switch at 
equal intervals. This makes a simple timer or sequencer. 
Each time interval is equal to RC/3. The output may be 
used to drive logic, opto-couplers, relays or PNP tran- 
sistors, for example. 


1 17 1 16 1 15 1 14 1 1 3 1 12 1 11 1 10 1 18 |l7 |lB j 15 |l4 j 13 1 12 1 1 1 | 
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* Optional circuit for improved intensity 
matching at low currents. See text. 

FIGURE 10. Wide-Range Adjustment of Reference Voltage and LED Intensity for Multiple LM3915S 
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Typical Applications (Continued) 


Extended Range VU Meter 



Vibration Meter 



LED 

Threshold 

1 

60 mV 

2 

80 mV 

3 

110 mV 

4 

160 mV 

5 

220 mV 

6 

320 mV 

7 

440 mV 

8 

630 mV 

9 

890 mV 

10 

1.25 V 


Indicator and Alarm, Full-Scale Changes Display From Dot to Bar 



* The input to the dot bar switch may be 
taken from cathodes of other LEDs. 
Display will change to bar as soon as the 
LED so selected begins to light. 

* Optional. Shunts 100 /jA auxiliary 
sink current away from LED #1. 
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Typical Applications (Continued) 

60 dB Dot Mode Display 



Driving Vacuum Fluorescent Display 


v + 

12V TO 15V 
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Typical Applications (Continued) 


Low Current Bar Mode Display 



Driving Liquid Crystal Display 

LIQUID CRYSTAL BAR GRAPH 



Bar Display with Alarm Flasher 



89 







Typical Applications (Continued) 


Light Meter 



Audio Power Meter 


Connection Diagram 


0.2W 0.4W 0.8W 1.6W 3W 6W 13W 25W 50W 100W 


3 




r/'i 

Vi 


rf: 


rf: 

rfy 


18 


16 

15 
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13 

12 



,0 


REF REF 

M~ V + r L 0 SIG r HI OUT ADJ MODE 


TT 


X 


T 


5 6 7 


i 


Load 

Impedance 

R1 

40 

10k 

8n 

18k 

i6n 

30 k 


See Application Hints for optional Peak or 
Average Detector 


Dual-ln-Line Package 



Order Number LM3915J 
See NS Package J18A 

Order Number LM3915N 
See NS Package N18A 
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Definition of Terms 

Absolute Accuracy: The difference between the observed 
threshold voltage and the ideal threshold voltage for 
each comparator. Specified and tested with 10V across 
the internal voltage divider so that resistor ratio match- 
ing error predominates over comparator offset voltage. 

Adjust Pin Current: Current flowing out of the reference 
adjust pin when the reference amplifier is in the linear 
region. 

Comparator Gain: The ratio of the change in output cur- 
rent (l LED ) to the change in input voltage (V, N ) required to 
produce it for a comparator in the linear region. 

Dropout Voltage: The voltage measured at the current 
source outputs required to make the output current fall 
by 10%. 

Input Bias Current: Current flowing ouLof the signal input 
when the input buffer is in the linear region. 

LED Current Regulation: The change in output current 
over the specified range of LED supply voltage (V LED ) as 
measured at the current source outputs. As the forward 


voltage of an LED does not change significantly with a 
small change in forward current, this is equivalent to 
changing the voltage at the LED anodes by the same 
amount. 

Line Regulation: The average change in reference output 
voltage (V REF ) over the specified range of supply voltage 
(V + ). 

Load Regulation: The change in reference output voltage 
over the specified range of load current (I|_(ref))- 

Offset Voltage: The differential input voltage which must 
be applied to each comparator to bias the output in the 
linear region. Most significant error when the voltage 
across the internal voltage divider is small. Specified and 
tested with pin 6 voltage (V RH |) equal to pin 4 voltage 
( V RLo)- 

Relative Accuracy: The difference between any two adja- 
cent threshold points. Specified and tested with 10V 
across the internal voltage divider so that resistor ratio 
matching error predominates over comparator offset 
voltage. 
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Semiconductor 

LM3916 Dot/Bar Display Driver 

General Description 

The LM3916 is a monolithic integrated circuit that senses 
analog voltage levels and drives ten LEDs, LCDs or 
vacuum fluorescent displays, providing an electronic ver- 
sion of the popular VU meter. One pin changes the 
display from a bar graph to a moving dot display. LED 
current drive is regulated and programmable, eliminating 
the need for current limiting resistors. The whole display 
system can operate from a single supply as low as 3V or 
as high as 25V. 

The 1C contains an adjustable voltage reference and an 
accurate ten-step voltage divider. The high-impedance 
input buffer accepts signals down to ground and up to 
within 1.5V of the positive supply. Further, it needs no 
protection against inputs of ±35V. The input buffer 
drives 10 individual comparators referenced to the preci- 
sion divider. Accuracy is typically better than 0.2 dB. 

Audio applications include average or peak level indi- 
cators, and power meters. Replacing conventional 
meters with an LED bar graph results in a faster respond- 
ing, more rugged display with high visibility that retains 
the ease of interpretation of an analog display. 

The LM3916 is extremely easy to apply. A 1.2V full-scale 
meter requires only one resistor in addition to the ten 
LEDs. One more resistor programs the full-scale 
anywhere from 1.2V to 12V independent of supply 
voltage. LED brightness is easily controlled with a single 
pot. 

The LM3916 is very versatile. The outputs can drive LCDs, 
vacuum fluorescents and incandescent bulbs as well as 


Industrial Blocks 


LEDs of any color. Multiple devices can be cascaded for a 
dot or bar mode display for increased range and/or 
resolution. Useful in other applications are the linear 
LM3914 and the logarithmic LM3915. 


Features 

■ Fast responding electronic VU meter 

■ Drives LEDs, LCDs, or vacuum fluorescents 

■ Bar or dot display mode externally selectable by user 

— r- l«,ui a 4.^ -7n WD 

“ LAjJUl lUUUtO IV V V • i w MW 

■ Internal voltage reference from 1.2V to 12V 

■ Operates with single supply of 3V to 25V 

■ Inputs operate down to ground 

■ Output current programmable from 1 mA to 30 mA 

■ Input withstands ±35V without damage or false 
outputs 

■ Outputs are current regulated, open collectors 

■ Directly drives TTL or CMOS 

■ The internal 10-step divider is floating and can be 
referenced to a wide range of voltages 

The LM3916 is rated for operation from 0°C to +70°C. 
The LM3916N is available in an 18-lead molded DIP 
package and the LM3916J comes in the 18-lead ceramic 
DIP. 



Typical Applications 

0V to 10V VU Meter 
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Absolute Maximum Ratings 

Power Dissipation (Note 5) 

Ceramic DIP(J) 

Molded DIP(N) 

Supply Voltage 

Voltage on Output Drivers 

Electrical Characteristics (Note d 

Input Signal Overvoltage (Note 3) 

Divider Voltage 

625 mW Reference Load Current 

25V 

Storage Temperature Range 

^ Lead Temperature (Soldering, 10 seconds) 

± 35V 

-100 mV to V + 

10 mA 

- 55 °C to + 150 °C 

300 °C 

Parameter 

Conditions(Notel) 

Min 

Typ 

Max 

Units 

Comparators 

Offset Voltage, Buffer and First 

0V< Vrlq = V R hi < 12V, 


3 

10 

mV 

Comparator 

'led = "1 m A 





Offset Voltage, Buffer and Any Other 

0V<V rlo = V rhi <12V, 


3 

15 

mV 

Comparator 

Iled - 1 mA 





Gain (AIled /AVin) 

1 L(REF) = 2 m A, 1 LED = 1 0 m A 

3 

8 


mA/mV 

Input Bias Current (at Pin 5) 

0V<V| N <(V + -1.5V) 


10 

50 

nA 

Input Signal Overvoltage 

No Change in Display 

-35 


35 

V 

Voltage Divider 

Divider Resistance 

Total, Pin 6 to 4 

6.5 

10 

15 

kfi 

Relative Accuracy (Input Change 

(Note 2) 





Between Any Two Threshold Points) 

-1 dB< V| N <3 dB 

0.75 

1.0 

1.25 

dB 


- 7 dB< V| n< - 1 dB 

1.5 

2.0 

2.5 

dB 


- 10 dB< V, N < - 7 dB 

2.5 

3.0 

2.5 

dB 

Absolute Accuracy 

(Note 2) 






V, N = 2, 1,0, -1 dB 

-0.25 


+ 0.25 

dB 


V| N = —3, — 5 dB 

-0.5 


+ 0.5 

dB 


V, N = -7, -10, - 20 dB 

-1 


+ 1 

dB 

Voltage Reference 

Output Voltage 

0.1 mA<l L(REF) <4mA, 

1.2 

1.28 

1.34 

V 


V + =V led = 5V 





Line Regulation 

3V < V + < 1 8V 


0.01 

0.03 

%/V 

Load Regulation 

0.1 mA<l L (R E F)^4 mA, 


0.4 

2 

% 


V + =V led = 5V 





Output Voltage Change with Temperature 

0 °C<T^< + 70 °C, Il(ref) = "1 mA, 


1 


% 


V + =V led = 5V 





Adjust Pin Current 



75 

120 


Output Drivers 

LED Current 

V + =V LED = 5V,l L(REF) =1mA 

7 

10 

13 

mA 

LED Current Difference (Between Largest 

V LED = 5V,l LED = 2nnA 


0.12 

0.4 

mA 

and Smallest LED Currents) 

V L ED = 5V,l LED = 20mA 


1.2 

3 

mA 

LED Current Regulation 

2V <V led < 17V l LED = 2mA 


0.1 

0.25 

mA 


Iled = 20 mA 


1 

3 

mA 

Dropout Voltage 

'led(ON) = 20 mA @ V led = 5V, 



1.5 

V 


AIled = 2 mA 





Saturation Voltage 

'led = 2.0 mA, Il(ref) = 0.4 mA 


0.15 

0.4 

V 

Output Leakage, Each Collector 

Bar Mode (Note 4) 


0.1 

100 

mA 

Output Leakage 

Dot Mode (Note 4) 





Pins 10-18 



0.1 

100 

aA 

Pin 1 


60 

150 

450 

/*A 

Supply Current 

Standby Supply Current 

V + = +5V, l L(REF> = 0.2 mA 


2.4 

4.2 

mA 

(All Outputs Off) 

V + = + 20V, 1 l ( ref) = 1-0 mA 


6.1 

9.2 

mA 
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Notes 

Note 1: Unless otherwise stated, all specifications apply with the following conditions: 

3 Vqq^V + s20 Vqc - 0.015V ^V RL0 :s 12 Vqq Ta = 25°C, Il(REF) = °- 2 mA » P in 9 connected to pin 3 (bar mode). 

3 Vdq^V|_ed^ v+ VreFi Vrhi, Vri_q^(V + -1.5V) For higher power dissipations, pulse testing is used. 

— 0.015V<Vr H |<:12 Vqc 0VsV )N <V + -1.5V 

Note 2: Accuracy is measured referred to + 3 dB = + 10.000 Vqq at pin 5, with + 10.000 Vqc at pin 6, and 0.000 Vqc at pin 4. At lower full-scale voltages, 
buffer and comparator offset voltage may add significant error. See table for threshold voltages. 

Note 3: Pin 5 input current must be limited to ±3 mA.The addition of a 39k resistor in series with pin 5 allows ±100V signals without damage. 

Note 4: Bar mode results when pin 9 is within 20 mV of V + . Dot mode results when pin 9 is pulled at least 200 mV below V + . LED #10 (pin 10 output current) 
is disabled if pin 9 is pulled 0.9V or more below Vled- 

Note 5: The maximum junction temperature of the LM3916 is 100 °C. Devices must be derated for operation at elevated temperatures. Junction to ambient 
thermal resistance is 75°C/W for the ceramic DIP (J package) and 120°C/W for the molded DIP (N package). 


LM3916 THRESHOLD VOLTAGE (Note 2) 


dB 

Volts 


Volts 

Min 

Typ 

Max 

dB 

Min 

Typ 

Max 

3 

9.985 

10.000 

10.015 

- 3 ± 1/2 

4.732 

5.012 

5.309 

2 ±1/4 

8.660 

8.913 

9.173 

- 5 it 1/2 

3.548 

3.981 

4.467 

1 ±1/4 

7.718 

7.943 

8.175 

- 7 ± 1 

2.818 

.3.162 

3.548 

+1 

o 

6.879 

7.079 

7.286 

— 10 ± 1 

1.995 

2.239 

2.512 


5.957 

6.310 

6.683 

— 20 ± 1 

0.631 

0.708 

0.794 


Typical Performance Characteristics 


Supply Current vs 
Temperature 



0 25 50 75 

TEMPERATURE (°C) 


Operating Input Bias 
Current vs Temperature 



0 25 50 75 

TEMPERATURE (°C) 


Reference Voltage vs 
Temperature 



Reference Adjust Pin 
Current vs Temperature 



-25 0 25 50 75 100 


LED Current-Regulation 
Dropout 



0 5 10 15 20 25 


LED Driver Saturation 
Voltage 



TEMPERATURE (°C) 


LED CURRENT (mA) 


LED CURRENT (mA) 


Input Current Beyond 
Signal Range (Pin 5) 



-40 -30 -20 -10 0 10 20 30 40 


LED Current vs 
Reference Loading 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

REFERENCE LOAD CURRENT (mA) 


LED Driver Current 
Regulation 
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S Typical Performance Characteristics (Continued) 
CO 


Total Divider Resistance 
vs Temperature 


Common-Mode Limits 



-25 0 25 50 75 

TEMPERATURE (°C) 


20 40 60 

TEMPERATURE (°C) 


Block Diagram (Showing Simplest Application) 


Output Characteristics 



0.2 0.4 0.6 0.8 1.0 

OUTPUT VOLTAGE(V) 


mm m 

MM 


THIS LOAD 
DETERMINES 
LEO 

BRIGHTNESS 


REFERENCE 

VOLTAGE 

SOURCE 

1.2V 



l 2 j 


_J 
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Functional Description 


LM3916 Output Circuit 


The simplified LM3916 block diagram is included to give 
the general idea of the circuit’s operation. A high input 
impedance buffer operates with signals from ground to 
12V, and is protected against reverse and overvoltage 
signals. The signal is then applied to a series of 10 
comparators; each of which is biased to a different com- 
parison level by the resistor string. 

In the example illustrated, the resistor string is connected 
to the internal 1.25V reference voltage. As the input 
voltage varies from 0 to 1.25, the comparator outputs are 
driven low one by one, switching on the LED indicators. 
The resistor divider can be connected between any 2 
voltages, providing that they are at least 1.5V below V + 
and no lower than V“. 

Internal Voltage Reference 

The reference is designed to be adjustable and develops a 
nominal 1.25V between the REF OUT (pin 7) and REF ADJ 
(pin 8) terminals. The reference voltage is impressed 
across program resistor R1 and, since the voltage is con- 

siam, a (JUIKdIcuii UUIICIU I-| incii iiCYvS infOuQu me CutpUi 

set resistor R2 giving an output voltage of: 



Since the 120 /*A current (max) from the adjust terminal 
represents an error term, the reference was designed to 
minimize changes of this current with V + and load 
changes. For correct operation, reference load current 
should be between 80 fiA and 5 mA. Load capacitance 
should be less than 0.05 jiF. 


PIN 1, PINS 10-18 



Outputs may be run in saturation with no adverse effects, 
making it possible to directly drive logic. The effective 
saturation resistance of the output transistors, equal to 
R e plus the transistors’ collector resistance, is about 50ft. 
It’s also possible to drive LEDs from rectified AC with no 
filtering. To avoid oscillations, the LED supply should be 
bypassed with a 2.2 ^F tantalum or 10 /*F aluminum elec- 
trolytic capacitor. 

Mode Pin Use 




^hninln/l r\f milHirtln 


devices, and controls bar or dot mode operation. The 
following tabulation shows the basic ways of using this 
input. Other more complex uses will be illustrated in the 
applications. 


Bar Graph Display: Wire Mode Select (pin 9) directly to 
pin3(V + pin). 


Dot Display, Single LM3916 Driven Leave the Mode 
Select pin open circuit. 


Dot Display, 20 or More LEDs: Connect pin 9 of the first 
driver in the series (i.e., the one with the lowest input 
voltage comparison points) to pin 1 of the next higher 
LM3916 driver. Continue connecting pin 9 of lower input 
drivers to pin 1 of higher input drivers for 30 or more LED 
displays. The last LM3916 driver in the chain will have 
pin 9 left open. All previous drivers should have a 20k 
resistor in parallel with LED #9 (pin 11 to V LED ). 


Mode Pin Functional Description 

This pin actually performs two functions. Refer to the 
simplified block diagram below. 


Current Programming 


Block Diagram of Mode Pin Function 


A feature not completely illustrated by the block diagram 
is the LED brightness control. The current drawn out of the 
reference voltage pin (pin 7) determines LED current. 
Approximately 10 times this current will be drawn through 
each lighted LED, and this current will be relatively con- 
stant despite supply voltage and temperature changes. 
Current drawn by the internal 10-resistor divider, as well as 
by the external current and voltage-setting divider should 
be included in calculating LED drive current. The ability to 
modulate LED brightness with time, or in proportion to in- 
put voltage and other signals can lead to a number of 
novel displays or ways of indicating input overvoltages, 
alarms, etc. 

The LM3916 outputs are current-limited NPN transistors 
as shown below. An internal feedback loop regulates the 
transistor drive. Output current is held at about 10 times 
the reference load current, independent of output voltage 
and processing variables, as long as the transistor is not 
saturated. 


OUTPUT NO. 9 OUTPUT NO. 10 
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Mode Pin Functional Description (Continued) 

Dot or Bar Mode Selection 

The voltage at pin 9 is sensed by comparator Cl, nom- 
inally referenced to (V + - 100 mV). The chip is in bar mode 
when pin 9 Is above this level; otherwise it’s in dot mode. 

The comparator Is designed so that pin 9 can be left open 
circuit for dot mode. 

Taking into account comparator gain and variation in the 
100 mV reference level, pin 9 should be no more than 
20 mV below V + for bar mode and more than 200 mV 
below V + (or open circuit) for dot mode. In most applica- 
tions, pin 9 is either open (dot mode) or tied to V + (bar 
mode). In bar mode, pin 9 should be connected directly to 
pin 3. Large currents drawn from the power supply (LED 
current, for example) should not share this path so that 
large IR drops are avoided. 

Dot Mode Carry 

In order for the display to make sense when multiple 
drivers are cascaded in dot mode, special circuitry has 
been included to shut off LED #10 of the first device when 
LED #1 of the second device comes on. The connection 
for cascading in dot mode has already been described 
and is depicted in Figure 1. 

As long as the input signal voltage is below the threshold 
of the second driver, LED #11 is off. Pin 9 of driver #1 thus 
sees effectively an open circuit so the chip is in dot mode. 

As soon as the input voltage reaches the threshold of LED 
#11, pin 9 of driver #1 is pulled an LED drop (1.5V or more) 
below V LED . This condition is sensed by comparator C2, 


referenced 600 mV below V LED . This forces the output of 
C2 low, which shuts off output transistor Q2, extinguish- 
ing LED #10. 

V LED is sensed via the 20k resistor connected to pin 11. 
The very small current (less than 100 /*A) that is diverted 
from LED #9 does not noticeably affect its intensity. 

An auxiliary current source at pin 1 keeps at least 100 nA 
flowing through LED #11 even if the input voltage rises 
high enough to extinguish the LED. This ensures that pin 
9 of driver #1 is held low enough to force LED #10 off when 
any higher LED is illuminated. While 100 nA does not nor- 
mally produce significant LED illumination, it may be 
noticeable when using high-efficiency LEDs in a dark en- 
vironment. If this is bothersome, the simple cure is to 
shunt LED #11 (and LED #1) with a 10k resistor. The IV IR 
drop is more than the 900 mV worst case required to hold 
off LED #10 yet small enough that LED #11 does not con- 
duct significantly. 

In some circuits a number of outputs on the higher device 
are not used. Examples include the high resolution VU 
meter and the expanded range VU meter circuits (see 
Typical Applications). To provide the proper carry sense 
voltage in dot mode, the LEDs of the higher driver 1C are 
tied to V LED through two series-connected diodes as 
shown in Figure 2. Shunting the diodes with a Ik resistor 
provides a path for driver leakage current. 



FIGURE 1. Cascading LM3914/15/16 Series in Dot Mode 
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Mode Pin Functional Description (Continued) 


Other Device Characteristics 

The LM3915 is relatively low-powered itself, and since any 
number of LEDs can be powered from about 3V, it is a very 
efficient display driver. Typical standby supply current (all 
LEDs OFF) is 1.6 mA. However, any reference loading adds 
4 times that current drain to the V + (pin 3) supply input. For 
example, an LM3915 with a 1 mA reference pin load (1.3k) 
would supply almost 10 mA to every LED while drawing 
only 10 mA from its V + pin supply. At full-scale, the 1C is 
typically drawing less than 10% of the current supplied to 
the display. 

The display driver does not have built-in hysteresis so that 
the display does not jump instantly from one LED to the 
next. Under rapidly changing signal conditions, this cuts 
down high frequency noise and often an annoying flicker. 
An “overlap” is built in so that at no time are all segments 
completely off in the dot mode. Generally one LED fades 
in while the other fades out over a 1 mV to 3 mV range. The 
change may be much more rapid between LED #10 of one 


Application Hints 

The most difficult problem occurs when large LED 
currents are being drawn, especially in bar graph mode. 
These currents flowing out of the ground pin cause 
voltage drops in external wiring, and thus errors and 
oscillations. Bringing the return wires from signal 
sources, reference ground and bottom of the resistor 
string to a single point very near pin 2 is the best solution. 

Long wires from V LED to LED anode common can cause 
oscillations. The usual cure is bypassing the LED 
anodes with a 2.2 /xF tantalum or 10 /xF aluminum elec- 
trolytic capacitor. If the LED anode line wiring is inac- 
cessible, often a 0.1 ixF capacitor from pin 1 to pin 2 will 
be sufficient. 

If there is a large amount of LED overlap in the bar mode, 
oscillation or excessive noise is usually the problem. In 
cases where proper wiring and bypassing fail to stop 
oscillations, V + voltage at pin 3 is usually below sug- 
gested limits. When several LEDs are lit in dot mode, the 
problem is usually an AC component of the input signal 
which should be filtered out. Expanded scale meter ap- 
plications may have one or both ends of the internal 
voltage divider terminated at relatively high value 
resistors. These high-impedance ends should be by- 
passed to pin 2 with 0.1 /*F. 

Power dissipation, especially in bar mode should be 
given consideration. For example, with a 5V supply and 
all LEDs programmed to 20 mA the driver will dissipate 
over 600 mW. In this case a 7.512 resistor in series with 
the LED supply will cut device heating in half. The 
negative end of the resistor should be bypassed with a 
2.2 ix F solid tantalum or 10 ^F aluminum electrolytic 
capacitor to pin 2. 

Tips on Rectifier Circuits 

The simplest way to display an AC signal using the 
LM3916 is to apply it right to pin 5 unrectified. Since the 
LED illuminated represents the instantaneous value of the 
AC waveform, one can readily discern both peak and 
average values of audio signals in this manner. The 
LM3916 will respond to positive half-cycles only but will 


not be damaged by signals up to ± 35V (or up to ± 100V if a 
39k resistor is in series with the input). A smear or bar type 
display results even though the LM3916 is connected for 
dot mode. The LEDs should be run at 20 mA to 30 mA for 
high enough average intensity. 


True average or peak detection requires rectification. If an 
LM3916 is set up with 10V full scale across its voltage 
divider, the turn-on point for the first LED is only 450 mV. A 
simple silicon diode rectifier won’t work well at the low 
end due to the 600 mV diode threshold.The half-wave peak 
detector in Figure 3 uses a PNP emitter-follower in front of 
the diode. Now, the transistor’s base-emitter voltage 
cancels out the diode offset, within about 100 mV. This 
approach is usually satisfactory when a single LM3916 is 
used for a 23 dB display. 

Display circuits such as the extended range VU meter 
using two or more drivers for a dynamic range of 40 dB or 
greater require more accurate detection. In the precision 
half-wave rectifier of Figure 4 the effective diode offset is 
reduced by a factor equal to the open-loop gain of the op 
amp. Filter capacitor C2 charges through R3 and 
discharges through R2 and R3, so that appropriate selec- 
tion of these values results in either a peak or an average 
detector. The circuit has a gain equal to R2/R1. 

It’s best to capacitively couple the input. Audio sources 
frequently have a small DC offset that can cause signifi- 
cant error at the low end of the log display. Op amps that 
slew quickly, such as the LF351, LF353 or LF356, are 
needed to faithfully respond to sudden transients. It may 
be necessary to trim out the op amp DC offset voltage to 
accurately cover a60 dB range. Best results are obtained if 
the circuit is adjusted for the correct output when a low- 
level AC signal (10 to 20 mV) is applied, rather than ad- 
justing for zero output with zero input. 


V + (5V TO 25V) 



FIGURE 3. Half-Wave Peak Detector 


R3 

Ik 


I VW ♦ - 0UTP 

J-HH x“ F 



D1, D2: 1N914 or1N4148 



Average 

Peak 

R2 

Ik 

100k 

R3 

100k 

Ik 


R1 = R2 for Ay = 1 
R1 = R2/10 for A v = 10 
Cl = 10/R1 


FIGURE 4. Precision Half-Wave Rectifier 
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Application Hints (Continued) 

For precision full-wave averaging use the circuit in 
Figure 5. Using 1% resistors for R1 through R4, gain for 
positive and negative signal differs by only 0.5 dB worst 
case. Substituting 5% resistors increases this to 2 dB 
worst case. (A 2 dB gain difference means that the display 
may have a ±1 dB error when the input is a nonsym- 
metrical transient).The averaging time constant is R5»C2. 
A simple modification results in the precision full-wave 
detector of Figure 6. Since the filter capacitor is not 
buffered, this circuit can drive only high impedance loads 
such as the input of an LM3916. 

AUDIO METER STANDARDS 
VU Meter 

The audio level meter most frequently encountered is the 
VU meter. Its characteristics are defined in the ANSI 


C2 



specification C165. The LM3916’s outputs correspond to 
the meter indications specified with the omission of the 
-2 VU indication. The VU scale divisions differ slightly 
from a linear scale in order to obtain whole numbers in dB. 


Some of the most important specifications for an AC 
meter are its dynamic characteristics. These define how 
the meter responds to transients and how fast the 
reading decays. The VU meter is a relatively slow full- 
wave averaging type, specified to reach 99% deflection 
in 300 ms and overshoot by 1 to 1.5%. In engineering 
terms this means a slightly underdamped second order 
response with a resonant frequency of 2.1 Hz and a Q of 
0.62. Figure 7 depicts a simple rectifier/filter circuit that 
meets these criteria. 


R6 

510 



FIGURE 6. Precision Full-Wave Peak Detector 



Gain 

R5 

R6 

C2 

C3 

1 

100k 

43k 

2.0 

0.56 tiF 

10 

1M 

100k 

1.0 • 

0.056 /iF 


Design Equations 


1 

R5-R6-C2C3 


= W 0 2 = 177 sec-2 


j_ / jl j_ j_ 

C2 l R3 + R4 + R5 

R3 = 2R4 
Rt = R2< <R4 



o > 0 

Q 


= 21.5 sec -1 


A1, A2: 1/2 LF353 
D1, D2: 1N914 or 1N4148 
* Reaches 99% level at 300 ms 
after applied tone burst 
and overshoots 1.2%. 


FIGURE 7. Full-Wave Average Detector to VU Meter Specifications* 
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Application Hints (Continued) 


Peak Program Meter 

The VU meter, originally intended for signals sent via 
telephone lines, has shortcomings when used in high 
fidelity systems. Due to its slow response time, a VU meter 
will not accurately display transients that can saturate a 
magnetic tape or drive an amplifier into clipping. The fast- 
attack peak program meter (PPM) which does not have 
this problem is becoming increasingly popular. 

While several European organizations have specifications 
for peak program meters, the German DIN specification 
45406 is becoming a de facto standard. Rather than re- 
spond instantaneously to peak, however, PPM specifica- 
tions require a finite “integration time” so that only peaks 
wide enough to be audible are displayed. DIN 45406 calls 
for a response of 1 dB down from steady-state for a 10 ms 
tone burst and 4 dB down for a 3 ms tone burst. These re- 
quirements are consistent with the other frequently en- 
countered spec of 2 dB down for a 5 ms burst and are met 
by an attack time constant of 1.7 ms. 

The specified return time cf 1.5e to 20 d5 requires a 650 
ms decay time constant. The full-wave peak detector of 
Figure 6 satisfies both the attack and decay time criteria. 

Cascading the LM3916 

The LM3916 by itself covers the 23 dB range of the conven- 
tional VU meter. To display signals of 40 dB or 70 dB 


dynamic range, the LM3916 may be cascaded with the 3 
dB/step LM3915s. Alternatively, two LM3916s may be 
cascaded for increased resolution over a 28 dB range. 
Refer to the Extended Range VU Meter and High Resolu- 
tion VU Meter in the Typical Applications section for the 
complete circuits for both dot and bar mode displays. 

To obtain a display that makes sense when an LM3915 and 
an LM3916 are cascaded, the -20 dB output from the 
LM3916 is dropped. The full-scale display for the LM3915 
is set at 3 dB below the LM3916’s - 10 dB output and the 
rest of the thresholds continue the 3 dB/step spacing. A 
simple, low cost approach is to set the reference voltage 
of the two chips 16 dB apart as in Figure 5. The LM3915, 
with pin 8 grounded, runs at 1.25V full-scale. R1 and R2 set 
the LM3916’s reference 16 dB higher or 7.89V. Variation in 
the two on-chip references and resistor tolerance may 
causea ± 1 dBerror in the -lOdBto -13dBtransition. If 
this is objectionable, R2 can be trimmed. 

The diawbciok uf iiic afcrerrioriticriac! approach ic that the 
threshold of LED #1 on the LM3915 is only 56 mV. Since 
comparator offset voltage may be as high as 10 mV, large 
errors can occur at the first few thresholds. A better ap- 
proach, as shown in Figure 9, is to keep the reference the 
same for both drivers (10V in the example) and amplify the 
input signal by 16 dB ahead of the LM3915. Alternatively, 


-37 -34 -31 -28 -25 -22 -19 -16 -13 -10 -7 -5 -3 -1 0 +1 +2 +3 dB 



-37 -34 -31 -28 -25 -22 -19 -16 -13 -10 -7 -5 -3 -1 0 +1 +2 +3dB 



FIGURE 9. Improved Circuit for 40 dB Display 
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Application Hints (Continued) 

instead of amplifying, input signals of sufficient 
amplitude can be fed directly to the LM3916 and at- 
tenuated by 16 dB to drive the LM3915. 

To extend this approach to get a 70 dB display, another 30 
dB of amplification must be placed in the signal path 
ahead of the lowest LM3915. Extreme care is required as 
the lowest LM3915 displays input signals down to 2 mV! 
Several offset nulls may be required. High currents should 
not share the same path as the low level signal. Also power 
line wiring should be kept away from signal lines. 

TIPS ON REFERENCE VOLTAGE 
AND LED CURRENT PROGRAMMING 

Single Driver 

The equations in Figure 10 illustrate how to choose 
resistor values to set reference voltage for the simple case 
where no LED intensity adjustment is required. A LED cur- 
rent of 10 mA to 20 mA generally produces adequate il- 
lumination. Having 10V full-scale across the internal 
voltage divider gives best accuracy by keeping signal level 
high relative to the offset voltage of the internal com- 



FIGURE 10. Design Equations for Fixed LED Intensity 


parators. However, this causes 1 mA to flow from pin 7 into 
the divider which means that the LED current will be at 
least 10 mA. R1 will typically be between 1 kfl and 5 kU.To 
trim the reference voltage, vary R2. 

The circuit in Figure 11 shows how to add a LED intensity 
control which can vary LED current from 5 mA to 28 mA. 
Choosing V REF = 5V lowers the current drawn by the lad- 
der, increasing the intensity adjustment range. The 
reference adjustment has some effect on LED intensity 
but the reverse is not true. 

Multiple Drivers 

Figure 12 shows how to obtain a common reference trim 
and intensity control for two drivers. The two ICs may be 
connected in cascade or may be handling separate chan- 
nels for stereo. This technique can be extended for larger 
numbers of drivers by varying the values of R1, R2 and R3. 
Because the LM3915 has a greater ladder resistance, R5 
was picked less than R7 in such a way as to provide equal 
reference load currents. The ICs’ internal references track 
within 100 mV so that worst case error from chip to chip is 
only 0.2 dB for V RE p = 5V. 



FIGURE 11. Varying LED Intensity 



FIGURE 12. Independent Adjustment of Reference Voltage and LED Intensity for Multiple Drivers 
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Application Hints (Continued) 

The scheme in Figure 13 is useful when the reference and 
LED intensity must be adjusted independently over a 
wide range. The R H! voltage can be adjusted from 1.2V to 
10V with no effect on LED current. Since the internal 
divider here does not load down the reference, minimum 
LED current is much lower. At the minimum recommend- 
ed reference load of 80 n A, LED current is about 0.8 mA. 
The resistor values shown give a LED current range from 
1.5 mA to 25 mA. 

At the low end of the intensity adjustment, the voltage 
drop across the 51012 current-sharing resistors is so small 
that chip to chip variation in reference voltage may yield a 
visible variation in LED intensity. The optional approach 


shown of connecting the bottom end of the intensity con- 
trol pot to a negative supply overcomes this problem by 
allowing a larger voltage drop across the (larger) current- 
sharing resistors. 

Other Applications 

For increased resolution, it’s possible to obtain a display 
with a smooth transition between LEDs. This is ac- 
complished by superimposing an AC waveform on top of 
the input level as shown in Figure 14. The signal can be a 
triangle, sawtooth or sine wave from 60 Hz to 1 kHz. The 
display can be run in either dot or bar mode. 


1 1 8 1 17 1 1 6 1 1 5 1 14 1 13 1 12 111 |l 


FTTTT 

r - TO LM3915S ‘“I 


J2 


1 18 1 17 1 1 6 1 15 1 14 1 13 1 12 |t1 |l 


LM3916 


LM3916 

RPC PCP 


REF REF 

V" v + r lo sig r hi out adj mode 


M~ \l + h L0 SIG "HI OUT ADJ IVIUUE | 


1 ± FT0 F 



14k * 

r~VW > ■■■ -V^V~ 

100k 

- U>\ 


L I 


y Optional circuit for improved intensity I INTENSITY 
matching at low currents. See text. “ 



IT 


1.25V<V ref < 10V 
1.5 mA< I led — 25 mA 


FIGURE 13. Wide-Range Adjustment of Reference Voltage and LED Intensity for Multiple Drivers 



FIGURE 14. OV to 10V VU Meter with Smooth Transitions 
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LM3916 


Extended Range VU Meter (Bar Mode) 



t Adjust R3 for 3 dB difference between 
LED #11 and LED #12 


= 0.158= - 16 dB 


Typical Applications (Continued) 
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Extended Range VU Meter (Dot Mode) 
R6 D1 D2 



optional peak or average detector 


*< 

T3 

O 

£_ 

> 

"O 

o 

ft) 


o 

3 

(/> 



c 

CD 

Q_ 


(0 


9I-6CIAI1 
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Typical Applications (Continued) 

Driving Vacuum Fluorescent Display 


FILAMENT 

VACUUM FLUORESCENT 

BAR GRAPH 

FILAMENT 

HI 

L0 

DISPLAY ANODES 

GRID 


v + 

12V TO 15V 


R16 

270 


AUDIO 
INPUT " 



R2 

100k 

»_***_ 

R3 

Ik 

Ift" 

■ .iryyy. 

D2 


L-Ck ■ 




R7 thru R15: 10k ±10% 
D1, D2: 1N914 or 1N4148 
* Half-wave peak detector. 
See Application Hints. 


Indicator and Alarm, Full-Scale Changes Display From Dot to Bar 
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Typical Applications (Continued) 


Displaying Additional Levels 


-20 VU -1C -7 -5 -3 -2 -1 0 VU +1 +2 +3 +5VU 

t /v ? /v -Tzr T/y t/i/ T/t/ t/i/T/y f/i/ t/i/T/y T/v 


14 13 I 12 111 10 


V- v+ r lo 

n — n — n — it 


REF REF I 

SIG r HI OUT ADJ mode! 


V IN 

(10 V FULL SCALE) 


R3 

=0.794= - 2 dB 

R2 + R3 

. R2 - + g 3 - =0.562= -5dB 
R1 + R2 + R3 

or R2 = 0.259-R3 
and R1 = 0.979-R3 



Operating with a High Voltage Supply (Dot Mode Only) 


Va/} 

F/y] 

F/y 1 

7_A/y 

7_a/\ 

F/y } 

F/y 1 

Taj} 

IB 

17 

16 

15 

14 

13 

12 

ii 


REF REF 

V + r L 0 SIG r HI OUT ADJ 


The LED currents are approximately 
10 mA, and LM3916 outputs operate -E. 

in saturation for minimum dissipation. 1 

*This point is partially regulated and 
decreases in voltage with temperature. 2N2905 
Voltage requirements of the LM3916 also S 

decrease with temperature. I 


LM3916 




LM3916 


Typical Applications (Continued) 

Low Current Bar Mode Display 



Bar Display with Alarm Flasher 
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Connection Diagram 

Dual-ln-Line Package 

LED NO. 1 
V - 
V + 

DIVIDER 
(LOW END) 

SIGNAL INPUT 

DIVIDER 
(HIGH END) 

REFERENCE OUTPUT 
REFERENCE ADJUST 
mu DE SELECT 


TOP VIEW 

Order Number LM3916J 
See NS Package J18A 

Order Number LM3916N 
See NS Package N18A 



LED NO. 2 


LED NO. 3 

, 16 

h- LED NO. 4 
, 15 

LED NO. 5 
14 

H— LED NO. 6 
, 13 

h- LED NO. 7 


LED NO. 8 


LED NO. 9 


i cn mn in 


Definition of Terms 

Absolute Accuracy: The difference between the observed 
threshold voltage and the ideal threshold voltage for each 
comparator. Specified and tested with 10V across the in- 
ternal voltage divider so that resistor ratio matching error 
predominates over comparator offset voltage. 

Adjust Pin Current: Current flowing out of the reference 
adjust pin when the reference amplifier is in the linear 
region. 

Comparator Gain: The ratio of the change in output cur- 
rent (l LED ) to the change in input voltage (V iN ) required to 
produce it for a comparator in the linear region. 

Dropout Voltage: The voltage measured at the current 
source outputs required to make the output current fall by 
10 %. 

Input Bias Current: Current flowing out of the signal input 
when the input buffer is in the linear region. 

LED Current Regulation: The change in output current 
over the specified range of LED supply voltage (V LED ) as 
measured at the current source outputs. As the forward 
voltage of an LED does not change significantly with a 


small change in forward current, this is equivalent to 
changing the voltage at the LED anodes by the same 
amount. 

Line Regulation: The average change in reference output 
voltage (V REF ) over the specified range of supply voltage 
(V+). 

Load Regulation: The change in reference output voltage 
over the specified range of load current (I|_(ref))- 

Offset Voltage: The differential input voltage which must 
be applied to each comparator to bias the output in the 
linear region. Most significant error when the voltage 
across the internal voltage divider is small. Specified and 
tested with pin 6 voltage (V RHi ) equal to pin 4 voltage 
(Vrlo)- 

Relative Accuracy: The difference between any two adja- 
cent threshold points. Specified and tested with 10V 
across the internal voltage divider so that resistor ratio 
matching error predominates over comparator offset 
voltage. 
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MF10 


National Industrial Blocks 

Semiconductor 


MF10 Universal Monolithic Dual Switched Capacitor Filter 

General Description Features 

The MF10 consists of 2 independent and extremely easy to 
use, general purpose CMOS active filter building blocks. 

Each block, together with an external clock and 3 to 4 
resistors, can produce various 2nd order functions. Each 
building block has 3 output pins. One of the outputs can be 
configured to perform either an allpass, highpass or a 
notch function; the remaining 2 output pins perform low- 
pass and bandpass functions. The center frequency of the 
lowpass and bandpass 2nd order functions can be either 
directly dependent on the clock frequency, or they can de- 
pend on both clock frequency and external resistor ratios. 

The center frequency of the notch and allpass functions is 
directly dependent on the clock frequency, while the 
highpass center frequency depends on both resistor ratio 
and clock. Up to 4th order functions can be performed by 
cascading the two 2nd order building blocks of the MF10; 
higher than 4th order functions can be obtained by cas- 
cading MF10 packages. Any of the classical filter config- 
urations (such as Butterworth, Bessel, Cauer and 
Chebyshev) can be formed. 

System Block Diagram 


Vn + V, + N/AP/HPa S1« BPft lp a 



■ Low cost 

■ 20-pin 0.3" wide package 

■ Easy to use 

■ Clock to center frequency ratio accuracy = 0.6% 

■ Filter cutoff frequency stability directly dependent on 
external clock quality 

■ Low sensitivity to external component variation 

■ Separate highpass (or notch or allpass), bandpass, 
lowpass outputs 

■ f G x Q range up to 200 kHz 

■ Operation up to 30 kHz 
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Absolute Maximum Ratings 

SupplyVoltage 

Power Dissipation 

Operating Temperature 

Storage Temperature 

Lead Temperature (Soldering, 10 seconds) 


7V 

500 mW 
0°Cto70°C 
150°C 
300°C 


Electrical Characteristics (complete Filter) v s 


Frequency Range 
Clock to Center Frequency 
Ratio, fci_K/fo 
MF10BN 
MF10CN 

MF10BN 

MF10CN 

Q Accuracy (Q Deviation 
from an Ideal Continuous 
Filter) 

MF10BN 

MF10CN 

MF10BN 

MF10CN 

f 0 Temperature Coefficient 


Q Temperature Coefficient 


DC Low Pass Gain Accuracy 


f o xQ<200.kHz 


Pin 12 High, Q = 10 
f 0 x Q<50 kHz, Model 
Pin 12 at Mid Supplies 
Q = 10, f 0 x Q<50 kHz, Model 


Pin 12 High, Mode 1 
f o xQ<100 kHz, f 0 <5 kHz 

Pin 12 at Mid Supplies 
f o xQ<100 kHz 
f 0 <5 kHz, Mode 1 

Pin 12 High (-50:1) 

Pin 12 Mid Supplies (-100:1) 
f o xQ<100 kHz, Mode 1 
External Clock Temperature 
Independent 

f Q x Q< 100 kHz, Q Setting 
Resistors Temperature 
Independent 

Model, R1 = R2 = 10k 


Clock Feedthrough 
Maximum Clock Frequency 
Power Supply Current 


Electrical Characteristics (Internal Op Amps) T A = 25°C 


Supply Voltage 

Voltage Swing (Pins 1, 2, 9, 20) 
MF10BN 
MF10CN 

Voltage Swing (Pins 3 and 18) 
MF10BN 
MF10CN 

Output Short Circuit Current 
Source 
Sink 

Op Amp Gain BW Product 

Op Amp Slew Rate 


V s = ±5V, R L = 5k 


V s = ±5V, R L = 3.5k 


MF10 





Definition of Terms 


fcLK: the switched capacitor filter external clock frequency. 

f 0 : center of frequency of the second order function com- 
plex pole pair. f 0 is measured at the bandpass output of 
each 1/2 MF10, and it is the frequency of the bandpass 
peak occurrence (Figure 1). 

Q: quality factor of the 2nd order function complex pole 
pair. Q is also measured at the bandpass output of each 
1/2 MF10 and it is the ratio of f 0 over the - 3 dB bandwidth 
of the 2nd order bandpass filter, Figure 1. The value of Q is 
not measured at the lowpass or highpass outputs of the 
filter, but its value relates to the possible amplitude peak- 
ing at the above outputs. 

Hobp: the gain in (V/V) of the bandpass output at f = f 0 . 

H OL p: the gain in (V/V) of the lowpass output of each 1/2 
MF10 at f— 0 Hz, Figure 2. 


Hohp : the gain in (V/V) of the highpass output of each 1/2 
MF10 as f—fcLK/2, Figure 3. 

Q z : the quality factor of the 2nd order function complex 
zero pair, if any. (Q z is a parameter used wheh an allpass 
output is sought and unlike Q it cannot be directly 
measured). 

f z : the center frequency of the 2nd order function complex 
zero pair, if any. If f z is different from f 0 , and if the Q z is quite 
high it can be observed as a notch frequency at the allpass 
output. 

, f notcfv the notch frequency observed at the notch 
output(s) of the MF10. 

Hqn^ the notch output gain as f-0 Hz. 

H 0 n 2 : the notch output gain as f— fcu</2. 


BANDPASS OUTPUT 



fL f 0 fH 
f (LOG SCALE) 




f L ~ f o (2Q' 
f H = f o (2Q H 


FIGURE 1 


Hop 

Holp- — -* 
0.707 Holp 


LOWPASS OUTPUT 



ip ic 
f (LOG SCALE) 




Hop = Holp x ■ 




Hop 
Hohp 
0.707 Hqhp 



fc fp 
t (LOG SCALE) 


,c Hvr^) 


♦vf-^ 


*n =toX K/1 


H 0P=H0HPX- 
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Connection Diagram 


Dual-ln-Line Package 



Pin Description 

LP, BP, N/AP/HP These are the lowpass, bandpass, 
notch or allpass or highpass out- 
puts of each 2nd order section. The 
LP and BP outputs can sink typi- 
cally 1 mA and source 3 mA. The 
N/AP/HP output can typically sink 
and source 1.5 mA and 3 mA, 
respectively. 

INV This is the inverting input 

of the summing op amp of each 
filter. The pin has static discharge 
protection. 

SI SI is a signal input pin used in the 

allpass filter configurations (see 
modes of operation 4 and 5). The 
pin should be driven with a source 
impedance of less than 1 ka 

S A /b It activates a switch connecting 

one of the inputs of the filter’s 2nd 
summer either to analog ground 
(S A /b low to V A ) or to the lowpass 
output of the circuit (S A/B high to 
V A ). This allows flexibility in the 
various modes of operation of the 
1C. S A/B is protected against static 
discharge. 

V A , V B Analog positive supply and digital 

positive supply. These pins are in- 
ternally connected through the 1C 
substrate and therefore V A and Vo 
should be derived from the same 
power supply source. They have 
been brought out separately so 
they can be bypassed by separate 
capacitors, if desired. They can be 
externally tied together and 
bypassed by a single capacitor. 


V A , Vq Analog and digital negative supply 

respectively. The same comments 
as for V A and V B apply here. 

L Sh Level shift pin; it accommodates 

various clock levels with dual or 
single supply operation. With dual 
±5V supplies, the MF10 can be 
driven with CMOS clock levels 
( ± 5V) and the L Sh pin should be 
tied either to the system ground or 
to the negative supply pin. If the 
same supplies as above are used 
but T 2 L clock levels, derived from 
OV to 5V supply, are only available, 
the L Sh pin should be tied to the 
system ground. For single supply 
operation (OV and 10V) the V B , V A 
pins should be connected to the 
system ground, the AGND pin 
should be biased at 5V and the L 
Sh pin should also be tied to the 
system ground. This will accom- 
modate both CMOS and T 2 L clock 
levels. 


CLK (A or B) Clock inputs for each switched 

capacitor filter building block. They 
should both be of the same level 
(T 2 L or CMOS). The level shift (L Sh) 
pin description discusses how to 
accommodate their levels. The duty 
cycle of the clock should preferably 
be close to 50% especially when 
clock frequencies above 200 kHz 
are used. This allows the maximum 
time for the op amps to settle 
which yields optimum filter 
operation. 


50/100/CL By tying the pin high a 50:1 clock to 

filter center frequency operation is 
obtained. Tying the pin at mid sup- 
plies (i.e., analog ground with dual 
supplies) allows the filter to oper- 
ate at a 100:1 clock to center fre- 
quency ratio. When the pin is tied 
low, a simple current limiting cir- 
cuitry is triggered to limit the 
overall supply current down to 
about 2.5 mA. The filtering action is 
then aborted. 


AGND Analog ground pin; it should be 

connected to the system ground 
for dual supply operation or biased 
at mid supply for single supply 
operation. The positive inputs of 
the filter op amps are connected to 
the AGND pin so “clean” ground is 
mandatory. The AGND pin is pro- 
tected against static discharge. 
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MF1 


Modes of Operation 


The MF10 is a switched capacitor (sampled data) filter. To 
fully describe its transfer functions, a time domain ap- 
proach will be appropriate. Since this may appear cumber- 
some and, since the MF10 closely approximates con- 
tinuous filters, the following discussion is based on the 
well known frequency domain. The following illustrations 
refer to 1/2 of the MF10; the other 1/2 is identical. Each 
MF10 can produce a full 2nd order function, so up to 4th 
order functions can be performed by using cascading 
techniques. 

MODE 1: Notch 1, Bandpass, Lowpass Outputs: f notch = f Q 
(See Figure 4) 


Q = = B§ 

BW R2 

= quality factor of the complex pole pair. 

BW = the - 3 dB bandwidth of the bandpass output. 

Circuit dynamics: 

Holp- ~^por Hobp= Holp* Q = Hon x Q- 

HolP (peak) — Q X HoLP (f° r high Q’S) 

The above expressions are important. They deter- 
mine the swing at each output as a function of 
the desired Q of the 2nd order function. 


f 0 = center frequency of the complex pole pair 

= fg.K fci_K 
100 50 

f notch = center frequency of the imaginary zero pair = f Q . 

R2 

H 0L p = Lowpass gai n (as f — 0) = - — 

Hi 

RO 

H 0 bp = Bandpass gain (at f = f q) = - — , 


Hon = Notch output gain as] f— 0 


f- f CLK/2 


MODE la: Non-Inverting BP, LP (See Figure 5) 


f CLK f CLK 
' 100 50 


Holp = 1; HoLP(peak)-Q x HoLp(f° r high Q’s) 

H R3 

Hopeh = "r2 

H 0 bp 2 = 1 (non-inverting) 

Circuit dynamics: H 0 bp 1 = Q 


bp a lpa 



FIGURE 4. MODE 1 



FIGURE 5. MODE la 
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Modes of Operation (Continued) 


MODE 2: Notch 2, Bandpass, Lowpass: f notch < to 
(See Figure 6) 

f 0 = center frequency 


fcLK 

100 




R2 

R4 


+ 1 


f notch — 


fcLK f CLK 

100 50 


Q = quality factor of the complex pole pair , 

= yi 32/R4 + 1 

R2/R3 


Hqlp = Lowpass output gain (as f— 0) 


= R2/R1 

R2/R4 + 1 

Hqbp = Bandpass output gain (at f = f Q ) = - R3/R1 
Hqn 1 = Notch output gain (as f— 0) 

= - R2/R1 

R2/R4+1 

H 0 n 2 = Notch output gain ^as f-^—^ = - R2/R1 
Filter dynamics: H 0 bp = Q^H 0 lp H 0 n 2 = Q VHqn-, H 0 n 2 


MODE 3: Highpass, Bandpass, Lowpass Outputs 
(See Figure 7) 



Q = quality factor of the complex pole pair 


R2 R3 
R4 R2 


H 0 hp = Highpass gain ^asf— / = 

R3 

H 0 bp = Bandpass gain (at f = f J = - — 

R4 

H 0 lp = Lowpass gain (as f— 0) = - 


R2 

R1 


Circuit dynamics: = q^- P ; Hobp = ^H ohp x HqlpxQ 

H4 rioLP 

NoLP(peak)— Q x H 0L p (for high Q’s) 

Rqhp (peak) — Q x H OH p(for high Q’s) 


R4 



Cc* 

rHH 



In Mode 3, the feedback loop is closed around the input 
summing amplifier; the finite GBW product of this op amp 
causes a slight Q enhancement. If this is a problem, con- 
nect a small capacitor (10 pF-100 pF) across R4 to provide 
some phase lead. 
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MF10 


Modes of Operation (Continued) 

MODE 3a: HP, BP, LP and Notch with External Op Amp 
(See Figure 8) 


fo 

Q = V 

H OHP = - 
H OBP = - 

Holp = - 


100 


f CLK ^ /R2 ^ f CLK % 


R4 50 


R2 y 
R4 X 

R3 

R2 

R2 


RI 


R3 


RI 


R4 



R1 


fn 

Hon 

Hnl 

H n2 


= notch frequency = 


f CI_K 

100 


R, 50 


= gain of notch at f = f Q = 


\ R i 


I Rh 
Ri 
Ra 


Holp - p^HqhP 


= gain of notch (as f— 0) = Holp 
R| 

= gain of notch ^asf-^pj = -^xHqhp 


MODE 4: Allpass, Bandpass, Lowpass Outputs 
(See Figure 9) 

f 0 = center frequency 

f CLK f CLK . 

100 50 ’ 


f 2 — ■ center frequency of the complex zero pair = f 0 

_ to R3. 

" BW R2’ 

RO 

Q z = quality factor of complex zero pair = — 


For AP output make RI = R2 

<clk \ _ _R2_ 

2 ) ~ RI" 

Holp = Lowpass gain (as f— 0) 

- -(sH — 

H 0 bp = Bandpass gain (at f = f 0 ) 

= _R3 / 1 + R?\ = - 2 (™\ 

R2 \ RI/ \R2/ 

Circuit dynamics: H 0 bp = (Holp)xQ = (H 0 ap+ *•) Q 

‘Due to the sampled data nature of the filter, a slight mismatch of f z and 
f 0 occurs causing a 0.4 dB peaking around f Q of the allpass filter 
amplitude response (which theoretically should be a straight line). If this 
is unacceptable, Mode 5 is recommended. 


Hqap = Allpass gain ( at 0 < f < 


^atC 


R4 
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Modes of Operation (Continued) 

MODE 5: Numerator Complex Zeros, BP, LP 
(See Figure 10) 

f I* . R 2 f CLK ' , R2 w ^CLK 

f o “V 1 R4 100 V 1 R4 50 
t \ /i fm ^ fcLK ^ A R^~ fcLK 

fz = V 1 " R 4 X l00 Or V 1 "R4 >< "50r 


Q = VI + R2/R4 x r - 
Q z = Vi -R1/R4 x l 


MODE 6a: Single Pole, HP, LP Filter (See Figure 11) 

f c = cutoff frequency of LP or HP output 


R2^clk R2^clk 
R3 100 R3 50 


m R 3 

h °lp =- m 


Ho 21 

= gain at C.z 

output ( 

H 0 z2 

= gain at C.z 

output 

Hobp 

ii 

—‘•IN) 

+ 

*R3 

X R2 

h olp 

/R2 + R1 


\R2 + R4 

) X R1 


(“'-¥) 


R2 (R4-R1) 
R1 (R2+R4) 


MODE 6b: Single Pole LP Filter (Inverting and 
Non-Inverting) (See Figure 12) 

f c = cutoff frequency of LP outputs 

R2 f CLK R2 ^CLK 

“ R3 100 R3 50 

Holp-i = 1 (non-inverting) 

U nu 

H 0L p 2 = - Fo 



FIGURE 10. MODE 5 



FIGURE 11. MODE 6a 
R 2 LPaIN.INV.) Vin LPa(INV) 


3(18) 5(1 6)| 

2(19) 


+ s^— * 

R3 



FIGURE 12. MODE 6b 
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Applications Information 

HOW TO USE THE { CLK /f 0 RATIO SPECIFICATION 

The MF10 is a switched capacitor filter designed to ap- 
proximate the response of a 2nd order state variable filter. 
When the sampling frequency is much larger than the fre- 
quency band of interest, the sampled data filter is a good 
approximation to its continuous time equivalent. In the 
case of the MF10, this ratio is about 50:1 or 100:1. Never- 
theless the filter’s response must be examined in the 
z-domain in order to obtain the actual response. It can be 
shown that the clock frequency to center frequency ratio, 
fci_K/fo and the quality factor, Q, deviate from their ideal 
values determined in the continuous time domain. These 
deviations are shown graphically in Figures 13 and 14. The 
ratio, fcLK/fo, is a function of the ideal Q and the largest 
errors occur for the lowest values of Q. 

The curve for the f CLK /f 0 ratio versus the ideal Q has been 
normalized for a Q of 10 which is the Q value used for the 
fcLK^o ratio testing of the MF10. At this point the f CLK /f 0 
ratio is 49.94 in the 50:1 mode and 99.35 in the 100:1 mode. 
These values are within a maximum tolerance of ± 0.6% 
(MF10B) and ±1.5% (MF10C). The above tolerances hold 
for the entire range of Q’s; in other words, at 50:1, an 
MF10B has a ratio of 49.94 ±0.6% (Q = 10) and this ratio 
becomes (49.44 ±0.6%) at Q = 2.1. If these small errors 
cannot be tolerated, the clock frequency or the resistor’s 
ratio, in Mode 3 and Mode 2, can be adjusted accordingly. 



0.1 1.0 10 100 


IDEAL Q 
FIGURE 13 



0.1 1.0 10 100 


IDEAL Q 
FIGURE 14 

A SIMPLE AND INFORMATIVE FILTER DESIGN USING 
THE MF10 

Example 1: Design a 4th order 2 kHz lowpass maximally 
flat (Butterworth filter). The overall gain of the 
filter is desired to be equal to 1V/V. 

The 4th order filter can be built by cascading two2nd order 
sections of (f 0 , Q) equal to: Q = 0.541, f Q = 2 kHz, Q = 1.306, 
f 0 = 2 kHz. 

Due to the low Q values of the filter, the dynamics of the 
circuit are very good. Any of the modes of operation can be 
used but Mode la is the most simple: 


0 = 0.541 
f 0 =2 kHz 

H 

0 = 1.306 
f 0 =2 kHz 

1/2MF10 


1/2MF10 

MODE la 


MODE la 

R3/R2=0.541 


R3/R2=1.306 


FIGURE 15 

Since for the first section the smallest resistor is R3, 
choose R3> 5k. Assume R3 = 10k then R2 = 18.48k. For the 
second section choose R2 = 10k and then R3 = 13.06k. 
Both clock input pins (10, 11) can be tied together and then 
driven with a single external clock. If the approximate ratio 
fcLK^lOO is chosen (pin 12 is grounded), then with a 200 kHz 
clock, the cutoff frequency, f c , will be at 2 kHz with a 1.5% 
maximum error. 

The filter schematic is shown in Figure 16. 



FIGURE 16. 4th Order, 2 kHz Lowpass Butterworth Filter 
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Applications Information (Continued) 

With a ± 5V supply, each output node of the 1C (pins 1 , 2, 3, 
18, 19,20) will swing to ±3.8V (MF10B) or ± 3.2V (MF10C). 
The maximum gain of 1.306 occurs at pin 19 at f Q ^ 2 kHz. 
The input voltage amplitude should be limited to less than 
7.6 Vp-p/1.306 = 5.8 Vp-p. If the Q of 1.306 section of the 
MF10 precedes the Q of 0.541 section, the maximum gain 
is at pin 1. This gain can be calculated from the expression 
for H 0 p given in Definition of Terms, and equals 1.41. 

Getting Optimum Cutoff Frequency, f c , Accuracy 
(if needed): 

In the previous example, an approximate 100:1 ratio was 
assumed. The true f CLK /f 0 ratio should be read from the 
curves, Figures 13 and 14. At 100:1 the normalized ratio to 
Q = 10 is: f CLK /f 0 = 99.35. For Q’s of 0.541 and 1.306 this 
ratio becomes 99.35-0.75% =98.6. For a 2 kHz f c , the 
clock frequency should be 2 kHz x 98.6 = 197.2 kHz. 

With an MF10B and a 197.2 kHz clock, the maximum error 
on the 2 kHz cutoff frequency is ±0.6% as indicated in the 
specs. 

If only a 200 kHz is available in Mode la, the true value 
of f c and its maximum error is: 200 kHz/(98.6±0.6%) = 
2028 + 0.6%. 

If only a 200 kHz is available and there is need for a tight 
tolerance cutoff frequency, then Mode 3 should be used in- 
stead of Mode la. The resistor ratios are: 

1 st Section, Q = 0.541 2nd Section, Q = 1.306 

R2/R4 = 0.972 R2/R4 = 0.972 

R3/R2 = 0.548 R3/R2 = 1.324 

R4/R1 = 1 R4/R1 = 1 


MF10 OFFSETS 

The switched capacitor integrators of the MF10 have 
higher equivalent input offset than the typical R,C in- 
tegrator of a discrete active filter. These offsets are 
created by a parasitic charge injection from the switches 
into the integrating capacitors; they are temperature and 
clock frequency independent and their sign is shown to be 
consistent from part to part. The input offsets of the 
CMOS op amps also add to the overall offset, but their 
contribution is very small. Figure 17 shows an equivalent 
circuit from where output DC offsets can be calculated. 

Vqsi =0 mV to ±10 mV 

Vqs 2 = charge injected offset plus op amp offset 
= - 120 mV to - 170 mV (at 50:1) 

Vqs 3 = charge injected offset plus op amp offset 
= 100 mV to 150 mV (at 50:1) 

The V 0 s 2 and Vos 3 numbers approximately double at 100:1. 

Output Offsets 

The DC offset at the BP output(s) of the MF10 is equal to 
tne inpui offset oi iiie iuwpeiaa awuCl'icd capacitor in- 
tegrator, V 0S3 . 

The DC offsets at the remaining outputs are roughly 
dependent upon the mode of operation and resistor ratios. 

Mode 1 and Mode 4 


V OS(N) 

= V OS1 ^ + 1 + 

IMI)- V “ 

V OS(BP) 

= V OS3 


VOS(LP) 

= VqS(N) ~ V(DS2 




FIGURE 17 
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MF10 




MF10 


Applications Information (Continued) 


Mode 2 and Mode 5 

VoS(N) = (jg+l) V OSlX i + R2/R4 


+ v 0S2 

1 + R4/R2 
R P = R1//R2//R4 


v OS3 

Qn/1 + R2/R4 ’ 


V OS(BP) = VoS3 

V OS(LP) = VqS(N) - VqS2 


Mode 3 


V OS(HP) = VoS2 

V OS(BP) = VoS3 

V OS(LP) = _ V OS3 + V 0S 2 ^ + 

^ ( 1 + ^) v °si ;R p= R1/,R3/ /R 4 

Mode la 

Vos(N.INV.BP) = (l + lj V os ,-^f 

Vos(INV.BP) =V 0S 3 

V 0S (LP) =V OS (N.INV.BP)-Vos2 


Comments on output DC offsets: For most applications, 
the outputs are AC coupled and the DC offsets are not 
bothersome unless large input voltage signals are applied 
to the filter. For instance, if the BP output is used and it is 
AC coupled, the remaining two outputs should not be 
allowed to saturate. If so, gain nonlinearities and f 0 , Q 
errors will occur. For Mode3 of operation a word of caution 
is necessary: by allowing small R2/R4 ratios and high Q, 
the LP output will exhibit a couple of volts of DC offset and 
an offset adjustment should be made. 

An extreme example: Design a 1 .76 kHz BP filter with a Q of 
21 and a gain equal to unity. The MF10 will be driven with a 
250 kHz clock, and it will be switched 50:1. 


Resistor values: /§ f = ~ x 50 = 0.352; = 0.124 


i= 21 *ak= 59 - 63; 



Since R3/R2 is the highest resistor ratio, start with 
R2 = 10k, then R3^600k, R1 = 600k, R4 = 80k. Assuming 
V 0 si = 2 mV, Vos 2 = - 150 mV, Vos 3 = 150 mV, the DC offset 
at the LP output is V 0 s(lp) = + 1.2V. The offset adjustment 
will be done by injecting a small amount of current into the 
inverting input of the first op amp, Figure 18. This will 
change the effective Vosi, but the output DC offset of the 
HP and BP will remain unchanged. 


5V SUPPLY 



FIGURE 18. V os Adjust Scheme 
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National 
Semiconductor 

TP5116A, TP5117A, TP5156A Monolithic CODECs 


General Description 

The TP5116A, TP5117A and TP5156A are monolithic PCM 
CODECs implemented with double-poly CMOS tech- 
nology. The TP5116A and TP5117A are intended for ^-law 
applications and the TP5156A is for A-law applications. 
The TP5117A has a D3 compatible format for line card 
compatibility with the TP5156A. 

Each device contains separate D/A and A/D circuitry, all 
necessary sample and hold capacitors, and internal 
auto-zero circuits. Each device also contains a precision 
internal voltage reference, eliminating the need for an 
external reference. There are no internal connections to 
pins 15 or 16, making them directly interchangeable with 
CODECs using external reference components. 

All devices are intended to be used with the TP3040 
monolithic PCM filter which provides the input anti- 
aliasing function for the encoder and smooths the output 


of the decoder and corrects for the sin x/x distortion in- 
troduced by the decoder sample and hold output. 

Features 

■ Low operation power— 50 mW typical 

■ ±5V operation 

■ TTL compatible digital interface 

■ Internal precision reference on TP5116A, TP5117A and 
TP5156A 

■ Internal sample and hold capacitors 

■ Internal auto-zero circuit 

■ TP5116A— /i-law coding (sign plus magnitude format) 

■ THblV/A— -/i-iaw, u3compaiiuie luimai. 

■ TP5156A— A-law coding 

■ Synchronous or asynchronous operation 


Simplified Block Diagram 


ANALOG 

INPUT 


ANALOG 

OUTPUT 


SAMPLE AND 
HOLD A/D 


rAnfl I Un 

D> 


SAMPLE AND HOLD 


<} 








I 

SERIAL 

L 

1 

BUFFER 

r 


DIGITAL 

OUTPUT 


-XMIT CLOCK 

- XMIT SYNC 

MASTER 
‘ CLOCK 

■ RCV CLOCK 

■ RCV SYNC 


. DIGITAL 
INPUT 


Connection Diagram 


Dual-In-Line Package 
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TP5116A, TP5117A, TP5156A 


Absolute Maximum Ratings 

Operating Temperature -25°Cto +125°C 

Storage Temperature -65°Cto +150°C 

V + with Respect to DIGITALGROUND 7V 

V + with Respect to V - 14V 

V“ with Respectto DIGITALGROUND -7V 

Voltageat Any Input orOutput V - -0.3VtoV + +0.3V 

DC Electrical Characteristics 

Unless otherwise noted T A = 0°C to 70°C, V + =5.0V ±5%, V“ = -5.0V ±5%. Typical characteristics are specified at 

V + = 5.0V, V “ = -5.0V and T A = 25°C. All digital signals are referenced to DIGITAL GROUND. All analog signals are refer- 

enced to ANALOG GROUND. 


DIGITAL INTERFACE 


ll 

Input Current 

0V<V| N <V + 

-10 


10 

nA 

V,L 

Input Low Voltage 




0.6 

V 

V| H 

Input High Voltage 


2.2 



V 

< 

o 

(- 

Output Low Voltage 

l 0L = 3.2 mA 



0.4 

V 

X 

o 

> 

Output High Voltage 

Iqh = 6 m A 

2.4 



V 


ANALOG INTERFACE 


z, 

Analog Input Impedance 
when Sampling 

Resistance in Series with 
Approximately 70 pF 

2 



kfi 

Zo 

Output Impedance at Analog 
Output 



10 

20 

fi 

•in 

Analog Input Bias Current 

> 

o 

ll 

z 

> 

-0.1 


0.1 

m a 

R1 x Cl 

DC Blocking Time Constant 


4.0 



ms 

Cl 

DC Blocking Capacitor 


0.1 




R1 

Input Bias Resistor 




50 

kfi 


POWER DISSIPATION 


•cci 

Operating Current, V cc 

3.5 

7.0 

mA 

'bbi 

Operating Current, V BB 

3.5 

7.0 

mA 


AC Electrical Characteristics 

Unless otherwise noted, the analog input is a 
by passing a 0 dBmO, 1.02 kHz sine wave thr 

Symbol Parameter 

Absolute Level T 


is a 0 dBmO, 1.02 kHz sine wave. The DIGITAL INPUT is a PCM bit stream generated 
through an ideal encoder. All output levels are sin x/x corrected. 

T Conditions I Min I Typ I Max I Units 


Conditions 

The nominal 0 dBmO levels for 
the TP5116A and TP5117A are 
1.227 Vrms and 1.231 Vrms for 
the TP5156A. The resulting 
nominal overload level is 2.5V 
peak for all devices. All gain 
measurements for the encode 
and decode portions of the 
devices are based on these 
nominal levels after the 
necessary sin x/x corrections are 
made. 


g ra 

Receive Gain, Absolute 

T a = 25°C,V + = 5V, V ~ = - 5V 

-0.1 


0.1 

dB 

Grat 

Absolute Receive Gain 

Variation with Temperature 

T a = 0°C to 70°C 

-0.05 


0.05 

dB 

Grav 

Absolute Receive Gain 

V + = 5V ± 5%, V ~ = - 5V ± 5% 

- 0.07 


0.07 

dB 


Variation with Supply Voltage 




AC Electrical Characteristics (Continued) 

Unless otherwise noted, the analog input is a 0 dBmO, 1.02 kHz sine wave. The DIGITAL INPUT is a PCM bit stream generated 
by passing a 0 dBmO, 1.02 kHz sine wave through an ideal encoder. All output levels are sin x/x corrected. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

g xa 

Transmit Gain, Absolute 

T A = 25°C, V + = 5V, V ~~ = — 5V 

-0.1 


0.1 

dB 

g xat 

Absolute Transmit Gain 
Variation with Temperature 

T a = 0°C to 70°C 

-0.05 


0.05 

dB 

g xav 

Absolute Transmit Gain 
Variation with Supply Voltage 

V + = 5V ±5%, V“ = -5V ±5% 

-0.07 


0.07 

dB 

g ral 

Absolute Receive Gain 

CCITT Method 2 Relative to 






Variation with Level 

-10 dBmO 







0 dBmO to 3 dBmO 

-0.3 


0.3 

dB 



-40 dBmO to 0 dBmO 

-0.2 


0.2 

dB 



- 50 dBmO to - 40 dBmO 

-0.4 


0.4 

dB 



- 55 dBmO to - 50 dBmO 

-1.0 


1.0 

dB 

g xal 

Absolute Transmit Gain 

CCITT Method 2 Relative to 






Variation with Level 

-10 dBmO 







0 dBmO to 3 abmu 

— 0.3 


n o 

V.O 

rlD 



-40 dBmO to 0 dBmO 

-0.2 


0.2 

dB 



- 50 dBmO to - 40 dBmO 

-0.4 


0.4 

dB 



- 55 dBmO to - 50 dBmO 

-1.0 


1.0 

dB 

s/d r 

Receive Signal to Distortion 

Sinusoidal Test Method Input 






Ratio 

Level 







-30 dBmO to 0 dBmO 

35 



dBc 



-40 dBmO 

29 



dBc 



-45 dBmO 

25 



dBc 

S/D x 

Transmit Signal to Distortion 

Sinusoidal Test Method Input 






Ratio 

Level 







- 30 dBmO to 0 dBmO 

35 



dBc 



- 40 dBmO 

29 



dBc 



-45 dBmO 

25 



dBc 

Nr 

Receive Idle Channel Noise 

D r = Steady State PCM Code 



0 

dBrncO 

N X 

Transmit Idle Channel Noise 

TP5116A, TP5117A, VF X = 0V 
(No Signaling) 



13 

dBrncO 



TP5156A, VF X = 0V 



-67 

dBmOp 

HD r 

Receive Harmonic Distortion 

2nd or 3rd Harmonic 



-47 

dB 

HD X 

Transmit Harmonic Distortion 

2nd or 3rd Harmonic 



-47 

dB 

PPSR X 

Positive Power Supply 

Input Level = 0V, V cc = 5.0 V DC 

50 



dB 


Rejection, Transmit 

+ 20 mVrms, f = 1.02 kHz 





PPSR R 

Positive Power Supply 

D r = Steady PCM Code, 

40 



dB 


Rejection, Receive 

v cc = 5.0 v dc + 20 mVrms, 
f = 1.02 kHz 





NPSR X 

Negative Power Supply 

Input Level = 0V, V BB = -5.0 V DC 

50 



dB 


Rejection, Transmit 

+ 20 mVrms, f = 1.02 kHz 





NPSR r 

Negative Power Supply 

D r = Steady PCM Code, 

45 



dB 


Rejection, Receive 

V BB = - 5.0 V DC + 20 mVrms, 
f = 1.02 kHz 





CT X r 

Transmit to Receive Crosstalk 

D r = Steady PCM Code 



-75 

dB 

GTrx 

Receive to Transmit Crosstalk 

Transmit Input Level = 0V 



-70 

dB 
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Timing Specifications Unless otherwise noted, T a = 0°C to 70°C, V + - + 5V ± 5%, V - = - 5V ± 5%. All digital 
signals are referenced to DIGITAL GROUND and are measured at V )H and V| L as indicated in the Timing Waveforms. 


MASTER CLOCK Frequency 

XMIT, RCV CLOCK Frequency 

Clock Pulse Width 

MASTER, XMIT, RCV CLOCKS 

Clock Rise and Fall Time 

MASTER, XMIT, RCV CLOCKS 

Sync Pulse Rise and Fail Time 

RCV, XMIT SYNC 

Clock to Sync Delay 

RCV, XMIT 

XMIT SYNC Set-Up Time 

XMIT Data Delay 

Load = 100 pF + 2 LSTTL Loads 

XMIT Data Present 

Load = 100 pF + 2 LSTTL Loads 

XMIT Data TRI-STATE® 

RCV CLOCK to RCV SYNC Delay 

RCV Data Set-Up Time 

RCV SYNC Set-Up Time 

RCV Data Hold Time 

XMIT SYNC Low Time 

64 kHz Operation 

RCV SYNC Low Time 

64 kHz Operation 











Description of Pin Functions Description of Pin Functions (Continued) 


Pin No. Name 

1 ANALOG INPUT 


2 V + 

3 V - 

4 NC 

5 MASTER CLOCK 


6 XMIT SYNC 


7 XMIT CLOCK 


8 DIGITAL OUTPUT 


Function 

ANALOG INPUT to the en- 
coder. This signal will be 
sampled at the end of the 
encoder time slot and the 
resulting PCM code will be 
shifted out during the 
subsequent encode time 
slot. 

5V (±5%) input. 

-5V (±5%) input. 
Unused. 

MASTER CLOCK input 
used to operate the inter- 
nal encode and decode 
sequencers. Should be 
1.536 MHz, 1.544 MHz or 
2.048 MHz. 

Encoder frame sync pulse. 
Normally occurring at an 
8 kHz rate, this pulse is 
nominally eight XMIT 
CLOCK cycles wide. 
Transmit bit clock input 
used to shift out the 
PCM data on DIGITAL 
OUTPUT. May operate 
from 64 kHz to 2.048 MHz. 
May be asynchronous with 
RCV CLOCK. 

Serial PCM TRI-STATE® 
output from encoder. Dur- 
ing the encoder time slot, 
the PCM code for the previ- 
ous sample of ANALOG 
INPUT is shifted out, most 
significant bit first, on the 
rising edge of XMIT 
CLOCK. 


Pin No. Name 

9 RCV SYNC 


10 RCV CLOCK 


11 DIGITAL GROUND 

12 DIGITAL INPUT 


13 ANALOG OUTPUT 


Function 

Decoder frame sync pulse. 
Normally occurring at an 
8 kHz rate, this pulse is 
nominally eight RCV 
CLOCK cycles wide. 

Receive bit clock input 
used to shift in the 
PCM data on DIGITAL 
INPUT. May operate from 
64 kHz to 2048 MHz. May 
be asynchronous with 
XMIT CLOCK. 

All digital levels refer- 
enced to the DIGITAL 
GROUND pin. 

Serial PCM data input to 
me decoder. During the 
decoder time slot, PCM 
data is shifted into 
DIGITAL INPUT, most sig- 
nificant bit first, on the ris- 
ing edge of RCV CLOCK. 

ANALOG OUTPUT from 
the decoder. The decoder 
sample and hold amplifier 
is updated approximately 
15 fis after the end of the 
decode time slot. 


14 

ANALOG GROUND 

All analog signals are 



referenced to the ANALOG 



GROUND pin. 

15 

NC 

Unused. 

16 

NC 

Unused. 


Functional Description 

Approximately 4 /is after the rising edge of the XMIT SYNC 
pulse, the voltage present on the ANALOG INPUT is 
sampled and the process of encoding that sample into a 
PCM code is begun. Simultaneously, the 8-bit PCM code 
corresponding to the previous sample is shifted out of the 
DIGITAL OUTPUT, MSB first, on the rising edge of the next 
eight cycles of the XMIT CLOCK. When XM IT SYNC (which 
is normally eight XMIT CLOCK cycles long) goes low, the 
TRI-STATE® DIGITAL OUTPUT is returned to the high im- 
pedance state. On the TP5116A, the PCM code is in a /*- law 
sign plus magnitude format. The TP5117A PCM output is 
the standard /*- law format wherein the magnitude bits are 
inverted. The TP5156A uses the standard A-law coding. 


An 8-bit PCM code is shifted into DIGITAL INPUT on the 
rising edge of the first eight RCV CLOCK pulses after 
RCV SYNC goes high. RCV SYNC is nominally eight RCV 
CLOCK cycles wide. Approximately 15 s after RCV 


SYNC goes low, the ANALOG OUTPUT is updated to the 
voltage corresponding to the PCM input code. 

All encoding and decoding operations are run off the 
MASTER CLOCK. MASTER CLOCK should be in the 
range of 1.536 MHz to 2.048 MHz and should be syn- 
chronous with XMIT CLOCK and RCV CLOCK. The XMIT 
and RCV CLOCK may vary from 64 kHz to 2.048 MHz. 

Encoding Delay 

The encoding process begins immediately at the begin- 
ning of the encode time slot and is concluded no later 
than 18 time slots later. In normal applications, the PCM 
data is not shifted out until the next time slot 125 /*s later, 
resulting in an encoding delay of 125 ns. In some applica- 
tions it is possible to operate the CODEC at a higher 
frame rate to reduce this delay. With a 2.048 MHz 
MASTER CLOCK, the FS rate could be increased to 
15 kHz, reducing the delay from 125 /* s to 67 ^s. 
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Functional Description (Continued) 

Decoding Delay 

The decoding process begins immediately after the end 
of the decoder time slot. The output of the decoder sam- 
ple and hold amplifier is updated 28 MASTER CLOCK 
cycles later. The decoding delay is therefore approxi- 
mately 28 clock cycles plus one half of a frame time or, 
81 iis for a 1.544 MHz system with an 8 kHz frame rate or, 
76 ns for a 2.048 MHz system with an 8 kHz frame rate. 
Again, for some applications the frame rate could be in- 
creased to reduce this delay. 


Typical Application 


of resistor R1 and DC blocking capacitor Cl, are non- 
critical. The capacitor value should exceed 0.1 /iF, R1 
should be less than 50 kfl, and the product R1 x Cl should 
exceed 4 ms. 


XMIT GAIN = 20 x log 


RCV GAIN = 20 x log 


/ R3 + R2 \ 
' R2 / 

(—) 

VR4 + R5/ 


A typical application of these CODECs used in conjunc- 
tion with theTP3040 PCM filter is shown below. The values 


The power supply decoupling capacitors should be 
0.1 fiF. In order to take advantage of the excellent noise 
performance of these CODECs, care must be taken in 
board layout to prevent coupling of digital noise into the 
sensitive analog lines. For card insertion into a hot con- 
nector, care should be taken to insure that GNDA and 
GNDD are contacted prior to V cc and V BB . 



CU Vpy 0 

V FX*~ 


GS X 

GNDA 

TP304Q 

PYVHU 


PWRI 

vfrO 

V FR* 

r 1 "zl 
*1 


1 ANALOG XMIT CLK L 

GND I 

CODEC I 


it * 





National 

Semiconductor 


TP3020/TP3021 Monolithic CODECs 


General Description 

The TP3020 and TP3021 are monolithic PCM CODECs im- 
plemented with double-poly CMOS technology. The 
TP3020 is intended for /*-law applications and contains 
logic for ji-law signaling insertion and extraction. The 
TP3021 is intended for A-law applications. 

Each device contains separate D/A and A/D circuitry, all 
necessary sample and hold capacitors, a precision volt- 
age reference and internal auto-zero circuit. A serial con- 
trol port allows an external controller to individually 
assign the PCM input and output ports to one of up to 32 
time slot* 5 nr tn plane the CODEC into a Dower-down 
mode. Alternately, the TP3020/TP3021 may be operated 
in a fixed time slot mode. Both devices are intended to be 
used with the TP3040 monolithic PCM filter which pro- 
vides the input anti-aliasing function for the encoder and 
smoothes the output of the decoder and corrects for the 
sin x/x distortion introduced by the decoder sample and 
hold output. 


Features 

■ Low operation power— 45 mW typical 

■ Low standby power— 1 mW typical 

■ ±5V operation 

■ TTL compatible digital interface 

■ Time slot assignment or alternate fixed time slot modes 

■ Internal precision reference 

■ Internal sample and hold capacitors 

■ Internal auto-zero circuit 

■ TP3020— /i-law coding with signaling capabilities 
H TP3021 — A-law coding 

■ Synchronous or asynchronous operation 


Simplified Block Diagram 


VF X 


VFr 
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Absolute Maximum Ratings 





Operating Temperature 

- 25°Cto + 125°C 





Storage Temperature 

-65°Cto -f 150°C 





Vqc with Respect to G N DD 

7V 





Vcc with Respect to V BB 

14V 





V BB with Respect to GN DD 

- 7V 





Voltage at Any Input or Output 

V BB -0.3V to V cc + 0.3V 





Lead Temperature (Soldering, 10 seconds) 

300°C 





DC Electrical Characteristics Unless otherwise noted T A = 0°C to 70°C,V cc = 5.0V ±5%,V BB = -5.0V ±5%. 

Typical characteristics are specified at V cc = 5.0V, V BB = — 5.0V and T A = 25°C. All digital signals are referenced to GNDD. All 

analog signals are referenced to GNDA. 






Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

DIGITAL INTERFACE 

l| 

Input Current 

0<V| N <V C c 

-10 


10 


V,L 

Input Low Voltage 



■ 

0.6 


V,H 

Input High Voltage 



■ 


1 

V 0 L 

Output Low Voltage 

D x , I O l = 4.0 mA 


I 

0.4 

1 



SIG r , I O l= 0.5 mA 


■ 

0.4 




TS X , Iol = 3.2 mA, Open Drain 



0.4 




PDN, l 0L = 1.6 mA 



0.4 


V 0 H 

Output High Voltage 

Dx, Ioh 111 ® rnA 


■ 





SIG R , Ioh = 0.6 mA 





ANALOG INTERFACE 

z, 

VF X Input Impedance when 

Resistance in Series with 

2.0 



kfi 


Sampling 

Approximately 70 pF 





Z 0 

Output Impedance at VF R 

-3.1V<VF R <3.1V 


10 

20 

n 

o 

> 

Output Offset Voltage at VF R 

D r = PCM Zero Code (TP3020) 
or Alternating ±1 Code(TP3021) 

-25 


25 

mV 

t IN 

Analog Input Bias Current 

V,N = 0V 

-0.1 


0.1 

aA 

RlxCI 

DC Blocking Time Constant 


4.0 



ms 

Cl 

DC Blocking Capacitor 


0.1 




R1 

Input Bias Resistor 




50 

kD 

POWER DISSIPATION 

icco 

Standby Current, V cc 



0.1 

0.4 

mA 

■bbo 

Standby Current, V BB 



0.03 

0.1 

mA 

•cci 

Operating Current, V cc 



4.5 

8.0 

mA 

•bbi 

Operating Current, V BB 



4.5 

8.0 

mA 

' 
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AC Electrical Characteristics Unless otherwise noted, the analog input is a 0 dBmO, 1.02 kHz sine wave. The 
digital input is a PCM bit stream generated by passing a 0 dBmO, 1 .02 kHz sine wave through an ideal encoder. All output levels 
are sin x/x corrected. 



Typ Max Units 



Absolute Receive Gain 
Variation with Temperature 

Absolute Receive Gain 
Variation with Supply Voltage 


Transmit Gain, Absolute 


Absolute Transmit Gain 
Variation with Temperature 


Absolute Transmit Gain 
Variation with Supply Voltage 


Absolute Receive Gain 
Variation with Level 


Absolute Transmit Gain 
Variation with Level 


Receive Signal to Distortion 
Ratio 


Transmit Signal to Distortion 
Ratio 


Receive Idle Channel Noise 
Transmit Idle Channel Noise 


The nominal 0 dBmO levels for 
the TP3020 and TP3021 are 1.520 
Vrms and 1.525 Vrms respective- 
ly. The resulting nominal 
overload level is 3.096V peak for 
both devices. All gain 
measurements for the encode 
and decode portions of the 
TP3020/TP3021 are based on 
these nominal levels after the 
necessary sin x/x corrections 
are made. 


I t-25°c, V cc = 5\ / 

V B b=-5v"" 

T = 0°C to 70°C 

V CC = 5V ±5%, 

V BB = - 5V ± 5% ‘ 


T = 25°C, V CC = 5V, V bb = — 5V 


T = 0°C to 70°C 


V CC = 5V ±5%, 
V BB = - 5V ±5% 


CCITT Method 2 Relative 
to -10 dBmO 
0 dBmO to 3 dBmO 
-40 dBmO to 0 dBmO 
- 50 dBmO to - 40 dBmO 
-55 dBmO to -50 dBmO 


CCITT Method 2 Relative 
to -10 dBmO 
0 dBmO to 3 dBmO 
, -40 dBmO to 0 dBmO 

- 50 dBmO to - 40 dBmO 

- 55 dBmO to - 50 dBmO 


Sinusoidal Test Method Input 
Level 

-30 dBmO to 0 dBmO 
-40 dBmO 
-45 dBmO 

Sinusoidal Test Method Input 
Level 

-30 dBmO to 0 dBmO 
-40 dBmO 
-45 dBmO 

D R = Steady State PCM Code 

TP3020, VF x = 0V (No Signaling) 
TP3021, VF x = 0V 



Receive Harmonic Distortion 

2nd or 3rd Harmonic 

Transmit Harmonic Distortion 

2nd or 3rd Harmonic 
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AC Electrical Characteristics (Continued) Unless otherwise noted, the analog input is a 0 dBmO, 1.02 kHz sine 
wave. The digital input is a PCM bit stream generated by passing a 0 dBmO, 1.02 kHz sine wave through an ideal encoder. All 
output levels are sin x/x corrected. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

PPSR X 

Positive Power Supply 
Rejection, Transmit 

Input Level = 0V, V cc = 5.0 V DC 
+ 20 mVrms, f = 1.02 kHz 

50 



dB 

PPSR r 

Positive Power Supply 
Rejection, Receive 

D r = Steady PCM Code, 

V cc = 5.0 V DC + 20 mVrms, 
f = 1.02 kHz 

40 



dB 

NPSR X 

Negative Power Supply 
Rejection, Transmit 

Input Level = 0V, V BB = -5.0 V DC 
+ 20 mVrms, f = 1 .02 kHz 

50 



dB 

NPSR r 

Negative Power Supply 
Rejection, Receive 

D r = Steady PCM Code, 

V B b = - 5.0 V DC + 20 mVrms, 
f = 1.02 kHz 

45 



dB 

CT xr 

Transmit to Receive Crosstalk 

D R = Steady PCM Code 



-75 

dB 

CTrx 

Receive to Transmit Crosstalk 

Transmit Input Level = 0V 



-70 

dB 


Timing Specifications Unless otherwise noted, T A = 0°C to 70°C, v cc = 5.0±5%, V bb = -5.0 ±5%. All digital 
signals are referenced to GNDD and measured at V )L and V (H levels as indicated in the Timing Waveforms. 


Symbol 

Parameter 

Conditions 

. 

Min 

Typ 

Max 


*pc 

Period of Clock 

CLK c , CLK r , CLK x 

488 



ns 

tRC> *FC 

Rise and Fall Time of Clock 

CLK c , CLKr, CLK x 



30 

ns 

twCH 

Width of Clock High 

CLK c , CLKr, CLK x 

165 



ns 

l WCL 

Width of Clock Low 

CLK c , CLKr, CLK x 

165 



ns 

*A/D 

A/D Conversion Time 

From End of Encoder Time 

Slot to Completion of 
Conversion 



16 

Time 

Slots 

*D/A 

D/A Conversion Time 

From End of Decoder Time 

Slot to Transition of VF R 



2 

Time 

Slots 

tsDC 

Set-Up Time, D c to CLK c 


100 



ns 

^HDC 

Hojd Time, CLK c to DC 


100 



. ns 

tsFC 

Set-Up Time, FS X or CLK X 


100 



ns 

*HFX 

Hold Time, CLK X to FS X 


100 



ns 

*DZX 

Delay Time to Enable D x on 

TS Entry 

C L = 150 pF 



125 

ns 

^DDX 

Delay Time, CLK X to D x 

C L =150 pF 



. 125 

ns 

l DXZ 

Delay Time, D x to High 
Impedance State on TS Exit 

C L = 0 pF 

50 


165 

ns 

tDTSL 

Delay to TS X Low 

0<C|_< 150 pF 

30 


185 

ns 

tDTSH 

Delay to fs x Off 

C L =0pF 

30 


185 

ns 

*ssx 

Set-Up Time, SIG X to CLK X 


100 



ns 

*HSX 

Hold Time, CLK X to SIG X 


100 



ns 

tsFR 

Set-Up Time, FS R to CLK R 


100 



ns 

^HFR 

Hold Time, CLK R to FS R 


100 



ns 

^SDR 

Set-Up Time, D R to CLK R 


40 



ns 

^HDR 

Hold Time, CLK R to D R 

1 

30 



ns 

DC 

CO 

Q 

Delay Time, CLK R to SIG R 

C L = 100 pF 



300 

ns 
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TP3020/TP3021 


Connection Diagrams 

Dual-In-Line Package Dual-In-Line Package 




Description of Pin Functions 


TP3020 


Pin No. Name 


Function 


1 

2 

3 


4 

5 

6 


7 

8 


9 


10 


NC Unused 

NC Unused 

VF X Analog input to the encoder. This 

signal will be sampled at the end of the 
encoder time slot and the resulting 
PCM code will be shifted out during 
the subsequent encode time slot. 

NC Unused 

GNDA Analog ground. All analog signals are 

referenced to this pin. 

SIG r Receive signaling bit output. During 

receive signaling frames the least sig- 
nificant (last) bit shifted into D R is in- 
ternally latched and appears at this 
output— SIG r will then remain valid 
until changed during a subsequent 
receive signaling frame or reset by a 
power-down command. 

NC Unused 

D r Serial PCM data input to the decoder. 

During the decoder time slot, PCM 
data is shifted into D R , most signifi- 
cant bit first, on the falling edge of 
CLK r . 

PDN TTL output level which goes high when 

the CODEC is in the power-down 
mode. May be used to power-down 
. other circuits associated with the 
PCM channel. Can be wire ANDed with 
other PDN outputs. 

VF r Analog output from the decoder. The 
decoder sample and hold amplifier is 
updated approximately 15 ^s after the 
end of the decode time slot. 


TRI-STATE® is a registered trademark of National Semiconductor Corp. 


TP3020 (Continued) 
Pin No. Name 


11 

12 

13 

14 


15 


16 

17 


18 


NC 

NC 


Function 


Unused 


Unused 


GNDD Digital ground. All digital levels are ref- 
erenced to this pin. 

D x Serial PCM TRI-STATE® output from 
the encoder. During the encoder time 
slot, the PCM code for the previous 
sample of VF X is shifted out, most 
significant bit first, on the rising edge 
of CLK X . 

TS X Time slot output. This TTL compatible 
open-drain otitput pulses low during 
the encoder time slot. May be used to 
enable external TRI-STATE® bus driv- 
ers if highly capacitive loads must be 
driven. Can be wire ANDed with other 
TS X outputs. 

V cc 5V ( ± 5%) input. 

CLK R Master decoder clock input used to 
shift in the PCM data on D R and to 
operate the decoder sequencer. May 
operate at 1.536 MHz, 1.544 MHz or 
2048 MHz. May be asynchronous with 
CLK x or CLK c . 

FS R Decoder frame sync pulse. Normally 
occurring at an 8 kHz rate, this pulse is 
nominally one CLK R cycle wide. 
Extending the width of FS R to two or 
more cycles of CLK R signifies a 
receive signaling frame. 
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Description of Pin Functions (Continued) 

TP3020 (Continued) 


Pin No. Name 


Function 


19 


20 


21 


22 

23 


24 


CLK X Master encoder clock input used to 
shift out the PCM data on D x and to 
operate the encoder sequencer. May 
operate at 1.536 MHz, 1.544 MHz or 
2.048 MHz. May be asynchronous with 
CLKr or CLK c . 

FS X Encoder frame sync pulse. Normally 

occurring at an 8 kHz rate, this pulse is 
nominally one CLK X cycle wide. Ex- 
tending the width of FS X to two or 
more cycles of CLK X signifies a 
transmit signaling frame. 

SIG X Transmit signaling input. During a 

transmit signaling frame, the signal at 
SIG X is shifted out of D x in place of the 
least significant (last) bit of PCM d?.t? 

V BB -5V(±5%) input. 

D c Serial control data input. Serial data 

on D c is shifted into the CODEC on the 
falling edge of CLK c . In the fixed time 
slot mode, D c doubles as a power- 
down input. 

CLK c Control clock input used to shift serial 
control data into Dq. CLK c must pulse 
8 times during a period of time less 
than or equal to one frame time, 
although the 8 pulses may overlap a 
frame boundary. CLK c need not be 
synchronous with CLK X or CLK R . 
Connecting CLK c continuously high 
places the TP3020/TP3021 into the 
fixed time slot mode. 


TP3021 

Pin No. Name Function 


1 

2 

3 


4 

5 

6 
7 


8 


NC Unused 

NC Unused 

VF X Analog input to the encoder. This 

signal will be sampled at the end of the 
encoder time slot and the resulting 
PCM code will be shifted out during 
the subsequent encode time slot. 

NC Unused 

GNDA Analog ground. All analog signals are 

referenced to this pin. 

NC Unused 

D r Serial PCM data input to the decoder. 

During the decoder time slot, PCM 

data is shifted into D r , most signifi- 
cant bit first, on the falling edge of 
CLK r . 

PDN Open drain output which turns off 

when the CODEC is in the power-down 
mode. May be used to power-down 
other circuits associated with the 
PCM channel. Can be wire ANDed with 
other PDN outputs. 


TP3021 (Continued) 

Pin No. Name 

9 VF r 

10 NC 

11 . NC 

12 GNDD 

13 D x 

14 fS x 


15 V cc 

16 CLKr 


17 FSr 


18 CLK X 


19 FS X 

20 V BB 

21 D c 


22 CLK c 


Function 

Analog output from the decoder. The 
decoder sample and hold amplifier is 
updated approximately 15 /is after the 
end of the decode time slot. 

Unused 

Unused 

Digital ground. All digital levels are 
referenced to this pin. 

Serial PCM TRI-STATE® output from 
the encoder. During the encoder time 
slot, the PCM code for the previous 
sample of VF X is shifted out, most 
significant bit first, on the rising edge 
of CLK X . 

Time slot output. This TTL compatible 
opeii-iiiciiii uuipui pulses lev. during 
the encoder time slot. May be used to 
enable external TRI-STATE® bus 
drivers if highly capacitive loads must 
be driven. Can be wire ANDed with 
other TS X outputs. 

5V (±5%) input. 

Master decoder clock input used to 
shift in the PCM data on D R and to 
operate the decoder sequencer. May 
operate at 1.536 MHz, 1.544 MHz or 
2.048 MHz. May be asynchronous with 
CLK X or CLK c . 

Decoder frame sync pulse. Normally 
occurring at an 8 kHz rate, this pulse is 
nominally one CLKr cycle wide. 
Master encoder clock input used to 
shift out the PCM data on D x and to 
operate the encoder sequencer. May 
operate at 1.536 MHz 1.544 MHz, or 
2.048 MHz. May be asynchronous with 
CLKr or CLK c . 

Encoder frame sync pulse. Normally 
occurring at an 8 kHz rate, this pulse is 
nominally one CLK X cycle wide. 

-5V (±5%) input. 

Serial control data input. Serial data 
on Dq is shifted into the CODEC on the 
falling edge of CLK c . In the fixed time 
slot mode, D c doubles as a power- 
down input. 

Control clock input used to shift serial 
control data into D c . CLK c must pulse 
8 times during a period of time less 
than or equal to one frame time, 
although the 8 pulses may overlap a 
frame boundary. CLK c need not be 
synchronous with CLK X or CLKr. 
Connecting CLK c continuously high 
places the TP3020/TP3021 into the 
fixed time slot mode. 
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TP3020/TP3021 


Functional Description 

Power-Up 

Upon application of power, internal circuitry initializes 
the CODEC and places it into the power-down mode. No 
sequencing of 5V or -5V is required. In the power-down 
mode, all non-essential circuits are deactivated, the 
TRI-STATE® PCM data output D x is placed in the high im- 
pedance state and the receive signaling output of the 
TP3020, SIGr, is reset to logical zero. Once in the power- 
down mode, the method of activating the TP3020/TP3021 
depends on the chosen mode of operation, time slot 
assignment or fixed time slot. 

Time Slot Assignment Mode 

The time slot assignment mode of operation is selected 
by maintaining CLKc in a normally low state. The state of 
the CODEC is updated by pulsing CLK c eight times 
within & period of 125 /*s or less. The falling edge of each 
clock pulse shifts the data on the Dc input into the 
CODEC. The first two control bits determine if the subse- 
quent control bits B3-B8 are to specify the time slot for 
the encoder (B1 = 0), the decoder (B2 = 0) or both (B1 and 
B2 = 0) or if the CODEC is to be placed into the power- 
down mode (B1 and B2 = 1). The desired action will take 
place upon the occurrence of the second frame sync 
pulse following the first pulse of CLKc. Assigning a time 
slot to either the encoder or decoder will automatically 
power-up the entire CODEC circuit. The D x output and Dp 
input, however, will be inhibited for one additional frame 
to allow the analog circuitry time to stabilize. If separate 
time slots are to be assigned to the encoder and the 
decoder, the encoder time slot should be assigned first. 
This is necessary because up to four frames are required 
to assign both time slots separately, but only three 
frames are necessary to activate the D x output. If the 
encode time slot has not been updated the PCM data will 
be outputted during the previously assigned time slot 
which may now be assigned to another CODEC. 

Fixed Time Slot Mode 

There are several ways in which the TP3020/TP3021 may 
operate in the fixed time slot mode. The first and easiest 
method is to leave CLK c disconnected or to connect 
CLK c to V cc . In this situation, D c behaves as a power- 
down input. When D c goes low, both encode and decode 
time slots are set to one on the second subsequent frame 
sync pulse. Time slot one corresponds to the eight CLK X 
or CLK R cycles starting one cycle from the nominal 
leading edge of FS X or FSp respectively. As in the time 
slot assignment mode, the D x output is inhibited for one 
additional frame after the circuit is powered up. A logical 
“1” on D c powers the CODEC down on the second subse- 
quent FS X pulse. 

A second fixed time slot method is to operate CLK c con- 
tinuously. Placing a “1” on D c will then cause the serial 
control register to fill up with ones. With B1 and B2 equal 
to “1” the CODEC will power-down. Placing a “0” on D c 
will cause the serial control register to fill up with zeroes, 
assigning time slot one to both the encoder and decoder 
and powering up the device. One important restriction 
with this method of operation is that the rising transition 
of D c must occur at least 8 cycles of CLK c prior to FS X . If 
this restriction is not followed, it is possible that on 


the frame prior to power-down, the encoder could be as- 
signed to an incorrect time slot (e.g., 1, 3, 7, 15 or 31), 
resulting in a possible PCM bus conflict. 

Serial Control Port 

When the TP3020/TP3021 is operated in the time slot 
assignment mode or the fixed time slot mode with 
continuous clock, the data on Dc is shifted into the serial 
control register, bit 1 first. In the time slot assignment 
mode, depending on B1 and B2, the data in the RCV or 
XMT time slot registers is updated at the second FS R or 
FS X pulse after the first CLK c pulse, or the CODEC is 
powered down. In the continuous clock fixed time slot 
mode, the CODEC is powered up or down at every second 
FS r or FS X pulse. The control register data is interpreted 
as follows: 


B1 

B2 

Action 

0 

0 

Assign time slot to encoder and decoder 

0 

1 

Assign time slot to encoder 


1 

0 

Assign time slot to decoder 


1 

1 

Power-down CODEC 



B3 

B4 

B5 

B6 

B7 

B8 

Time Slot 

0 

0 

0 

0 

0 

0 

1 

0 

o 

0 

0 

0 

1 

2 

0 

0 

0 

0 

1 

0 

3 

0 

0 

0 

0 - 

1 

1 

4 

1 

1 

1 

1 

1 

0 

63 

1 

1 

1 

1 i 

i 

1 

64 


During the power-down command, bits 3 through 8 are ig- 
nored. Note that with 64 possible time slot assignments 
it is frequently possible to assign a time slot which does 
not exist. This can be useful to disable an encoder or 
decoder without powering down the CODEC. 

Signaling 

The TP3020 /t-law CODEC contains circuitry to insert and 
extract signaling information for the PCM data. The 
transmit signaling frame is signified by widening the FS X 
pulse from one cycle of CLK X to two or more cycles. 

When this occurs, the data present on the SIG X input at 
the eighth clock pulse of the encode time slot is inserted 
into the last bit of the PCM data stream. A receive signal- 
ing frame is indicated in a similar fashion by widening 
the FSr pulse to two or more cycles of CLK R . 

During a receive signaling frame, the last PCM bit shifted 
in is latched into a flip-flop and appears at the SIG R out- 
put. This output will remain unchanged until the next 
signaling frame, until a power-down is executed or until 
power is removed from the device. Since the least signifi- 
cant bit of the PCM data is lost during a signaling frame, 
the decoder interprets the bit as a “1/2” (i.e., half way be- 
tween a “0” and a “1”). This minimizes the noise and dis- 
tortion due to the signaling. 
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Functional Description (Continued) 

Encoding Delay 

The encoding process begins immediately at the end of 
the encode time slot and is concluded no later than 17 
time slots later. In normal applications, this PCM data is 
not shifted out until the next time slot 125 /xs later, 
resulting in an encoding delay of 125 /xs. In some applica- 
tions it is possible to operate the CODEC at a higher 
frame rate to reduce this delay. With a 2.048 MHz clock, 
the FS rate could be increased to 15 kHz reducing the 
delay from 125 fis to 67 /xs. 

Decoding Delay 

The decoding process begins immediately after the end 
of the decoder time slot. The output of the decoder 
sample and hold amplifier is updated 28 CLK R cycles 

Typical Application 


later. The decoding delay is therefore approximately 28 
clock cycles plus one half of a frame time or 81 /xs for a 
1.544 MHz system with an 8 kHz frame rate or 76 /xs for a 
2.048 MHz system with an 8 kHz frame rate. Again, for 
some applications the frame rate could be increased to 
reduce this delay. 

Typical Application 

A typical application of the TP3020/TP3021 used in con- 
junction with the TP3040 PCM filter is shown. The values 
of resistor R1 and DC blocking capacitor Cl, are non- 
critical. The capacitor value should exceed 0.1 /xF, R1 
should be less than 50 kO, and the product RlxCI 
should exceed 4 ms. 



The power supply decoupling capacitors should be 0.1 nF. In order to take advantage of the excellent noise performance of the TP3020/TP3021/TP3040, care 
must be taken in board layout to prevent coupling of digital noise into the sensitive analog lines. 
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TP3040/TP3040A 



National 

Semiconductor 


TP3040/TP3040A PCM Monolithic Filter 


General Description 

The TP3040/TP3040A filter is a monolithic circuit contain- 
ing both transmit and receive filters specifically designed 
for PCM CODEC filtering applications in 8 kHz sampled 
systems. 

The filter is manufactured using double-poly silicon gate 
CMOS technology. Switched capacitor integrators are 
used to simulate classical LC ladder filters which exhibit 
low component sensitivity. 

TRANSMIT FILTER STAGE 

The transmit filter is a fifth order elliptic low pass filter in 
series with a fourth order Chebyshev high pass filter. It 
provides a flat response in the passband and rejection of 
signals below 200 Hz and above 3.4 kHz. 

RECEIVE FILTER STAGE 

The receive filter is a fifth order elliptic low pass filter 
designed to reconstruct the voice signal from the 
decoded/demultiplexed signal which, as a result of the 
sampling process, is a stair-step signal having the 
inherent sin x/x frequency response. The receive filter 
approximates the function required to compensate for the 
degraded frequency response and restore the flat pass- 
band response. 


Features 

■ Exceeds all D3/D4 and CCITTspecifications 

■ +5V, -5V power supplies 

■ Low power consumption: 

45 mW (60012 0 dBm load) 

30 mW (power amps disabled) 

■ Powerdown mode: 0.5 mW 

■ 20 dB gain adjust range 

■ No external anti-aliasing components 

■ Sin x/x correction in receive filter 

■ 50/60 Hz rejection in transmit filter 

■ TTL and CMOS compatible logic 

■ All inputs protected against static discharge due to 
handling 


Block and Connection Diagrams 


• GS X 



FIGURE 1 
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Absolute Maximum Ratings 

Supply Voltages ±7 V 

Power Dissipation IW/Package 

Input Voltage ±7V 

Output Short-Circuit Duration Continuous 

Operating Temperature Range - 25°C to + 125°C 

Storage Temperature -65°Cto + 150°C 

Lead Temperature(Soldering, 10 seconds) 300°C 


DC Electrical Characteristics 

Unless otherwise noted, T A = 0°C to 70°C, V CC = 5.0V±5%, V BB = -5.0V ±5%, clock frequency is 2.048 MHz. Typical 
parameters are specified at T A = 25°C, V CC = 5.0V, V BB = -5.0V. Digital interface voltages measured with respect to digital 
ground, GNDD. Analog voltages measured with respect to analog ground, GNDA. 


POWER DISSIPATION 


•cco 

V cc Standby Current 

PDN = V DD , Power Down Mode 


*BB0 

V BB Standby Current 

PDN = V DD , Power Down Mode 


J cci 

V cc Operating Current 

PWRI = V BB , Power Amp Inactive 


*BB1 

V BB Operating Current 

PWRI = V BB , Power Amp Inactive 


•CC2 

Vcc Operating Current 

Note 1 


•bB2 

V BB Operating Current 

Note 1 



DIGITAL INTERFACE 


Input Current, CLK 
Input Current, PDN 
Input Current, CLKO 
Input Low Voltage, CLK, PDN 
Input High Voltage, CLK, PDN 
Input Low Voltage, CLKO 
Input Intermediate Voltage, CLKO 
Input High Voltage, CLKO 


v bb- v in- V cc 

V BB- V IN- V CC 

Vbb^V|n<Vcc~2V 


Input Leakage Current, VF X I 
Input Resistance, VF X I 
Input Offset Voltage, VF X I 
Common-Mode Range, VF X ! 
Common-Mode Rejection Ratio 

Power Supply Rejection of Vcc 
or V BB 

Open Loop Output Resistance, 
GS X 

Minimum Load Resistance, GS X 
Maximum Load Capacitance, GS X 
Output Voltqge Swing, GS X 
Open Loop Voltage Gain, GS X 

Open Loop Unity Gain Bandwidth, 
GS V 



-10 

-100 

-10 

0 

2.2 

V BB 

- 0.8 

Vr.r-0.5 



HUB 



- 0.1 

, 0.8 

v cc 

V bb +0.5 

0.8 

v cc 



TP3040/TP3040A 










TP3040/TP3040A 


AC Electrical Characteristics 

Unless otherwise specified, T A = 25°C. All parameters are specified for a signal level of OdBmO at 1 kHz. TheOdBmO level is 
assumed to be 1.54 Vrms measured at the output of the transmit or receive filter. 


Max Units 


TRANSMIT FILTER (Transmit filter input op amp set to the non-inverting unity gain mode, with VF X I = 1.1 Vrms unless other- 


wise noted.) 

RL X 

Minimum Load Resistance, VF x O 

CL X 

Load Capacitance, VF x O 

RO x 

Output Resistance, VF x O 

PSRR1 

V C c Power Supply Rejection, VF x O 

PSRR2 

V BB Power Supply Rejection, VF x O 

GA X 

Absolute Gain 

GR X 

Gain Relative to GA X 


f = 1 kHz (TP3040A) 
f = 1 kHz (TP3040) 

Below 50 Hz 
50 Hz 
60 Hz 

200 Hz (TP3040A) 

200 Hz (TP3040) 

300 Hz to 3 kHz (TP3040A) 
300 Hz to 3 kHz (TP3040) 

3.3 kHz 

3.4 kHz 
4.0 kHz 

4.6 kHz and Above 


Absolute Delay at 1 kHz 

Differential Envelope Delay from 
1 kHz to 2.6 kHz 

Single Frequency Distortion 
Products 

Distortion at Maximum Signal 
Level 

Total C Message Noise at VF x O 
Total C Message Noise at VF x O 


Temperature Coefficient of 
1 kHz Gain 

Supply Voltage Coefficient of 
1 kHz Gain 

Crosstalk, Receive to Transmit 

20 log ^ 

VFrO 

Gaintracking Relative to GA X 


0.16 Vrms, 1 kHz Signal Applied to 
VF X 1 + , Gain = 20 dB, R L = 10k 

Gain Setting Op Amp at 20 dB, 
Non-Inverting, Note 3 
T a = 0°C to 70°C 


V cc = 5.0V ± 5% 

V BB = -5.0V ±5% 

Receive Filter Output = 2.2 Vrms 
VF X I + = 0 Vrms, f = 0.2 kHz to 3.4 kHz 
Measure VF x O 

Output Level = + 3 dBmO 
+ 2 dBmO to - 40 dBmO 
-40dBm0to -55 dBmO 



9-240 












AC Electrical Characteristics (Continued) 

Unless otherwise specified, T A = 25°C. All parameters are specified for a signal level of 0 dBmO at 1 kHz. The 0 dBmO level is 
assumed to be 1.54 Vrms measured at the output of the transmit or receive filter. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

RECEIVE FILTER (Unless otherwise noted, the receive filter is preceded by a sin x/x filter with an input signal level of 1.6 Vrms.) 

IB r 

Input Leakage Current, VF R I 

-3.2V<V, n <;3.2V 

-100 


100 

nA 

RI r 

Input Resistance, VF R I 


10 



MG 

ROr 

Output Resistance, VF r O 



1 

3 

G 

cl r 

Load Capacitance, VF r O 




25 

PF 

RL r 

Load Resistance, VF r O 


10 



kG 

PSRR3 

Power Supply Rejection of V cc or 

VFrI Connected to GNDA 

35 



dB 


Vbb.VFrO 

f = 1 kHz 





vos R o 

Output DC Offset, VFrO 

VFrI Connected to GNDA 

-200 


200 

mV 

GAr 

Absolute Gain 

f = 1 kHz (TP3040A) 

-0.1 

0 

0.1 

dB 



f = 1 kHz (TP3040) 

-0.125 

0 

0.125 

dB 

GRr 

Gain Relative to Gain at i kHz 

beiow 300 Hz 



0.125 

dB 



300 Hz to 3.0 kHz (TP3040A) 

-0.125 


0.125 

dB 



300 Hz to 3.0 kHz (TP3040) 

-0.15 


0.15 

dB 



3.3 kHz 

-0.35 


0.03 

dB 



3.4 kHz 

-0.7 


-0.1 

dB 



4.0 kHz 



-14 

dB 



4.6 kHz and Above 



-32 

dB 

DAr 

Absolute Delay at 1 kHz 




100 

flS 

DDr 

Differential Envelope Delay 1 kHz 
to 2.6 kHz 




100 

fiS 

DP r 1 

Single Frequency Distortion 
Products 

f = 1 kHz 



-48 

dB 

DP r 2 

Distortion at Maximum Signal 

2.2 Vrms Input to Sin x/x Filter, 



-45 

dB 


Level 

f = 1 kHz, R l = 10k 





nc b 

Total C-Message Noise at VFrO 



3 

5 

dBrncO 

GArT 

Temperature Coefficient of 1 kHz 
Gain 



0.0004 


dB/°C 

GArS 

Supply Voltage Coefficient of 

1 kHz Gain 



0.01 


dB /V 

CT X r 

Crosstalk, Transmit to Receive 

Transmit Filter Output = 2.2 Vrms 



-70 

dB 


20log VF "° 

VF x O 

VFrI = 0 Vrms, f = 0.3 kHz to 3.4 kHz 
Measure VF r O 





GR r L 

Gaintracking Relative to GA R 

Output Level = + 3 dBmO 

-0.1 


0.1 

dB 



+ 2 dBmO to - 40 dBmO 

-0.05 


0.05 

dB 



- 40 dBmO to - 55 dBmO 

Note 5 

-0.1 


0.1 

dB 


TJ 

O 

s 


TJ 

CO 

O 

s 
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TP3040/TP3040A 


AC Electrical Characteristics (Continued) 

Unless otherwise specified, T A = 25°C. All parameters are specified for a signal level of 0 dBmO at 1 kHz. The 0 dBmO level is 
assumed to be 1.54 Vrms measured at the output of the transmit or receive filter. 


Max Units 


RECEIVE OUTPUT POWER AMPLIFIER 


IBP 

Input Leakage Current, PWRI 

- 3.2V <V| N < 3.2V 

0.1 


3 

mA 

RIP 

Input Resistance, PWRI 


10 



MO 

ROP1 

Output Resistance, PWRO+, 
PWRO- 

Amplifiers Active 


1 


0 

CLP 

Load Capacitance, PWRO + , 
PWRO- 




500 

PF 

GA P + 

Gain, PWRI to PWRO + 

R l = 600ft Connected Between 


1 


V/V 

GA P - 

Gain, PWRI to PWRO- 

PWRO + and PWRO - , Input 

Level =0 dBmO (Note 4) 


-1 


V/V 

GRpL 

Gaintracking Relative to 0 dBmO 

V = 2.05 Vrms, R L = 600ft ... 4 „ 

V = 1.75Vrms,R' = 300n (N ° ,es4 - 5) 

-0.1 


0.1 

dB 


Output Level 

-0.1 


0.1 

dB 

S/Dp 

Signal/Distortion 

V = 2.05 Vrms, Ri=6001) , . „ 

V = 1.75 Vrms, R L = 3001) <N ° teS 4 ’ 5) 



-45 

dB 





-45 

dB 

VOSP 

Output DC Offset, PWRO + , 
PWRO - 

PWRI Connected to GNDA 

-50 


50 

mV 

PSRR5 

Power Supply Rejection of V cc 
or V BB 

PWRI Connected to GNDA 

45 



dB 


Note 1: Maximum power consumption will depend on the load impedance connected to the power amplifier. The specification listed assumes 0 dBm is 
delivered to 6001) connected from PWRO + to PWRO - . 

Note 2: Voltage input to receive filter at 0V, VFpO connected to PWRI, 6001) from PWRO + to PWRO Output measured from PWRO + to PWRO -. 

Note 3: The 0 dBmO level for the filter is assumed to be 1.54 Vrms measured at the output of the XMT or RCV filter. 

Note 4: The 0 dBmO level for the power amplifiers is load dependent. For R|_ = 6001) to GNDA, the 0 dBmO level is 1.43 Vrms measured at the amplifier output. 
For R|_ = 3001) the 0 dBmO level is 1.22 Vrms. 

Note 5: VFrO connected to PWRI, input signal applied to VFpl. 


Typical Application 


INTERFACE CIRCUIT 
TRANSFORMERS 



Notel: Transmit voltage gain = — TT*? (The filter itself introduces a 3 dB gain), (R1 + R2>10k) 

Note 2: Receive gain = - -- - -- 

R3 + R4 

(R3 + R4> 10k) 

Note 3: In the configuration shown, the receive filter power amplifiers will drive a 6001) T to R termination to a maximum signal level of 8.5 dBm. An alternative 
arrangement, using a transformer winding ratio equivalent to 1.414:1 and 3001) resistor, Rg, will provide a maximum signal level of 10.1 dBm across a 60012 
termination impedance. 

FIGURE 2 






Description of Pin Functions 


No. 

Name 

Function 

1 

VF X I + 

The non-inverting input to 
the transmit filter stage. 

2 

VF X I- 

The inverting input to the 
transmit filter stage. 

3 

GS X 

The output used for gain 
adjustments of the transmit 
filter. 

4 

VFrO 

The low power receive filter 
output. This pin can directly 
drive the receive port of an 
electronic hybrid. 

5 

PWRI 

The input to the receive filter 
differential power amplifier. 

6 

PWRO + 

The non-inverting output of 
the receive filter power 
amplifier. This output can 
directly interface conven- 
tional transformer hybrids. 

7 

PWRO- 

The inverting output of the 
receive filter power amplifier. 
This output can be used with 
PWRO+ to differentially 
drive a transformer hybrid. 

8 

V BB 

The negative power supply 
pin. Recommended input is 
— 5 V. 

9 

V CC 

The positive power supply 
pin. The recommended input 
is 5V. 

10 

VFrI 

The input pin for the receive 
filter stage. 


Typical Performance Characteristics 



0.1 1 10 

FREQUENCY (kHz) 


Pin 

No. 

Name 

Function 

11 

GNDD 

Digital ground input pin. All 
digital signals are refer- 
enced to this pin. 

12 

CLK 

Master input clock. Input fre- 
quency can be selected as 
2.048 MHz, 1.544 MHz or 
1.536 MHz. 

13 

PDN 

The input pin used to power 
down the TP3040/TP3040A 
during idle periods. Logic 1 
(Vcc) input voltage causes a 
powerdown condition. An in- 
ternal pull-up is provided. 

14 

CLKO 

This input pin selects in- 
ternal counters in accord- 
ance with the CLK input 
clock frequency: 



CLK Connect CLKO to: 



2048 kHz V cc 

1544 kHz GNDD 

1536 kHz V bb 

An internal pull-up is 
provided. 

15 

GNDA 

Analog ground input pin. All 
analog signals are refer- 
enced to this pin. Not inter- 
nally connected to GNDD. 

16 

VF x O 

The output of the transmit 
filter stage. 



0.1 1 10 
FREQUENCY (kHz) 
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TP3040/TP3040A 


Functional Description 

The TP3040/TP3040A monolithic filter contains four main 
sections; Transmit Filter, Receive Filter, Receive Filter 
Power Amplifier, and Frequency Divider/Select Logic 
(Figure 1). A brief description of the circuit operation for 
each section is provided below. 

Transmit Filter 

The input stage of the transmit filter is a CMOS opera- 
tional amplifier which provides an input resistance of 
greater than 10 MO, a voltage gain of greater than 10,000, 
low power consumption (less than 3 mW ), high power sup- 
ply rejection, and is capable of driving a 10 kO load in paral- 
lel with up to 25 pF. The inputs and output of the amplifier 
are accessible for added flexibility. Non-inverting mode, 
inverting mode, or differential amplifier mode operation 
can be implemented with external resistors. It can also be 
connected to provide a gain of up to 20 dB without 
degrading the overall filter performance. 

The input stage is followed by a prefilter which is a two- 
pole RC active low pass filter designed to attenuate high 
frequency noise before the input signal enters the 
switched-capacitor high pass and low pass filters. 

A high pass filter is provided to reject 200 Hz or lower noise 
which may exist in the signal path. The low pass portion of 
the switched-capacitor filter provides stopband attenua- 
tion which exceeds the D3 and D4 specifications as well 
as the CCITT G712 recommendations. 

The output stage of the transmit filter, the postfilter, is 
also a two-pole RC active low pass filter which attenuates 
clock frequency noise by at least 40 dB. The output of the 
transmit filter is capable of driving a ± 3.2V peak to peak 
signal into a 10 kQ load in parallel with up to 25 pF. 

Receive Filter 

The input stage of the receive filter is a prefilter which is 
similar to the transmit prefilter. The prefilter attenuates 
high frequency noise that may be present on the receive 
input signal. A switched capacitor low pass filter follows 
the prefilter to provide the necessary passband flatness, 
stopband rejection and sin x/x gain correction. A postfilter 
which is similar to the transmit postfilter follows the low 
pass stage. It attenuates clock frequency noise and pro- 
vides a low output impedance capable of directly driving 
an electronic subscriber-line-interface circuit. 

Receive Filter Power Amplifiers 

Two power amplifiers are also provided to interface to 
transformer coupled line circuits. These two amplifiers 
are driven by the output of the receive postfilter through 
gain settjng resistors, R3, R4 (Figure 2). The power 
amplifiers can be deactivated, when not required, by con- 
necting the power amplifier input (pin 5) to the negative 
power supply V BB . This reduces the total filter power con- 
sumption by approximately 10 mW-20 mW depending on 
output signal amplitude. 


Power Down Control 

A power down mode is also provided. A logic 1 power down 
command applied on the PDN pin (pin 13) will reduce the 
total filter power consumption to less than 1 mW and 
clamp the power amplifier outputs to V BB . Connect PDN to 
GNDD for normal operation. 


Frequency Divider and Select Logic Circuit 

This circuit divides the external clock frequency down to 
the switching frequency of the low pass and high pass 
switched capacitor filters. The divider also contains a 
TTL - CMOS interface circuit which converts the external 
TTL clock level to the CMOS logic level required for the 
divider logic. This interface circuit can also be directly 
driven by CMOS logic. A frequency select circuit is provid- 
ed to allow the filter to operate with 2.048 MHz, 1.544 MHz 
or 1.536 MHz clock frequencies. By connecting the fre- 
quency select pin CLK0 (pin 14) to V C c, a 2.048 MHz clock 
input frequency is selected. Digital ground selects 1.544 
MHz and V BB selects 1.536 MHz. 


Applications Information 

Gain Adjust 

Figure 2 shows the signal path interconnections between 
the TP3040/TP3040A and the TP3020 single-channel 
CODEC. The transmit RC coupling components have been 
chosen both for minimum passband droop and to present 
the correct impedance to the CODEC during sampling. 

Optimum noise and distortion performance will be ob- 
tained from the TP3040/TP3040A filter when operated with 
system peak overload voltages of ± 2.5 V to ± 3.2V at VF x O 
and VF r O. When interfacing to a PCM CODEC with a peak 
overload voltage outside this range, further gain or at- 
tenuation may be required. 

For example, the TP3040/TP3040A filter can be used with 
the TP3000 series CODEC which has a 5.5V peak overload 
voltage. A gain stage following the transmit filter output 
and an attenuation stage following the CODEC output are 
required. 


Board Layout 

Care must be taken in PCB layout to minimize power sup- 
ply and ground noise. Analog ground (GNDA) of each filter 
should be connected to digital ground (GNDD) at a single 
point, which should be bypassed to both power supplies. 
Further power supply decoupling adjacent to each filter 
and CODEC is recommended. Ground loops should be 
avoided, both between GNDA and GNDD and between the 
GNDA traces of adjacent filters and CODECs. 


9-244 




National 

Semiconductor 


PRELIMINARY 


TP3051, TP3056 Monolithic Parallel Interface 
CODEC/Filter Family 


General Description 

The TP3051, TP3056 family consists of a Haw and A-law 
monolithic PCM CODEC/filter set utilizing a common A/D 
and D/A conversion architecture, as shown in Figure 1, 
and a unique parallel I/O logic interface. 

The encode portion of each device consists of an input 
gain adjust amplifier, an active RC pre-filter which 
eliminates very high frequency noise prior to entering a 
switched-capacitor band-pass filter that rejects signals 
below 200 Hz or above 3400 Hz. Also included are auto- 
zero circuitry and a companding coder which samples the 
filtered signal and encodes it in the companded Haw or 
A-law PCM format. The decode portion of each device con- 
sists of an expanding decoder, which reconstructs the 
analog signal from the companded Haw or A-law code, a 
low-pass filter which corrects for the sin x/x response of 
the decoder output and rejects signals above 3400 Hz. 

The TP3051 Haw and TP3056 A-law devices are pin com- 
patible parallel interface CODEC/filters intended to be 
used in conjunction with the TP3100 family of Digital Line 


Interface Controllers (DLIC) in switching system applica- 
tions. All control, clock and signal information is commu- 
nicated between the DLIC controller and up to 32 TP3051 
or TP3056 devices via an eight bit I/O port and three con- 
trol lines. 

Features 

■ Complete CODEC and filtering system including: 
-Transmit high-pass and low-pass filtering 
-Receive low-pass filter with sin x/x correction 
-Active RC noise filters 

-Haw or A-law compatible COder and DECoder 
-Internal precision voltage reference 
-Parallel I/O and control interface 

■ Meets or exceeds all D3/D4 and CCITT specifications 

■ ±5V operation 

■ Maximizes line interface card circuit density 

■ Low operating power— typically 50 mW 

■ Power-down standby mode— typically 1 mW 


Connection Diagram 


DuaMn-Line Package 



■VfxI + 
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TP3051, TP3056 


Block Diagram 


J -W\r 


analog 

r 



RC ACTIVE 


SWITCHED 


S/H 

DAC 

FILTER AND 


CAPACITOR 

4 — 

POWER AMP 


LOW PASS FILTER 



pil 


RCV 

REG 




FRAME 

TIMING. 

CONTROLLER 


GND 


5V 5V — 5V 

444-R- 

Vod Vdd Vbb l A D, 
GND 




CQNTRQL 


STATUS 

REG 


OE 


CMD 
REG 


G DECODER 
A B 


FIGURE 1 
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National 

Semiconductor 


TP3052, TP3053, TP3054, TP3057 Monolithic Serial Interface 
CODEC/Filter Family 


General Description 

The TP3052, TP3053, TP3054, TP3057 family consists of 
ju- law and A-law monolithic PCM CODEC/filters utilizing 
the A/D and D/ A conversion architecture, shown i n Figure 1, 
and a serial PCM interface. 

The encode portion of each device consists of an input 
gain adjust amplifier, an auiiv« no pre-mier which 
eliminates very high frequency noise prior to entering a 
switched-capacitor band-pass filter that rejects signals 
below 200 Hz or above 3400 Hz. Also included are auto- 
zero circuitry and a companding coder which samples the 
filtered signal and encodes it in the companded Haw or 
A-law PCM format. The decode portion of each device con- 
sists of an expanding decoder, which reconstructs the 
analog signal from the companded Haw or A-law code, a 
low-pass filter which corrects for the sin x/x response of 
the decoder output and rejects signals above 3400 Hz. The 
devices require two 1 .536/1 .544 MHz or 2.048 M Hz transmit 
and receive master clocks, which may be asynchronous, 
transmit and receive bit clocks, which are synchronous 
with the master clocks but may vary from 64 kHz to 
2.048 MHz, and transmit and receive frame sync pulses. 
The timing of the frame sync pulses and PCM data is com- 
patible with both industry standard formats. 


Features 

■ Complete CODEC and filtering system including: 
-Transmit high-pass and low-pass filtering 
-Receive low-pass filter with sin x/x correction 
-Active RC noise filters 

-Haw or A-law compatible COder and DECoder 
-Internal precision voltage reference 
-Serial l/u interface 

■ Haw with signaling, TP3020 (2910) timing— TP3052 

■ Haw with signaling, TP5116A,TP5117A timing— TP3053 

■ Haw without signaling, 16-pin — TP3054 

■ A-law, 16-pin— TP3057 

■ Meets or exceeds all D3/D4 and CCITT specifications 

■ ±5V operation 

■ Maximizes line interface card circuit density 

■ Low operating power— typically 50 mW 

B Power-down standby mode— typically 1 mW 


Connection Diagrams 


Dual-In-Line Package Dual-ln-Line Package 

Vbb 
GNDA 
VfrO 
Vcc 
FSr 
Dr 

BCLKr/ 

CLKSEL 
MCLKr/ 

PDN 

TOP VIEW ’ ' | 

TOP VIEW 



-MCLKx 


VfrO- 
Vcc — J 
FSr— | 

Dr — 1 

BCLKr /JT 
CLKSEL 
MCLKr/ JL| 
PDN 


T7 


V FX I + 


1 V F xl- 


t^FSx 

f^Dx 

.12 

j—BCLKx 

MCLKx 


Dual-ln-Line Package 
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TP3052, TP3053, TP3054, TP3057 


Block Diagram 



CLKS CLKS CLKS 


PCM 
OUT • 


PCM 

IN 


FIGURE 1 
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TjWA National 
jut Semiconductor 


PRELIMINARY 


TP3110, TP3120 Digital Line interface Controllers (DLIC) 


General Description 


The TP3110, TP3120 Digital Line Interface Controllers 
(DLIC) are general purpose switching components primar- 
ily intended to serve as controllers of subscriber line, serv- 
ice and trunk circuit cards of a digital switching system. 
They are also useful as general purpose data controllers 
for data switching and multiplexing applications. 

The DLIC performs a three-way control function when 
used for digital switching applications. The block diagram 
(Figure 1) displays this tri-port arrangement. First, the 
DLIC controls the space and time switching function be- 
tween subscriber line PCM CODECs and filters and the 
c »v itching cyctcm time division multiplex rrnwh hinhwavs. 
Second, the DLIC controls the flow of information be- 
tween the per line circuit devices and the line card’s local 
processor. Last, it performs all protocol control functions, 
using the HDLC protocol format, for information passing 
between the local line card processor and the mai n switch- 
ing system processor (or any other system processor). 

The DLIC is configured with a parallel interface for the per 
line and local processor circuits and with full duplex mul- 
tiple port serial highways for the system interface. All 
system related communications with the DLIC controlled 
circuit card are handled via channel assignments on the 
serial TDM interface. In this way, all system data com- 
munications, subscriber PCM, data, signaling and system 
control information are transported and switched with a 
single network. This approach improves the overall flex- 
ibility and modularity of the total system design. 


The DLIC contains a time-slot memory map for up to 128 
duplex TDM channels, four high speed serial port trans- 
ceivers, interface logic to allow the local processor to 
communicate with the per line circuit devices (combina- 
tion CODEC/f ilter circuits and the SLIC), a complete HDLC 
protocol controller for system control messages, a vec- 
tored interrupt controller for the HDLC protocol, signaling 
and timing control and finally, a buffer memory for per line 
signaling data. 

Features 

m A complete in iei i ciuti out i u uiiei iCi tip iuo£. oubscribcrc 
of a digital switching system 

■ Performs all time division multiplex (TDM) channel 
assignments for the circuit card it controls 

■ Provides two (TP3110) or four (TP3120) full duplex serial 
TDM highways for the system interface 

■ Performs the first stage space and time switching func- 
tion to minimize hardware requirements and switching 
delay 

■ Assignable addressing plus a “broadcast” address 
allows up to 255 controllers per subsystem control 
group without address field overlap 

■ System control uses the HDLC protocol with all zero in- 
sertion/deletion, checksum and flag control functions 
performed by the DLIC 

■ Single 5V power supply operation 


Block Diagram 


Connection Diagrams 


Dual-In-Line Package Dual-In-Line Package 





FIGURE 1. DLIC Signal Flows 
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TP5087 /TP5087A, TP5092/TP5092A, TP5094/TP5094A 



National 

Semiconductor 


PRELIMINARY 


TP5087 /TP5087A, TP5092/TP5092A, TP5094/TP5094A 
DTMF (TOUCH-TONE®) Generators 


General Description 

The TP5087, TP5092 and TP5094 are low threshold voltage, 
field-implanted, metal gate CMOS integrated circuits. The 
devices interface directly to a standard telephone keypad 
and generate all dual tone multi-frequency pairs required 
in tone-dialing systems. The tone synthesizers are locked 
to an on-chip reference oscillator using an inexpensive 
3.579545 MHz crystal for high tone accuracy. The crystal 
and an output load resistor are the only external com- 
ponents required for tone generation. A MUTE OUT logic 
signal, which changes state when any key is depressed, is 
also provided. 


Features 

■ 2.5V-15V operation when generating tones (TP5087A, 

TP5092A, TP5094A) , 

■ 2V operation of keyscan and MUTE logic 

■ Powered directly from telephone line 

■ Interfaces with standard single-contact or 2-of-8 
telephone keypad 

■ Static sensing of key closures 

■ On-chip 3.579545 MHz crystal-controlled oscillator 

■ On-chip regulation of tone amplitudes 

■ High group and low group tones generated and mixed 
internally 

■ High group pre-emphasis 

■ Low harmonic distortion 

■ Open emitter-follower low-impedance output 

■ SINGLE TONE INHIBIT pin 


Block Diagram 

TONE 


DISABLE Vdd 



TONE 

INHIBIT 

FIGURE 1. TP5087 Family 


TOUCH-TONE® is a registered trademark of Bell Telephone. 
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Absolute Maximum Ratings 






Supply Voltage (V DD - V ss ) 

15V 





Maximum Voltage at Any Pin V 

dd + 0.3V to Vgs — 0-3V 





Operating Temperature 

-30°Cto + 70°C 





Storage Temperature 

- 55°C to + 150°C 





Maximum Power Dissipation 

500 mW 





Electrical Characteristics T a within operating temperature range, 2.5V <V DD < 10V unless otherwise stated. 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

TP5087, TP5092, TP5094 

Minimum Supply Voltage Swing, V DD(min) 

Generating Tones 

3.5 



V 

O'jtput A f-nnliti iHoq 

R, =240n 





Low Group 

V dd = 3.8V 


430 


mVrms 


v dd =iov 


480 


mVrms 

High Group 

V DD = 3.8V 


580 


mVrms 


> 

o 

II 

a 

□ 

> 


650 


mVrms 

Mean Output DC Offset 

V d = 3.8V 


2 


V 


> 

o 

II 

Q 

Q 

> 


4.2 


V 

TP5087A, TP5092A, TP5094A 

Minimum Supply Voltage Swing, V DD (min) 

Generating Tones 

2.5 



V 

Output Amplitudes 

R L = 100ft 





Low Group 

V DD = 2.5V 


170 


mVrms 


V DD = 10V 


190 


mVrms 

High Group 

V dd = 2.5V 


230 


mVrms 


v DD = iov 


255 


mVrms 

Mean Output DC Offset 

V DD = 2.5V 


0.7 


V 


v dd =iov 


2.5 


V 

ALL PARTS 

Minimum Supply Voltage for Keyscan 


2 



V 

and MUTE Logic Functions 






Operating Current 






Idle 

R L =-10kl2 


20 


nA 

Generating Tones 

< 

D 

D 

II 

cn 

< 


2 


mA 

Input Pull-Up Resistors 






COLUMN and ROW (Pull-Down) 



40 


kfi 

SINGLE TONE INHIBIT 



50 


kn 

TONE DISABLE 



50 


kfi 

MUTE OUT Sink Current 

> 

CO 

II 

- a 
a 
> 

0.5 



mA 

(COLUMN and ROW Inactive) 

V o = 0.5V 





MUTE OUT Source Current 

> 

CO 

II 

Q 

Q 

> 

0.5 



mA 

(COLUMN and ROW Active) 

V 0 = 2.5 V 





High Group Pre-Emphasis 


2.4 

2.7 

3.0 

dB 

Dual Tone/Total Harmonic Distortion Ratio 

1 MHz Bandwidth 

22 



dB 

Start-Up Time (to 90% Amplitude) 




5 

ms 
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TP5087/TP5087A, TP5092/TP5092A, TP5094/TP5094A 


Connection Diagram 


Dual-ln-Line Package 



Pin Descriptions 

V D d (Pin 1): This is positive voltage supply to the device, 
referenced to V ss . The collectors of the TONE OUT, and 
XMT SW transistors are also connected to this pin. 

Vss (Pin 6): This is the negative voltage supply. 

OSCILLATOR (Pins 7 and 8): All tone generation timing is 
derived from the on-chip oscillator circuit. A low-cost 
3.579545 MHz A-cut crystal (NTSC TV color-burst) is 
needed between pins 7 and 8. Load capacitors and a feed- 
back resistor are included on-chip for good start-up and 
stability. The oscillator stops when both COLUMN inputs 
and ROW inputs are sensed sequentially with no valid in- 
put havin g been detected . The oscillator is also stopped 
when the TONE DISABLE input is pulled to logic low. 

ROW and COLUMN Inputs (Pins 3, 4, 5, 9, 11, 12, 13, 14): 

When no key is pushed, pull-up resistors are active on 
COLUMN inputs and pull-down resistors are active on 
ROW inputs. Column latches are ON and ready to store 
column key closures. After a key is pushed, the row pull- 
down resistors cause a negative-true on COLUMN inputs 
which starts the oscillator and initiates tone generation. 
Negative-true logic signals simulating key closures can 
also be used. 


TONE DISABLE Input (Pin 2): The TONE DISABLE input 
has an internal pull-up resistor. When this input is open or 
at log ic high, the nor mal tone output mode will occur. 
When TONE DISABLE input is at logic low, the device will 
be in the inactive mode, tone o utput will be at a n open cir- 
cuit state. With mask option, TONE DISABLE input can 
either inhibit or not inhibit the MUTE function. 

XMT SW Output (Pin 2 of TP5087/A only): With no key in- 
puts, this output is pulled high by the open emitter of an 
NPN transistor. Any key entry turns off this transistor by 
pulling its base to V S s- 

MUTE Output (Pin 10): The MUTE output is a conventional 
CMOS output that sinks current to V ss with no valid input 
and sources current from V DD when a valid key input is 
sensed. Th e MUTE output will swi tch regardless of the 
state of the SINGLE TONE INHIBIT input. 


SINGLE TONE INHIBIT Input (Pin 15): The SINGLE TONE 
INHIBIT input is used to inhibit the generation of other 
than valid tone pairs due to multiple row-column closures. 
It has a pull-up resistor to V DD , and when left open or tied to 
V DD , single or dual tones may be generated in accordance 
with Table II. When forced to V ss , any input situation that 
would normally result in a single tone will now result in no 
tone, with all other chip functions operating normally. 

TONE OUT (Pin 16): This output is the open emitter of an 
NPN transistor, the collector of which is connected to V DD . 
When an external load resistor is connected from TONE 
OUT to V ss , the output voltage on this pin is the sum of the 
high and low group sine-waves superimposed on a DC off- 
set. When not generating tones, this output transistor is 
turned OFF to minimize the device idle current. 

Adjustment of the emitter load resistor resuiis in variation 
of the mean DC current during tone generation, the sine- 
wave signal current through the output transistor, and the 
output distortion. Increasing values of load resistance 
decrease both the signal current and distortion, while in- 
creasing the source impedance of the device as seen from 
its power supply terminals. Note that the DTMF generator 
is a current source which modulates its own supply ter- 
minals in a conventional telephone application. 

Functional Description 

With no key inputs to the device the oscillator is inhibited, 
the output transistor is pulled OFF and device current con- 
sumption is reduced to a minimum. Key closures are 
sensed statically to ensure no modulation of the line when 
tones are not being generated. A valid key closure ac- 
tivates the MUTE output, starts the oscillator and sets the 
high group and low group programmable counters to the 
appropriate divide ratio. These counters sequence two 
ratioed-capacitor D/A converters through a series of 28 
equal duration steps per sine-wave cycle. On-chip regu- 
lators ensure good stability of tone amplitudes with varia- 
tions in supply voltage and temperature. The two tones are 
summed by a mixer amplifier, with pre-emphasis applied 
to the high group tone. The output is an NPN emitter- 
follower requiring the addition of an external load resistor 
to V ss . This resistor facilitates adjustment of the signal 
current flowing from V DD through the output transistor. 
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TABLE I. OUTPUT FREQUENCY ACCURACY 


Tone 

Valid 

Standard 



Group 

Input 

DTMF(Hz) 



Low 

R1 

697 

694.8 

-0.32 

Group 

R2 

770 

770.1 

+ 0.02 

'l 

R3 

852 

852.4 

+ 0.03 


R4 

941 

940.0 

-0.11 

High 

Cl 

1209 

■HI 

-0.24 

Group 

C2 

1336 

mnsm 

: H 

f H 

C3 

1477 

II 

B 


C4 

1633 

■m 

B 


TABLE II. FUNCTIONAL TRUTH TABLE 


: :rrT=r 

OIIMUL.C IVJIMC 



COLUMN 

Tnnoc 

MU lb 

INHIBIT 


Low 

High 

X 

0 

X 

X 

OV 

OV 

0 

X 

X 

0/C 

0/C 

ov 

OV 

0 

X 

1 

One 

One 

f L 

f H 


1 

1 

2 or More 

One 

— 


1 B 

1 

1 

One 

2 or More 

f L 


9 B 

1 

1 

2 or More 

2 or More 

v os 



0 

1 

2 or More 

One 

v os 



0 

1 

One 

2 or More 

v os 

v os . 

B - 

0 

1 

2 or More 

2 or More 

v os 

v os 

■■ 


Note 1: X is don’t care state. 

Note 2: Vqs is the output offset voltage. 

Note 3: TONE DISABLE and SINGLE TONE INHIBIT have internal pull-up resistors. 


V + 300 




* Adjust R[_ for desired tone amplitudes. 

FIGURE 2. Amplitude and Distortion Measurements for Conventional Telephone Applications 
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TP5088 


yw\ National 
wjA Semiconductor 


PRELIMINARY 


TP5088 DTMF Generator for Binary Input Data 


General Description 


This CMOS device provides low cost tone-dialing capabil- 
ity in microprocessor-controlled telephone applications. 
Binary data is decoded directly, without the need for con- 
version to simulated keyboard inputs required by standard 
DTMF generators. With the TONE ENABLE input low, the 
oscillator is inhibited and the device is in a low power idle 
mode. On the low-to-high transition of TONE ENABLE, 
4-bit binary data is latched into the device and the selected 
tone pair is genera ted. An open-drain N-channel transistor 
provides a MUTE output during tone generation. 


Features 

■ 2.5V-15V operation 

■ Direct microprocessor interface 

■ Binary input data with latches 

■ Generates 16 standard tone pairs 

■ On-chip 3.579545 MHz crystal-controlled oscillator 

■ High-group pre-emphasis 

■ MUTE output interfaces to speech network 

■ Low power idle mode 


Connection Diagram 


Dual-ln-Line Package 
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National 

Semiconductor 


PRELIMINARY 


TP9151, TP9152, TP9156, TP9158 Push Button Pulse Dialer 
Circuits with Redial 


General Description 

This family of monolithic metal-gate CMOS integrated cir- 
cuits provides all logic necessary to convert 4x3 matrix 
keypad inputs into a series of pulses simulating rotary 
telephone dialing. An on-chip memory capable of storing 
up to 22 digits allows keypad entries to be made at rates 
comparable to those of tone-dialing telephones, and pro- 
vides one-key redial of the last number dialed. For PBX ap- 
plications, pauses may be inserted in a redialed number 
sequence to ensure the user waits for dial tone following 
an access code. Two outputs are provided, requiring 
simple interface circuits lo puise me IeiepnCne line anc! 
mute the receiver. 

The low voltage and low current requirements of the 
TP9151 family allow direct telephone-line powered 
operation. 


Features 

■ 2.3 V and 150 fiA operation 

■ < 1 nA on-hook current to store number 

■ Low power idle mode when not outpulsing 

■ Stabilized RC oscillator 

■ < ± 5% frequency stability with voltage and temperature 
■•22-digit redial memory 

■ Single contact or negative-common key interface 

■ BREAK/MAKE ratio pin selectable (TP9151 and TP9156) 

■ BREAK/MAKE ratio 60:40 (TP9152) 

■ BREAK/MAKE ratio 67:33 (TP9158) 

■ Inter-Digit Pause pin selectable 

■ Reset delayed for line breaks <200 ms 

■ * key inserts pauses 

■ # key releases redial and pauses 

■ Scratchpad (new number storage without dialing) option 

■ Two-phase drive to bistable MUTE relay (TP9152) 


Block Diagram 


Vddi VdD2 



FIGURE 1. TP9151, TP9152, TP9156, TP9158 Pulse Dialer 
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Absolute Maximum Ratings 

DC Supply Voltage, V DD -V SS 6V 

Voltage on Any Pin V ss -0.3V to V DD + 0.3V 

Operating Temperature Range -30°Cto70°C 

Storage Temperature Range -50°Cto150°C 

Electrical Characteristics T a within operating temperature range, V SS = GND, 2.3V<V DD1 <5V except where 
otherwise stated. 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Supply Current 






•ddi 

V DD1 = V DD2 = 5V 



1 


Idd 2 (Note 1) 

Vqdi = ^DD2 = 5V; Osc On 



150 

**A 


V D di = V D D 2 = 5V; Osc Off 



2 

M A 

Inputs 






IDP, B/M, HOOKSWITCH 






Logic 0 




0.5 

V 

Logic 1 


Vdd2 - 0.5 



V 

Outputs 






PULSE Output 

V DD1 = V DD2 = 3V 





Logic 0 Sink Current 

V o = 0.5V 

2 



mA 

Logic 1 Leakage Current 

V 0 = 2.5V 



1 

ftA 

MUTE and MUTE Outputs 

V DD1 = V DD2 = 3V 





Logic 0 Sink Current 

V 0 = 0.5V 

2 



mA 

Logic 1 Source Current 

V 0 = 2.5V 

2 



mA 

CLOCK, CLOCK Outputs 

V DD2 = 2.5 V 





Logic 0 Sink Current 


100 



/*A 

Logic 1 Source Current 


100 



mA 

CLOCK IN Leakage Current 




20 

nA 

Row and Column Pull-Up Resistance 


200 



kfi 

Keyboard Contact Resistance 




1 

kfi 

Keyboard Capacitance 




30 

PF 

Key Debounce Time, t DB 

CLOCK IN = 18 kHz 

10 


12 

ms 

Clock Frequency (Note 2) 


, 17.3 


19.1 

kHz 


Vdd2 = 3 V 

17.8 


18.9 

kHz 


Note 1. Measured after a digit is entered, with B/M, IDP and HOOKSWITCH inputs at Vss> all keypad interfaces open-circuit. 

Note 2: Including temperature, voltage and part-to-part variations, but not temperature coefficients of external oscillator components. See Figure 5 forcomponent 
values. 
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Connection Diagrams 


Dual-In-Line Package 


Dual-ln-Line Package 


Dual-ln-Line Package 


1 

XJ 


1 

~TJ— 

18 

1 

O 

18 

Vddi — 


— R0W1 

Vooi — 

— R0W1 

Vddi +Vdo2 — 

— R0W1 

ROW 2 — 


— COL 3 

ROW 2 — 


— COL 3 

ROW 2 — 


— C0L3 

ROW 3 — 


— COL 2 

ROW 3 — 


— COL 2 

ROW 3 — 


— COL 2 

ROW 4 — 


■— C0L1 

ROW 4 — 


— C0L1 

ROW 4 — 


— C0L1 

5 

Vb02 — 

TP9151, TP9156 

-Vss 

5 

V0D2 — 

TP9152 

-Vss 

CLOCK IN — 

TP9158 

-Vss 

CLOCK IN - 


— MUTE OUT 

CLOCK IN — 


— MUTE OUT 

CLOCK — 


— MUTE OUT 

CLOCK — 


— HOOKSWITCH 

CLOCK — 


12 

— MUTE OUT 

CLOCK- 


— HOOKSWITCH 2 

CLOCK — 


— I0P/TEST SELECT 

CLOCK — 


— HOOKSWITCH 

PULSE OUT — 


— HOOKSWITCH 1 

PULSE OUT — 


— BREAK/ MAKE SELECT 

PULSE OUT — 


10 

— IDP/TEST SELECT 

PULSE OUT — 


10 

— IDP/TEST SELECT 


TOP VIEW TOP VIEW TOP VIEW 


FIGURE 2 


Pin Descriptions 


Vss: This is the negative supply to the device and the 
voltages on all other pins are normally referenced to this. 

V D di (common with V DD2 on TP9158): This is the positive 
supply to the redial memory. Maintaining power to this pin 
while on-hook will store the last number dialed. A low- 
voltage detect circuit will reset the device and inhibit 
redial if the voltage on this pin falls too low for the memory 
cells to retain data. 

V DD2 : This is the positive supply to all other functions of 
the device. It may be tied directly to V DD1 , or may be discon- 
nected when on-hook in order to reduce on-hook leakage 
current. 


CLOCK IN, CLOCK and CLOCK: The clock oscillator con- 
sists of two inverters and a comparator requiring two ex- 
ternal capacitors and a resistor for oscillation. All timing 
is referenced to this oscillator running at 18 kHz, typically 
with Cl = C2 = 47 pF and R = 390 kfi. The comparator 
assures good frequency stability over the operating volt- 
age and temperature ranges. 


HOOKSWITCH: This input controls the reset of internal 
counters and registers. Pulling this pin up to V DD1 puts the 
device in the on-hook condition. The oscillator is stopped, 
all keypad pins are pulled low and all logic functions in- 
hibited. Taking this pin to V ss resets the device and starts 
the oscillator to generate an 18 ms MUTE output pulse, 
then puts the device in standby mode with the oscillator 
turned off, ready to sense key closures. Returning this in- 
put to V DD1 at any time starts a 200 ms delayed reset 
counter. If V ss is restored before 200 ms (as would occur 
on a short line break) the counter is reset and operation 
continues. After 200 ms with HOOKSWITCH at V DD1 the 
device returns to the on-hook condition. 


A mask option of 300 ms reset delay is available. 



The TP9158 bypasses the 200 ms delay reset counter, and 
provides instead two HOOKSWITCH connections ena- 
bling a Schmitt trigger circuit to be made with two external 
resistors (Figure 4). Reset can then be delayed during a 
line break by suitable design of the Schmitt trigger 
threshold. 


Keypad Inputs: A valid key entry is defined as either con- 
necting a single row to a single column or connecting V ss 
simultaneously to a single row and a single column. In the 
on-hook condition, the keypad interfaces are disabled and 
pulled low. On entering the off-hook condition, the keypad 
inputs go to a static sensing mode until a key closure is 
sensed. The oscillator is then enabled and rows and col- 
umns are alternately scanned (pulled high, then low) to 
verify that the input is valid. The key must then remain 
valid continuously for the specified debounce time before 
the circuit will accept and decode it and begin outpulsing. 


PULSE Output: This is an open-drain N-channel transistor 
intended to drive a high-voltage interface circuit to pulse 
the telephone line with the correct BREAK/MAKE ratio 
and IDP timing. The output transistor sinks current only 
during pulse BREAK periods. 


PULSE Output (TP9158 only): This is an open-drain 
P-channel transistor providing the logical inverse of the 
PULSE output. 
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Pin Functions (Continued) 

MUTE Output: This CMOS push-pull output is intended to 
drive a simple interface circuit to mute the telephone 
speech network during outpulsing. Figure 3 shows that 
this output is active-high for a pre-pulsing pause interval 
and throughout pulsing and inter-digit pauses. Other tim- 
ing arrangements are available as options. 

If a capacitively-coupled bistable relay is used for muting, 
the correct initial state is ensured by an 18 ms MUTE pulse 
generated each time the HOOKSWITCH input is pulled 
low. 


MUTE Output (TP9152 only): This is a CMOS push-pull out- 
put which is the logical inverse of MUTE. The pair of anti- 
phase outputs provide voltage boost to drive a capaci- 
tively-coupled bistable relay on low supply voltages. 


IDP/TEST SELECT: The function is selected by connecting 
this pin as follows: 


Pin Input 

TP9151, TP9152 

TP9156 

TP9158 

V DD2 

IDP = 500 

900 


v ss 

IDP = 800 

800 

800 

CLOCK 

IDP = 1000 

500 

500 

CLOCK 



Fast 




Test Mode 


Note: All IDP times in ms. 


The fast test mode bypasses counter stages, increasing 
the outpulsing speed by a factor of 225, and the keyscan 
and debounce speed by a factor of 9. 

Note that this input is read and latched only during a 
HOOKSWITCH reset. Also, this input must not be allowed 
to “float” as no pull-up/pull-down resistor is provided. 

BREAK/MAKE SELECT (not on TP9152 or TP9158): The 

BREAK/MAKE ratio on the TP9151 and TP9156 is selected 
by connecting this pin as follows: 


Pin input 

B/M Ratio 

V DD2 

CLOCK 

v ss 

67:33= 2:1 

61.5:38.5 = 1.6:1 

60:40= 1.5:1 


On the TP9152 the BREAK/MAKE ratio is internally fixed at 
60:40. On the TP9158 the BREAK/MAKE ratio is internally 
fixed at 67:33. Note that this input is read and latched only 
during a HOOKSWITCH reset. Also, this input must not be 
allowed to “float” as no pull-up/pull-down resistor is 
provided. 

Functional Description 

The time base for the TP9151 family is derived from an in- 
verter/comparator circuit requiring two external capaci- 
tors and one resistor to set the oscillation frequency. The 
comparator greatly reduces the variation of oscillation fre- 
quency with supply voltage and temperature normally 
associated with CMOS RC oscillators. In the on-hook con- 
dition, the oscillator is stopped and the keypad scan 
disabled. 


After going off-hook, the oscillator turns on to generate an 
18 ms MUTE reset pulse, then turns off. The keypad inputs 
go to a static sensing mode. On sensing a single key 
closure, the oscillator starts, and row and column inputs 
are alternately scanned at a 250 Hz rate. When a valid key 
closure is sensed for the required debounce time, the key 
is written into memory and outpulsing begins for that key. 
Further valid keys are entered in sequence up to a maxi- 
mum of 22. If no further key is entered, following the IDP, 
the oscillator will stop and the key inputs will return to the 
static sensing mode awaiting further keys or a return to 
the on-hook condition. 

By maintaining power to the device while on-hook, the last 
number dialed is stored in memory. Upon going off-hook, 
the stored number can be automatically redialed by enter- 
ing # as the first key. Entry of any digit as the first key 
following off-hook clears the redial memory and enters 
digitsjn sequence, starting at location 1. The on-hook 
reset of the device is delayed for 200 ms to protect a dial- 
ing sequence against short loop breaks. The device will 
also reset if V DD1 falls to a voltage too low for the memory 
cells to retain data. 

The * key enables the user to enter and store a pause in a 
manually dialed number sequence. Both manual and auto- 
matic dialing will stop on reaching this pause. The # key 
will release the pause and allow outpulsing to continue. 
Pauses may be stored in any memory location, but the 
number of pauses plus digits cannot exceed 22. Each 
pause requires a # entry to release it. 

As a mask option, the * key can be set up to provide entry 
to the Scratchpad feature, which allows the memory to be 
overwritten with a new telephone number without that 
number being outpulsed and without muting. Scratchpad 
mode can be entered directly after going off-hook or dur- 
ing a conversation by keying ** followed by the next 
desired number. The new number can only be outpulsed by 
returning on-hook, then off-hook, followed by the # key, 
which will redial the stored number as normal. Selecting 
the Scratchpad option still provides pause storage with a 
* entry, provided the next key is a digit. 

Various timing options are available for PULSE and MUTE 
outputs. Popular BREAK/MAKE ratios and Inter-Digit 
Pause periods can be pin-selected. 

Application Notes 

The TP9151 pulse dialer family may be set up to drive a 
pulsing loop either in series or in shunt with the speech 
network. A typical series dialer is shown in Figure 5. In this 
circuit, the dialer is fed from a current-limited source of a 
minimum of 200 fiA to allow a safe margin for the device, 
plus the zener and HOOKSWITCH resistor currents. 

To take maximum advantage of the low current consump- 
tion of the TP9151 family, particularly in the on-hook, last- 
number-stored mode, all other current paths must be mini- 
mized. These include leakage of the decoupling capacitor 
and reverse leakage of current through the current source 
to ground via the speech network. A zener diode with very 
low leakage current below the conduction “knee” should 
be specified. If on-hook current is drawn from the tele- 
phone line, reverse leakage of the two back-biased diodes 
in the rectifier bridge must also be considered. 
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National 

jul Semiconductor 

TP50981/TP50981 A, TP50982/TP50982A, TP50985/TP50985A 
Push Button Pulse Dialer Circuits 

General Description Features 

This family of monolithic CMOS circuits provides all logic ■ TP50981/TP50981 A, TP50985/TP50985A for pulsing loop 

necessary to convert keyboard inputs into a series of in shunt with speech network 

pulses simulating rotary telephone dialing. An on-chip ■ TP50982/TP50982A for pulsing loop in series with 
memory capable of storing up to 17 digits allows keyboard speech network 

entries to be made at rates comparable to those of tone- ■ i.7V, 150 uA operation TP50981A, TP50982A and, 

dialing telephones and provides one-key redial of the last TP50985A I 

number dialed. The keyboard inputs interface directly to a _ , . * . 4 . . 

standard 2-of-7 Keypad with positive-common or an inex- " Single-contact or pos.t.ve-common key inputs 
pensive form A-type keyboard. Two outputs, one for puls- * Break/Make ratio pin selectable 
ing the telephone line and one to mute the receiver, are ■ On-chip voltage regulator 

provided along with pin selectable Break/Make ratios and ■ On-chip oscillator using 480 kHz ceramic resonator 

an on-chip voltage regulator. The low voltage and low cur- ■ Scratchpad (new number storage without dialing) on 
rent requirements of these devices allow direct telephone TP50985/TP50985A 

line powered operation. ■ 10 / 2 o pps option on TP50985/TP50985A 


Block Diagram 



BREAK/MAKE 

SELECT 


HOOKSWITCH/TEST 


*SS 

i — 


FIGURE 1 


Connection Diagram (Dual-ln-Line Package, Top View) 



Order Number TP50981N, TP50981AN, 
TP50982N, TP50982AN, TP50985N 
or TP50985AN 


BREAK/MAKE SELECT 


* 10/20 pps select input on TP50985/TP50985A 
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Absolute Maximum Ratings 






DC Supply Voltage ( V DD -V S s) 


6.2V 





Voltage on Any Pin 


V DD + 0.3V to V SS - 0.3V 





Operating Temperature 


- 30°Cto +70°C 





Storage Temperature 


- 55°Cto +150°C 


■y> 



Maximum Power Dissipation (25°C] 


500 mW 





DC Electrical Characteristics 






T A within operating temperature range, V DD min<V DD <6.0V, unless otherwise specified. 




Parameter 

Conditions 

Min 



Units 

V DD Min DC Supply Voltage 








TP50981, TP50982, TP50985 


Pin 1 Ref. Pin 6 


2.5 



V 

| i r5G96 i A; i F5G982A, TFGC3G3A 



17 



V 

Memory Retention Current 








TP50981, TP50982, TP50985 


V DD = 2.5V, Notes 1 and 2 


0.7 

2.4 

mA 

TP50981 A, TP50982 A, TP50985 A 

V DD = 1.7V, Notes 1 and 2 


0.5 

1.0 


DC Operating Current 


Off-Hook, Valid Key, V REF Tied to V ss 


100 

150 

/*A 

V REF Sink Current 


V DD = 5.0V 


1.0 



mA 

MUTE Sink Current 


V DD = V DD Min, V 0 = 0.5V 


0.5 

2.0 


mA 

PULSE Sink Current 


V DD = V D d Min, V 0 = 0.5V 


1.0 

4.0 


mA 

MUTE and PULSE Leakage 


V DD = 6.0V, V 0 = 6.0V 



0.001 

1.0 


Keyboard Contact Resistance 






1.0 

kfl 

Keyboard Capacitance 






30 

PF 

Logic ‘O’ Level Input 




v ss 


0.2 V DD 

V * 

Logic ‘1’ Level Input 




0.8 V DD 


V DD 

V 

Keyboard Pull-Up Resistance 





4.0 


kfi 

Keyboard Pull-Down Resistance 





100 


kQ 

HOOKSWITCH Pull-Up Resistance 




100 


kfi 

Note 1: On-hook mode, V REF tied to V$s. all outputs open. 






Note 2: Power-on reset and low-voltage-detect circuits inhibit the redial function if the supply voltage falls below Vqd Min. 



AC Electrical Characteristics 






T A within operating temperature range, V DD min<V DD <6.0V, unless otherwise specified. 




Parameter 

Conditions 

Min 

Typ 


Units 

Oscillator Frequency 


Anti-Resonant Mode 


480 



kHz 

Keyboard Debounce Time 


OSC IN = 480 kHz 

9 


11 

ms 

Oscillator Start-Up Time 


Vdd = Vdd Min 


5.0 



ms 

Pulse Rate 




10.0 



pps 

Break Time 


Pin 9 @ Vqq 


61.0 



ms 



Pin 9 @ V ss 


67.0 



ms 

Interdigit Pause 




800 



ms 
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TP50981 /TP50981 A, TP50982/TP50982A, TP50985/TP50985A 


Functional Description 

The time base for this family of pulse dialers is derived 
from a 480 KHz ceramic resonator in anti-resonant mode. 
In the on-hook condition, the oscillator is stopped and all 
keyboard row and column inputs are forced to Vdd which 
inhibits any key closures from effecting the circuit. After 
going off-hook the oscillator remains off and the keyboard 
inputs go to a static sensing mode. Upon sensing a single 
key closure, the oscillator starts, and the row and column 
inputs are alternately scanned at a 500 Hz rate. When the 
circuit senses a valid key closure for the required 
debounce time, the key is written into memory and out- 
pulsing begins for that key. Further valid keys are entered 
in sequence, provided that no more than 17 digits remain 
to be outpulsed. If no further key is entered, following the 
IDP the oscillator will stop and the key inputs will return to 
the static sensing mode awaiting further keys or a return 
to the on-hook condition. By maintaining power to the 
device while on-hook, the last number dialed (up to 17 
digits) is stored in the memory. On going off-hook 
(HOOKSWITCH goes to V ss ) the stored number can be 
automatically redialed by entering either * or # as the first 
key (TP50981 /TP50981 A and TP50982/TP50982A). Entry of 
any digit as the first key following off-hook clears the 
redial memory and enters digits in sequence, starting at 
location 1. 

The * key on the TP50985/TP50985A is redefined to 
provide entry to the Scratchpad feature. This mode allows 
the outpulsing memory to be overwritten with a new 
telephone number without that number being outpulsed. 
Scratchpad mode can be entered directly after going 
off-hook or during a conversation by keying * followed by 
the next desired number. The new number can only be out- 
pulsed by returning on-hook, then off-hook followed by the 
# key, which will redial the last number as normal. 

The TP50985/TP50985A also enables the user to select an 
output pulse rate of either 10 pps by connecting pin 2 to 
ground or 20 pps by connecting pin 2 to V DD . On this ver- 
sion V REF is connected to Vss internally. 


Pin Descriptions 

Vdd (pin 1): This is the positive supply to the device and is 
referenced to V S s (pin 6). The voltage on this pin must be 
limited to less than 6V either externally or by current- 
limiting the supply to the on-chip voltage regulator. In the 
last-number-stored mode a minimum of 1 ^A of supply cur- 
rent must be available to this pin while on-hook. 

Vref (pin 2): In normal applications, this pin is tied to Vss 
(pin 6) which enables the on-chip voltage regulator circuit. 
When Vr EF is tied to Vss, the voltage regulator will provide 
a current sink from V DD to Vss of a minimum of 1 mA with 
V DD equal to 5V. 

KEYBOARD INPUTS (pins 3, 4, 5, 11, 12, 13, and 14): A valid 
key entry is defined as either connecting a single row to a 
single column or connecting V DD simultaneously to a 
single row and a single column. This allows direct inter- 
face to an inexpensive single-contact (form A) keyboard, 
the standard 2-of-7 keyboard with positive-common, or 
logic-generated inputs. 


In the on-hook condition [HOOKSWITCH/TEST (pin 15) 
connected to Vdd] the keyboard inputs are disabled 
and pulled high. Upon entering the off-hook condition the 
keyboard inputs go to a static sensing mode until a key 
closure is sensed. The oscillator is then enabled and 
the rows and columns are alternately scanned (pulled 
high, then low) to verify that the input is valid. The key must 
then remain valid continuously for the specified debounce 
time before the circuit will accept and decode it and begin 
outpulsing. 

V ss (pin 6): This is the negative supply. 

OSCILLATOR IN, OUT (pins 7, 8): The device contains an 
on-chip oscillator circuit designed to work with a 480 kHz 
ceramic resonator (anti-resonant mode) and 2 external 
capacitors, normally 100 pF. A 1 Mfi resistor is included on- 
chip for good oscillator stability. The circuit may also be 
driven with an external 480 kHz source on OSCILLATOR IN 
(pin 7). 

BREAK/MAKE SELECT (pin 9): The Break/Make ratio is 
selected by connecting pin 9 to either V D d or V S s- T abl © I 
indicates the available ratios. 


TABLE I. BREAK/MAKE SELECT 


Input to BREAK/MAKE (pin 9) 

PULSE OUTPUT 
Break Make 

Vdd 

61% 

39% 

V SS 

67% 

33% 


MUTE (pin 10): This pin is the output of an open-drain 
N-channei transistor. It drives a simple interface circuit to 
mute the receiver during outpulsing. See the timing dia- 
gram and application notes for further information con- 
cerning this output. 

HOOKSWITCH/TEST (pin 15): This input has a 100 kO 
internal pull-up resistor to V D d- Allowing this pin to float, 
or connecting a V D d level puts the circuit in the on-hook 
idle mode. 

With this pin connected to V s s the circuit is in the off-hook 
mode and will accept keyboard inputs, and outpulse them 
at the normal 10 pps rate. When the outpulsing is com- 
plete, the oscillator stops and waits for further key inputs. 
If, however, pin 15 is taken to V DD while the circuit is still 
outpulsing the remaining digits will be outpulsed at 100 
times the normal rate (BREAK/MAKE becomes 50%). This 
allows for rapid testing of the device and also provides a 
means for resetting the circuit if power to the device is 
maintained while on-hook. (Note: Taking the worst-case 
of 17 zeros remaining to be outpulsed, this operation could 
take 300 ms to complete. Therefore, to ensure that the cir- 
cuit has been properly reset, pin 15 should remain at V D d 
for more than 300 ms before entering a new number.) 

PULSE OUTPUT (pin 16): The pulse output consists of an 
open-drain N-channel transistor. It is intended to drive a 
transistor interface circuit to pulse the telephone line with 
the correct Break/Make ratio, IDP timing, and pulse rate. 
On the TP50981 /TP50981 A, TP50985/TP50985A this output 
is normailly low and pulses high. On theTP50982/TP50982A 
the output is normally high and pulses low. See Figure 2 
for further details of the timing differences between the 
parts. 
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Timing Diagram 



Applications Information 

The TP50981 /TP50981 A, TP50985/TP50985A PULSE out- 
put is designed to drive a pulsing loop circuit in shunt with 
the speech network, as shown in Figure 3. During out- 
pulsing the MUTE circuit is turned off to isolate the speech 
network from the line. VT2 and VT3 conduct during MAKE 
periods, R1 adjusts telephone pulsing resistance. VT2 and 
VT3 turn off during BREAK periods, loop current is then 
the sum of the device supply current, plus R2 and R3 cur- 
rents. These currents should be designed to meet the sys- 
tem maximum BREAK current specification, where appli- 
cable. The on-chip voltage regulator enables the device to 
be fed from a current-limited supply of 150 tiA minimum, as 
shown in Figure 3. 

The TP50982/TP50982A PULSE output is designed for a 
series pulsing loop, as shown in Figure 4. In this case the 
MUTE circuit isolates only the receiver, so that current 
flows through the speech network while outpulsing MAKE 
periods. VT3 cuts off this current during BREAK periods. 

To take maximum advantage of the low current consump- 
tion of theTP50981 A, TP50982A, TP50985A in the on-hook, 


last-number-stored mode, all other current paths must be 
minimized. These include leakage of the decoupling ca- 
pacitor Cl, and reverse leakage of current through the cur- 
rent source, which could flow to ground via the transistor 
interface circuits and speech network. If on-hook current 
is drawn from the telephone line, reverse leakage of the 
two back-biasecj diodes in the rectifier bridge must also be 
considered. Virtually the full station battery voltage may 
appear across these diodes in the on-hook condition of 
Figures 3 and 4, hence the diodes should be specified for 
minimum leakage current at 50V reverse bias and maxi- 
mum operating temperature. 

Ceramic resonators for the oscillator circuit can be 
obtained from various companies including muRata, 
Toko, Vernitron and Radio Materials Corporation. The 
anti-resonant frequency, f a , should be 480 kHz. Note 
that resonators are often referred to by their resonant 
frequency, f r , which is typically 15 kHz-25 kHz lower 
than f a . Consult manufacturers’ data for specifications 
and tolerances. 
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Applications Information (Continued) 


v + 



v + 



*R1 typically 150ft. 

t R2 = 20M for TP50981, TP50985; R2 = 50M for TP50981A, TP50985A. 
# indicates National Semiconductor Discrete process number. 


COLUMN 3 (PIN 5) 
COLUMN 2 (PIN 4) 
COLUMN 1 (PIN 3) 


ROW 1 (PIN 14) 

1 

2 

3 

ROW 2 (PIN 13) 

4 

5 

6 

ROW 3 (PIN 12) 

7 

8 

9 

ROW 4 (PIN 11) — 

* 

0 



FIGURE 3. TP50981, TP50985 Shunt Dialer Application 
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TP5395, TP53125 




National 

Semiconductor 


TP5395, TP53125 DTMF (TOUCH TONE®) Generators 


General Description 

The TP5395 and TP53125 are low threshold voltage, ion- 
implanted, metal-gate CMOS integrated circuits that 
generate all dual tone multi-frequency (DTMF) pairs re- 
quired in tone-dialing systems. The 8 audio output fre- 
quencies are generated from an on-chip 3.579545 MHz 
master oscillator. No external components other than the 
crystal are required for the oscillator. The TP5395 and 
TP53125 can be powered directly from telephone lines 
over wide range loop conditions. The TP53125 interfaces 
to an inexpensive single-contact calculator type keypad. 
The TP5395 interfaces to a standard telephone 2-of-8 
keypad. . 


Features 

■ Powered directly from telephone line 

■ Low voltage operation to 3.5V 

■ Uses inexpensive 3.579545 MHz crystal 

■ Tone accuracy better than ±1% without tuning 

■ Operation with either single-contact or 2-of-8 keypads 

■ Excellent thermal and voltage stability 

■ High band pre-emphasis 

■ Multi-key lockout with single tone capability 

■ Mute switch output 

■ BCD interface mode 


Block and Connection Diagrams 


OSC 

OUT 



Dual-ln-Line Package 



TOUCH TONE' is a registered trademark of Bell Telephone FIGURE 1b 
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Absolute Maximum Ratings 


Voltage at Any Pin 
Operating Temperature Range 
Storage Temperature Range 
V DD“ v ss 

Lead Temperature(Soldering, 10 seconds) 


V ss -0.3V to V DD + 0.3V 
- 30°Cto +70°C 
-55°Cto + 150°C 
6.5V 
•' 300°C 


Electrical Characteristics 

T A within operating temperature range, 3.5V <V DD - V SS <6V, unless otherwise specified 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Pull-Up Resistor at Column Inputs 

V IN = V SS 

100 


400 

kfi 

Input Pull-Down Resistor at XMIT 

V IN = V DD 

100 


400 

k n 

Internal Resistor at Row Inputs 






To V DD (TP5395) 

V IN = V SS 

100 


400 

kfi 

To V ss (TP53125) 

V IN“ V DD 

100 


400 

kfi 

i\eypad Contact riccictar.cc 




1 

kfi 

Input Voltage Levels 






Logical “1” 


V D D~ 0.25 


V DD 

V 

Logical “0” 


v ss 


V ss + 0-25 

V 

Output Voltage Swings at TONE 

V DD - Vss = 3.5 V, 





OUTPUT 

R L >500ft 





Low Band Only 



820 


mVp-p 

High Band Only 



1000 


mVp-p 

High Band Pre-Emphasis 



2 


dB 

Harmonic Distortion 

R L >500fi 






No External Filtering 


-19 


dB 


With 1000 pF at Filter 


-27 


dB 

Tone Frequency Deviation 




1.0 

% 

Operating Frequency 



3.579545 


MH2? 

Key Debounce Time 



2 

4 

ms 

Power Dissipation 

Vdd~ Vss = 6V, 



50 

mW 


R L =500n 





Output Current Level at MUTE 

Vqd- V SS = 3.5V 





Logical “1” 

Vout = Vqd - 3.2V 

20 



fA 

Logical “0” 

V 0 UT = Vss + 0.5V 

2.0 



mA 


Functional Description 

A functional block diagram of the TP5395 (or TP53125) is 
shown in Figure la, and a connection diagram is shown in 
Figure 1b. The oscillator will start immediately upon power 
being applied. When a key is pressed, both output tones 
start from zero on the negative half cycle after a 2 ms to 
4 ms key debounce period. If 2 or more keys are pressed 
together, orte or both tones will be switched OFF accord- 
ing to the functional .truth table, Figure 2a. Output frequen- 
cies and accuracies are shown in Figure 2b. 

The KB CONTROL input is used to change the interface 
from keyboard to BCD according to Figure 3. In the BCD in- 
terface mode, tone pairs are generated corresponding to 
the input BCD code on the row inputs (Figure 4) and are 
enabled during the period XMIT is high. By appropriate use 
of the column inputs during this mode, individual tones 
can be generated for test or signaling purposes. 


A MUTE output is provided to electronically control com- 
mon key functions such as switching out the transmitter 
and switching a muting resistor to the receiver. 

The sum of the 2 sine waves is provided at the TONE out- 
put. A FILTER connection is available for access to the 
base of the output emitter follower for efficient filtering of 
the output waveform. A 500 pF capacitor produces a total 
harmonic distortion 20 dB below the in-band power with- 
out degrading high band pre-emphasis for operation in the 
North American telephone system. The TONE output 
signal amplitude varies directly with the V DD supply. Using 
a zener diode to clamp this supply near the low end of the 
line variation and the output circuits shown in Figures 5 
and 6generates a line current signal amplitude that will re- 
main constant with line voltage variations. Typical per- 
formance of this circuit is shown in Figure 7. In order to 
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Functional Description (Continued) 

meet all CEPT and BPO guidelines for unwanted fre- 
quency components at 10 kHz and above the output, addi- 
tional external filtering is required as shown in Figure 8. 


Figure 9 is a keypad interconnection diagram to indicate 
row and column connections for both types of keypads. 
Timing waveforms are shown in Figure 10. 


Row 

Column 

Low Band 

High Band 

None 

None 

DC 

DC 

One 

One 

k 

f H 

None 

One 

DC 

f H 

One 

None 

k 

DC 

Two or more 

None 

DC 

DC 

Two or more 

One 

DC 

*H 

None 

Two or more 

DC 

DC 

One 

Two or more 

k 

DC 

Two or more 

Two or more 

DC 

DC 


a. Functional Truth Table 


Actual 

Frequency 

(Hz) 


699.1 

766.2 
847.4 
948.0 
1215.9 
1331.7 

— 1477 1471.9 

— 1 1633 1 1645.0 

b. Output Frequencies 
FIGURE 2. Keypad Interface Mode 


Percent 

Deviation 


I irn rnwTDm I viuiit 


0 Open Keypad 

1 0 Idle 

1 1 Send tones 

FIGURE 3. Interface Mode Control 


XMIT Cl 


X 

Open 
Open 
Open 
Open 
Open 
Open 
Open 
Open 
Open 
Open 
0 Open 

Open 0 

0 0 


Frequencies 
R1 R2 R3 R4 Generated 

f L (Hz) I f H (Hz) 


X DC 
0 941 


0- 1 0 697 


1 0 1 770 

1 1 0 770 

1 1 1 852 


0 1 1 852 

*L 

Valid BCD Inputs DC 
DC 


FIGURE 4. Functional Truth Table for Signal Interface Mode 
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Functional Description (Continued) 



FIGURE 8. Tone Output Circuit for European Application 




a. Standard Telephone Keypad 


b. Single Contact Keypad 


FIGURE 9. Keypad Interconnection Diagrams 


KB 

MUTE 

TONE ' 


VALID INPUT 

\_ 


-A/sAAAAAA/^ 

I— 2 ms-4 ms 


XMT CONTROL 

MUTE 

TONE • 


-AA/WWNA- 


a. Keyboard Mode (KB CONTROL = 0) b. BCD Mode (KB CONTROL = 1) 

FIGURE 10 
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National 

Semiconductor 


TP5393, TP5394, TP53143, TP53144 
Pushbutton Pulse Dialer Circuits 


General Description 

The TP5393, TP5394, TP53143 and TP53144 are low thresh- 
old voltage, ion-implanted, metal-gate CMOS integrated 
circuits that convert pushbutton inputs into a series of 
pulses to simulate a telephone rotary dial. Pushbutton in- 
puts require the use of a simple, low cost single contact 
calculator type keypad. An inexpensive RC oscillator net- 
work is used as the frequency reference. Storage is pro- 
vided for 21 digits. A redial feature via use of the # key is in- 
cluded. An interdigit pause can be externally selected as 
either 420 ms or 840 ms. A mute output is provided to mute 
receiver noise du r l n C! ™»tnnisino. No muting occurs during 
the interdigit pause, thereby allowing the user to hear any 
busy or error condition arising during the call. The TP5393 
and TP53143 provide a pacifier tone of 600 Hz every time a 
key is depressed. The TP5393 and TP5394 provide a 1.6:1 


break/make ratio. The TP53143.and TP53144 provide a 2:1 
break/make ratio. 

Features 

■ Direct line powered operation 

■ Low voltage operation to 2V 

■ Low cost RC oscillator 

■ Single contact keypad 

5 Oi.Hjnif ctnrano 

■ Selectable interdigital pause 

■ Redial of last number 

■ 600 Hz tone (available in TP5393 and TP53143) 
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Absolute Maximum Ratings 

Voltage at Any Pin V ss - 0.3V to V DD + 0.3V 

Operating Temperature Range - 30°C to + 70°C 

Storage Temperature Range -55°Cto +150°C 

V DD -V SS 6.5V Max 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics T A within operating temperature range, V SS = GND, 2V<V DD <5.5V 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Input Voltage Levels at 

IDP Select, HK SW, K1-K4 






Logical “1” 


V DD -0.25 


V DD 

V 

Logical “0” 


v ss 


V SS + 0.25 

V 

Input Pull-Up Resistor 

Currents at K1-K4, Source 

V DD = 3V,V IN = V SS 


1 

3 

mA 

Input Pull-Down Resistor 
Current at HK SW, Sink 

Vdd = 3V,V| N = 3V 


1.5 

3 

M A 

Keypad Contact Resistance 

Output Current Levels 




1 

kfl 

Dial Pulse 






Logical “1”, Source 

Vdd = 3V,V O ut = V dd -0.5 

80 




Logical “0”, Sink 

V dd = 3V, V 0UT = V ss + 0.5 

80 



n A 

Mute 






Logical “1”, Source 

V dd = 3V, V 0U t = V dd -0.5 

80 



uA 

Logical '0'\ Sink 

V D d = 3V, Vqut= Vss + 0.5 

80 



^A 

Tone 






Logical “1”, Source 

Vdd = 3V, V 0 ut= Vdd~ 0.5 

10 




Logical “0”, Sink 

V DD = 3V, V 0UT = V ss + 0.5 

10 



/zA 

01,02, 03 






Logical “1”, Source 

Vdd = 3V, Vout 31 Vdd~0.5 

15 



mA 

Logical “0”, Sink 

Vdd = 3V, Vqut = Vss + 0.5 

100 



/zA 

Supply Current 

V DD = 3.3V, Osc Freq = 20 kHz 




^A 


V 0D = 5.5V, ON Hook, Osc Stopped 



5 

#*A 

Outpulsing Frequency 

Osc = 20 kHz 

9 


11 

Hz 
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Connection Diagrams 

Dual-ln-Line Package Dual-ln-Line Package 


Order Number 
TP5393J or TP53143J 
See NS Package J18A 




TOP VIEW 


Order Number 
TP5394J or TP53144J 
See NS Package J16A 


Functional Description 

A block diagram of the TP5393, TP5394, TP53143 and 
TP53144 integrated circuit is shown in Figure 1 and 
package connection diagrams for the 2 package options 
are shown in Figure 2. 

Oscillator (Pins 6, 7, and 8): The time base for the pulse 
dialer integrated circuit is an RC-controlled oscillator like 
that shown in Figure 3 , typically tuned to 20 kHz by the R1 
and Cl combination. Stability of ±10% of typical 
frequency can be maintained over the voltage range 
3.0V-5.5V and temperature range - 30°C to + 70°C. At 
fixed voltage and temperature, part to part variation is less 
than 5%. 

This clock is successively divided to derive the necessary 
timing for outpulsing and interdigit pause. 

Keyboard (Pins 1-4 and 16-18 or 14-16): The TP5393, 
TP5394, TP53143 and TP53144 utilize an inexpensive 
single contact (Form A, Figure 7) keypad. A valid key 
closure is recorded when a single row (K x input) is con- 
nected to a single column (O y input). Key closures are pro- 
tected from contact bounce for 5 ms. 

Dial Pulse Output (Pin 9): The Dial Pulse output drives an 
external bipolar transistor that sequentially opens 
(breaks) the telephone loop a number of times equal to the 
input digit selected. For example, key 5 will generate 5 
loop current breaks. The break/make ratio of the TP5393 
and TP5394 is 1.6:1.0 (i.e., 61.5%:38.5%). The break/make 
ratio of the TP53143 and TP53144 is 2.0:1.0 (i.e., 67% :33%). 

IDP Select (Pin 15 or 13): The IDP select input is used to se- 
lect an interdigit separation of either420 ms (logic “0” = V ss ) 
or 840 ms (logic “1” = V DD ). An interdigit delay precedes 
the first digit outpulse sequence. 

Mute (Pin 11 or 10): The Mute output is used to drive an ex- 
ternal bipolar transistor that is used to mute the receiver 
during the outpulse period. System timing between key 
closure, mute and dial pulse is shown by the timing 
diagram in Figure 4. 

Tone (Pin 14 TP5393 and TP53143 Only): The TP5393 and 
TP53143 provide a tone output to provide audio feedback 
to the user. The output is a 600 Hz tone that requires an ex- 
ternal bipolar driver to activate the telephone receiver. 

Hook Switch Input (Pin 5): The function of the hook switch 
input is to properly initialize the circuitry for proper 


memory and redial operation. In the dim noox, logic : G' ; ui 
V ss condition, the hook switch input 

a. stops the 20 kHz oscillator 

b. sets the memory pointer back to digit 1 

c. clamps the dial pulse and mute ouputs to logic “1” 
or V DD 

d. resets all control logic 

When the telephone is taken OFF hook, this input must be 
taken to logic “1” or V DD to release the oscillator and 
enable the memory and various outputs. For a non-redial 
application it is necessary to provide an RC delay of 
approximately 10 ns to the hook switch input in order to 
provide a proper power-on clear sequence. 

Schematic diagrams for use of the TP5393, TP5394, 
TP53143 and TP53144 in typical applications are shown in 
Figures 5 and 6. 

REDIAL FEATURE 

Pushbutton inputs are accepted at an asynchronous rate. 
If only 1 key is detected for 5 ms, the decoded key will be 
loaded into a first-in-first-out memory and outpulsing of 
the correct number of pulses will immediately begin. After 
the first digit has been completed, outpulsing will cease 
unless another key has been entered. This allows use in a 
PBX system to insure receipt of a dial tone after an access 
code has been entered and before entering the remainder 
of the number. If the call was not successful, it can be 
redialed at a later time by pressing the redial (#) key. If an 
access code is required, as in a PBX system, it can be 
manually entered, the dial tone established, and then the 
redial key pushed to automatically dial the remainder of 
the number. Only 1 key can be entered before pushing the 
redial key. 

An example of this operation is shown here: 

Key Inputs Outpulses Memory 

First Try 9 P 4087375000 94087375000 94087375000 

Second Try 9 P# 94087375000 94087375000 

Third Try 9P# 94087375000 94087375000 

where P implies a user pause. 
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Functional Description (Continued) 



FIGURE 3. Three Gate Oscillator and Waveforms 


DIGIT 
. 3 

key i r~ 


DIGIT 

2 


u 


-'r 




DIAL PULSE 


I^idp— | i— 'dp— rj|_ tl>0 -Jl*< 

— umr^njir 

I— I U-38.5% 

61.5%-*-] I— 

FIGURE 4. Output Timing Waveforms 


t2>0 
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Functional Description (Continued) 



Notel: No redial. 

Note 2: Non-valued parts included in instrument. 

Note 3: Letters refer to instrument terminals. 

FIGURE 5. Typical Application of TP5394 in Type 500D Telephone 




01 02 03 


FIGURE 7. Keypad Matrix 



9 
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TP53130 



National 

Semiconductor 


TP53130 DTMF (TOUCH TONE®) Generator 


General Description 

The TP53130 is a low threshold voltage, ion-implanted, 
metal-gate CMOS integrated circuit that generates all 
dual tone multi-frequency (DTMF) pairs required in tone- 
dialing systems. The 8 audio output frequencies are 
generated from an on-chip 3.579545 MHz master oscil- 
lator. No external components other than the crystal are 
required for the oscillator. The TP53130 can be powered 
directly from telephone lines over wide range loop condi- 
tions. The device can interface directly to an inexpensive 
single-contact calculator type keyboard or a standard 
telephone 2-of-8 keypad (Figure 4). The TP53130 is also 
capable of accepting binary code inputs for micro- 
processor-controlled systems applications. 


Features 

■ 3V-15V operating voltage 

■ On-chip 3.579545 MHz crystal-controlled oscillator 

■ Tone accuracy better than ±1% without tuning 

■ Interface with standard 2-of-8 telephone keypad 

■ Interface with single-contact low cost keypad 

■ Input signals can be in binary code 

■ Multi-key lockout with/without single tone capability 

■ On-chip high band and low band tone generators and 
mixer 

■ High band pre-emphasis 

■ Low harmonic distortion 

■ Open emitter-follower low impedance output 

■ Separate receiver mute and transmitter mute switch 
outputs 

■ Powered directly from the telephone line 


Block Diagram 



TOUCH TONE*’ is a registered trademark of Bell Telephone 


FIGURE 1 
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Absolute Maximum Ratings 

Voltage at Any Pin Except XMT SW and MUTE V ss - 0.3V to V DD + 0.3V 
Voltage at XMT SW and MUTE Pins V ss - 0.3V to 15V 

Operating Temperature Range - 40°C to + 70°C 

Storage Temperature Range -65°Cto +150°C 

V DD -V SS 15V 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics t a within operating temperature range, 3V<V DD <8V, unless otherwise specified. 


Input Pull-Up Resistor 





Column and Row Inputs 


25 

50 

90 

i^-y> 


200 

650 

1000 

Mode Select 


200 

650 

1000 

Tone Disable 


200 

650 

1000 

Input Pull-Down Resistor 





Column and Row Inputs 

> 

CO 

'll 

o 

Q 

> 

650 




> 

CO 

II 

Q 

O 

> 

200 



Input Voltage Levels 





Logical “1” 


80% of V DD 


V DD 

Logical “0” 


v ss 


20% of V DD 

Operating Frequency 



3.579545 


Output Voltage Swing at Tone 
Output 





Low Band Alone 

R L > 150ft 


820 


High Band Alone 

R L > 150ft 


1000 


Harmonic Distortion 

R L > 150ft 



-20 

Tone Frequency Deviation 




1.0 

Typical Application Output 

Level V L (See Figure 5) 

20 < 1 L < 100 mA 




Low Band Tone 

R l = 150ft 


-7 


High Band Tone 

R L = 150ft 


-6 


THD 

f <20 kHz 


4 . 


Output Currents 

< 

o 

o 

II 

CO 

< 




XMT SW/MUTE 

V 0U t = 2 V 

3 



Idle Current 

R|_.= 00 , V DD = 8.0V 
(No Key Depressed) 



1 

Operating Current 

R L = °°, V DD = 3.5V 



2 

Key Down to Tone Outputting 
Time (Debounce) 



3 

4 

DC Output 

Tone Disable = 0 


TRI-STATE® 
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TP53130 


Connection Diagram 


Dual-ln-Line Package 



FIGURE 2 


Order Number TP53130N 
See NS Package N18A 


Functional Description 

A functional block diagram of the TP53130 is shown in 
Figure 1, and connection diagram is shown in Figure 2. 
The TP53130 can be operated in the Keyboard Interface 
Mode and can also be operated in the Binary interface 
Mode depending on the logic level at the Key/BCD Select 
input. In either mode, the device will digitally synthesize 
the high and low band sine waves of DTMF signaling, 
when valid signals are applied to row and/or column in- 
. puts. The sum of the two sine waves is then provided at the 
Tone output. 

Tone Disable: This input has an internal pull-up resistor. 
When this input is open or at logical high (V D p), the XMT 
SW and MUTE outputs will deliver valid out put signals in 
response to the proper input signals. When Tone Disable 
is at logical low (V ss ), the device will be in the inactive mode. 
Tone output will go to an open circuit state, XMT SW and 
MUTE outputs will sink current through on-chip N-channel 
devices and the crystal oscillator will be disabled. 

Key/Binary Select: When this input is open or at logical 
h igh(VDD)» thedev i cewi,, i nterfaceake y b o ar d-(SeeTablel.) 
When Key/Binary Select is low (V ss ), the device will accept 
binary inputs on the row signal input lines. (See Table II.) 

Oscillator: Tone generation and internal timing are de- 
pendent on the accurate operation of the crystal oscil- 
lator. The oscillator inverter/amplifier and all necessary 
bias networks are included on-chip. The only external 
component is a 3.579545 MHz crystal. It should be con- 
nected to the device as shown in the typical application 
diagram (Figure 5). The oscillator is not running unless a 
valid input signal is applied to the device. The oscillator is 
also disabled when Tone Disable is tied to logic low (V ss ). 
This feature will prevent RF modulation oh the telephone 
line. 

Single Tone Capability: This is a desirable feature for 
initial testing. With the device operating in the Keypad 
Interface Mode, operation of multiple keys in different 
rows and columns will not generate output tones. 
However, operation of two or more keys in the same row or 
column will generate the proper tone for that row or col- 


umn. During multiple key operation, the XMT SW and 
MUTE outputs will not change state more than once. With 
the device operating in the Binary Interface Mode, a 
logical low at the column 1 input will inhibit the high band 
tone output while a logical low at the column 2 input will 
inhibit the low band tone output. (See Table I.) Logical low 
inputs on both column inputs 1 and 2 will disable the 
device the same way as the Tone Disable input will when 
set to logical low. 

Mode Select: This input has an internal pull-up resistor. 
When open or at logical high, single tone outputs are 
aiiowed. When this input is at logical low, single tone out- 
puts are prohibited. XMT^SW and MUTE outputs will stay 
high during a multiple key depression input. 

Tone Output: Dual-tone output frequencies are generated 
in response to valid input signals to the device. (See 
Table III.) Each frequency is synthesized with 32 steps of 
approximation for low harmonic distortion. The ampli- 
tudes of the low and high frequency tones are constant 
and independent of operating voltages. When tone out- 
puts are present, the Tone output will be the composite of 
the AC signal superimposed on a DC offset. The DC offset 
is approximately 1/2 V DD . When no tones are present at the 
Tone output pin, the pin will be open circuit. 

XMT SW (Transmitter Switch) and MUTE Outputs: In the 

idle state (no key depressed, no signal interface inputs 
and Tone Disable at a logical low) both the XMT SW and 
MUTE outputs will sink current to V ss through on-chip 
transistors. In the active state, these outputs will source 
current from V DD whenever valid output tones are 
generated. The MUTE output activates before the XMT SW 
output as shown in Figure 3. 

Signal Inputs (Row and Column Inputs): These inputs do 
not have a fixed pull-up or pull-down internal resistor, or a 
fixed logical level. Logic levels at the inputs are deter- 
mined by internal states of the device. An input scan tech- 
nique is used so that the device can directly interface 
either 2-of-8 keypads with common switch arrangements 
or the single contact X-Y keypads. (See Figure 4.) 
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Functional Description (Continued) 



FIGURE 3. Timing Diagram of MUTE and XMT SW in 
Relation to Key Input and Tone Output 


TABLE I. FUNCTIONAL TRUTH TABLE (WITH “MODE SELECT” OPEN) 




9-279 


TP53130 






































TP53130 


Functional Description (Continued) 


TABLE III. OUTPUT FREQUENCIES 


Inputs 

Desired Freq. (Hz) 

Actual 

Frequency 

Percent 


k »H 

(Hz) 

Deviation 

R1 

697 

699.1 

0.306 

R2 

770 

766.2 

- 0.497 

R3 

852 

847.4 

-0.536 

R4 

941 

948.0 

0.741 

Cl 

1209 

1215.9 

0.569 

C2 

1336 

1331.7 

-0.324 

C3 

1477 

1471.9 

-0.35 

C4 

1633 

1645.0 

0.736 



INTERNAL CIRCUITRY 


INTERNAL CIRCUITRY 


FIGURE 4a. Standard Dual Contact Telephone Key 

I 

i 

I P 0LU M L| * l— ► INTERNAL CIRCUITRY 


► INTERNAL CIRCUITRY 


FIGURE 4b. Single Contact Key 


Typical Application 

! «m l 


TO - 11 ' 1 50 Hf 

60 ^T^fiOVoc 
Voc 



Note 1: All resistances are in ohms. 

Note 2: Test circuit used to measure sinnal levels and distortion. 




200 >R|_ >12052 

ADJUST FOR LEVEL 

NA/2 



FIGURE 5 








National 
Semiconductor 

TP5600, TP5605, TP5610, TP5615 Ten-Number 
Repertory Pulse Dialers 


PRELIMINARY 


General Description 

The TP5600, TP5605, TP5610, TP5615 are monolithic inte- 
grated circuits built using National’s advanced P 2 CMOS 
process (double poly-silicon gate CMOS). They provide all 
logic necessary to convert keypad inputs into a series of 
pulses simulating rotary telephone dialing. An on-chip 
memory provides storage for nine telephone numbers plus 
the last number dialed, each up to 16 digits in length. The 
simple control scheme needs only 2 key entries to store a 
number or initiate automatic dialing of a stored number. This 
control scheme is the same as that used on the TP5650 reper- 
tory DTMF generator so that no user re-education is 
necessary when converting from pulse to tone dialing. For 
PBX applications, the first 1 or 2 digits may be overwritten to 
obtain a second dial tone prior to automatic dialing. Two out- 
puts are provided to control pulsing of the telephone line and 
muting of the receiver. The low voltage and low current re- 
quirements of this device allow direct telephone line 
powered operation for dialing. A small battery is recom- 
mended for on-hook memory retention. 


Features 

■ 2V, 150 /aA telephone-line powered operation 

■ 1 fiA memory retention current 

■ Stores and auto-dials ten 16-digit numbers 

■ Last-number-redial included 

■ Scratchpad (number storage without dialing) 

■ Control key scheme— same as TP5650 DTMF repertory 
dialer 

■ 2-digit overwrite for PBX access codes 

■ Voltage regulator on-chip 

■ PC o?™ii»tnr with ±3% frequency stability 

■ Single-contact or negative-common key inputs 

■ TP5600, TP5605 for pulsing loop in shunt with speech 
network 

■ TP5610, TP5615 for pulsing loop in series with speech 
network 

B TP5605, TP5615 have IDP select and 10/20 pps select 


Block Diagram 



(TP5605, TP5615 ONLY) 

FIGURE 1 
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TP5600, TP5605, TP5610, TP5615 


Absolute Maximum Ratings 

DC Supply Voltage (V DD -V SS ) 

Voltage on Any Pin 
Operating Temperature (T A ) 

Storage Temperature 
Maximum Power Dissipation (25°C) 


V DD + 0.3V to Vss- 0.3V 
— 30°Cto + 70°C 
-55°Cto +150°C 
500 mW 


DC Electrical Characteristics i. 


a within operating temperature range, 2V< V DD <5V unless otherwise specified 


Parameter 

Conditions 

Min 

Typ 

Max 

DC Operating Current 

V dd = 2V (Note 1) 



150 


V dd = 5V (Note 1) 

1 



Memory Retention Current 

On-Hook, V dd = 2V 



1 

PULSE Sink Current 

Vdd = 2V ) V OU t = 0.5V 

50 



PULSE Source Current 

V dd = 2V,V OU t = 1.5V 

150 



MUTE Sink Current 

V DD = 2V, V our = 0.5V 

50 



MUTE Source Current 

V dd = 2V,Vout=1.5V 

150 



Logic ‘0’ Level Input 


v ss 


0.2 V DD 

Logic ‘1’ Level Input 


0.8 V DD 


o 

Q 

> 

Keyscan Pull-Up Resistance 



100 


Keyscan Pull-Down Resistance 



4 


Keypad Contact Resistance 




1 

Keypad Capacitance 




30 

HOOKSWITCH Pull-Up Resistance 



100 




AC Electrical Characteristics t, 


a within operating temperature range, 2V< V DD <5V unless otherwise specified 


Parameter 

Conditions 

Min 

Typ 

Max 


Oscillator Frequency 



8 


kHz 

Oscillator Stability 

Internal Regulator Connected, 

1 50 fiA < 1 dd < 300 fiA 

-3 

'S 

3 

% 

Keypad Debounce Time 

OSC IN = 8 kHz 

9 


11 

ms 

Oscillator Start-Up Time 

a 

II 

Q 

O 

> 


5 


ms 

Pulse Rate 



10 


pps 

BREAK Time 

BREAK/MAKE = V DD 


60 


ms 


BREAK/MAKE = V SS 


66 


ms 
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Connection Diagrams 

Dual-In-Line Package 



-HOOKSWITCH 

- ROW 1 

1 

-ROW 2 
-ROW 3 
-ROW 4 
-MUTE OUT 


Order Number TP5600N or TP5610N 


Dual-In-Line Package 



\— BREAK/ MAKE SELECT 


TOP VIEW 

Order Number TP5605N orTP5615N 


Pin Descriptions (Pin numbers refer to TP5600, 
TP5610) 

Vqd (pin 1): This is the positive supply to the device and is 
referenced to V ss (pin 5). An active zener regulator is con- 
nected on-chip between V DD and Vss (see pin 5), and the 
device is intended to be powered from a current-limited 
source. This regulator is turned off and effectively discon- 
nected when the device is in the on-hook state in order to 
minimize current consumption. Power-on reset and low- 
voltage detect circuits ensure correct operation following 
power-up or reduction of the on-hook supply voltage below 
that required to retain stored data. 

Keypad Inputs (pins 3, 4, 5, 11, 12, 13 and 14): A valid key en- 
try is defined as either connecting a single row to a single 
column or connecting V ss simultaneously to a single row 
and a single column. This allows direct interface to an in- 
expensive single-contact (form A) keypad, the standard 
2-of-7 keypad with negative-common, or logic-generated 
inputs. 

Vss(P in 6): This is the negative supply. 

OSC IN, OSC OUT (pins 7, 8 on TP5600, TP5610 only): The 

device contains an on-chip oscillator circuit designed to 
work with a ceramic resonator at 480 kHz in anti-resonant 
mode. 2 external capacitors are required, typically 100 pF 
each. The circuit may also be driven with an external 
480 kHz source on OSC IN. 

OSC IN, OSC OUT, OSC OUT (pins 7, 8 and 9 on TP5605, 
TP5615 only): The device includes a stable on-chip 
oscillator circuit designed to work with the component 
values shown in Figure 3. The circuit may also be driven 
with an external 8 kHz source on OSC IN (pin 6). 

On all devices, the oscillator runs only while the device is 
scanning the keypad and/or timing storage or outpulsing 
functions. 


BREAK/MAKE SELECT (pin 9): The BREAK/MAKE ratio is 
selected by connecting this pin as follows: 


Input to BREAK/MAKE Pin 

PULSE Output | 

BREAK 

MAKE 

V DD 

Vss 

60% 

66% 

40% 

34% 


MUTE OUT (pin 10): This is a CMOS output designed to 
drive a simple interface circuit to mute the receiver during 
outpulsing. See the timing diagram for further details. 
HOOKSWITCH (pin 15): This input has a 100 kO internal 
pull-up resistor to V DD . Allowing this pin to float, or con- 
necting a V DD level puts the circuit in the on-hook, low 
power idle mode. It also turns off the active zener regulator. 

Connecting this pin to V ss puts the circuit in the off-hook 
mode, ready to accept key inputs and generate outpuls- 
ing. It also turns on the zener regulator to limit the voltage 
across the device. See Applications Information for fur- 
ther information. 

PULSE OUT (pin 16): This is a CMOS output designed to 
drive a simple interface circuit to pulse the telephone line 
with the correct BREAK/MAKE ratio, IDP timing and pulse 
rate. 

IDP SELECT (TP5605, TP5615 only): The Inter-Digital 
Pause period is selected by connecting this pin as follows 
(no pull-up resistor is provided): 


Input to IDP Pin 

IDP Period 

V DD 

825 ms 

v ss 

525 ms 


10/20 pps SELECT (pin 2): For normal 10 pps dialing, con- 
nect this pin to V S s- Connecting this pin to V DD doubles the 
rate of all PULSE OUT and MUTE OUT timing. 



9-283 


TP5600, TP5605, TP5610, TP5615 






9-284 









Functional Description 

The timebase for this family of repertory dialers is de- 
rived from a stable RC oscillator connected as shown in 
Figure 3. In the on-hook condition, the oscillator is 
stopped and all keypad inputs inhibited. After going off- 
hook, the oscillator remains off and the keypad inputs go 
to a static sensing mode. Upon sensing a single key clo- 
sure, the oscillator starts, and the row and column inputs 
are alternately scanned at a 500 Hz rate. When a key clo- 
sure remains valid for the required debounce time, the key 
is interpreted in accordance with Table I. During manual 
dialing, valid digit keys are entered into the last-number- 
dialed register (register 0) in sequence and outpulsed at 
the nominal lOpps rate. A manually dialed number may be 
entered rapidly and may exceed 16 digits without limit, 
provided no more than 15 digits remain to be outpulsed. 
Automatic dialing is inhibited, however, if an attempt is 
made to store more than 16 digits in any register. When no 
further digits remain to be outpulsed, the oscillator stops 
and key inputs return to the static sensing mode awaiting 
further keys or a return to the on-hook condition. 


TABLE I. CONTROL SCHEME 


Function 

Control Sequence 

Dial and store in register 0 

No dial, store in register N only 
Scratchpad 

Copy last number to register N 
Auto-dial register N 

Last number redial 

PBX access 

1 D,....D X 

1 * N D,....D X 

— D x * N D-| . . . Dy 

- - - D x (i t)* N l 
t # N 

t #0 

1 (Di) (D 2 ) # 0 or N 


Note 1: N is a long-term storage register numbered from 1-9. 

Note 2: t indicates on-hook to off-hook, 1 indicates off-hook to on-hook. 
Note 3: Entries in brackets may be omitted. 


NUMBER STORAGE 

Telephone numbers are stored in 10 registers, numbered 

0- 9. Register contents can only be modified while off- 
hook. Register 0 always stores the last number which was 
manually dialed, and remains unchanged during auto- 
matic dialing. Numbers for long-term storage in registers 

1- 9 are entered by *, then N and then the telephone 
number, where N is the register number. Other registers 
can be successively modified by entering a new *, N 
followed by the telephone number. Once a * key is entered, 
no further outpulsing is possible until after an on-hook 
reset on the HOOKSWITCH pin. This facilitates the 
Scratchpad feature, whereby a number can be stored in a 
register without outpulsing during a conversation. The 
last number dialed manually is copied from register 0 to 
any of the long-term storage registers by entering *, N. 

An attempt to store more than 16 digits in a register will set 
an overflow flag to inhibit automatic dialing from that 
register. The flag is reset following the next * , N entry to re- 
program that register. . 


DIALING 

Automatic dialing of the telephone number stored in any 
register is initiated by entering #, then N. The keypad is 
then locked out until completion of outpulsing, after 
which further manual or automatic dialing is permitted. 

For PBX applications, a 1 or 2-digit access code may be 
entered prior to a #, N code. These access digits overwrite 
the previously stored digits at the start of register 0, the 
last-number-dialed register. The user then waits for a sec- 
ond dial-tone before automatically dialing the required 
number. Note that if a 2-digit access code is entered 
followed by #, 0, register 0 is automatically dialed from 
location 3 onwards. Either a 1 or 2-digit access code 
followed by #, 0, however, automatically dials register N 
from location 1 onwards. This allows the most flexible use 
of registers 1-9. Thus, it is not necessary to store access 
codes in registers 1-9, either manually or by copying the 
last number dialed. 


Applications Information 

The TP5600 and TP5605 PULSE output is designed to drive 
a pulsing loop circuit in shunt with the speech network, as 
shown in Figure 3. During outpulsing, the MUTE circuit is 
turned off to isolate the speech network from the line. Q2 
and Q3 conduct during MAKE periods, R1 adjusts tele- 
phone pulsing resistance. Q2 and Q3 turn off during 
BREAK periods, loop current is then only the supply cur- 
rent to the device. Q1 provides a current source of 200 fiA 
minimum to ensure that the device will have an adequate 
supply voltage. 

The TP5610 and TP5615 PULSE output is designed for a 
series pulsing loop, as shown in Figure 4. In this case, the 
MUTE circuit isolates only the receiver, so that current 
flows through the speech network while outpulsing MAKE 
periods. Q3 cuts off this current during BREAK periods. 

The on-hook current required for the device to retain data 
is low enough to allow this current to be drawn from the 
telephone line in certain applications. In this case, it is ad- 
visable to add an external protection zener diode, 
specified for very low leakage, as the internal regulator is 
turned off when the HOOKSWITCH pin goes high. A low 
leakage decoupling capacitor should also be specified. 

To protect stored data in the event of reduced line voltage 
(caused by an off-hook extension telephone, for example), 
a small back-up battery is recommended, as shown in 
Figures 3 and 4. 

The off-hook current source formed by JFET Q1 and its 
source resistor must provide sufficient curre nt to supply 
the repertory dialer plus the PULSE and MUTE loads when 
in their active states. 
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FIGURE 4. TP5615 Series Dialer Application 
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National 

Semiconductor 



PRELIMINARY 

TP5650, TP5660 Ten-Number Repertory DTMF Generators 



General Description 

The TP5650 and TP5660 are monolithic integrated circuits 
built using National’s advanced P 2 CMOS process (double 
poly-silicon gate CMOS). They interface directly to a 
telephone keypad and generate all 16 standard dual-tone 
multi-frequency pairs required in tone dialing systems. An 
on-chip memory provides storage for nine telephone 
numbers plus the last number dialed, each up to 16 digits 
in length. The simple control scheme needs only 2 key en- 
tries to store a number or initiate automatic dialing of a 
stored number. This control scheme is the same as that 
used cn the TP5600 fami!'' o* ronortnrv nniso dialers so 
that no user re-education is necessary when converting 
from pulse to tone dialing. The tone synthesizers are 
locked to an inexpensive 3.579545 MHz crystal for high ac- 
curacy. A MUTE OUT logic signal, which changes state 
when any key is depressed, is also provided. The low 
voltage and low current requirements of this device allow 
direct telephone line powered operation. A small battery is 
recommended for on-hook memory retention. 


Features 

■ 2.5V-12V operation when generating tones 

■ 2 V operation of keyscan and MUTE logic 

■ 1 /xA memory retention current 

■ Stores and auto-dials ten 16-digit numbers 

■ Last-number-redial included 

■ Scratchpad (number storage without dialing) 

■ TP5650 control key scheme same as TP5600 repertory 
pulse dialer 

■ TP5660 has 14 keys— separate Store and Redial 

h <i-uiyu uvci vnilc for PljX OCCC3G CCdCO 

■ 3.579545 MHz crystal-controlled oscillator 

■ Low harmonic distortion 

■ Single-contact or negative-common (2-of-8) key inputs 
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TP5650, TP5660 


Absolute Maximum Ratings 





Supply Voltages (V DD - 

•Vss)and{V DD -V M ) . 13V 





Maximum Voltage at Any Other Pin 

V DD + 0.3V to V SS “0.3V 





Operating Temperature (T a ) 

— 30 °C to + 60 °C 

- 




Storage Temperature 


- 55°Cto + 150°C 





Maximum Power Dissipation 

500 mW 





Electrical Characteristics 2V<V DD <10V, unless otherwise specified, T A within operating temperature range 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Minimum Supply Voltage Swing 

Generating Tones 

2.5 



V 

TONE OUT Amplitudes 

R L =100fi 





Low Group 


V dd = 2.5V 


175 


mVrms 



V D = 10V 


190 


mVrms 

High Group 


V DD = 2.5V 


225 


mVrms 



< 

o 

o 

II 

o 

< 


240 


mVrms 

High Group Pre-Emphasis 



2 


dB 

Mean DC Offset 


Generating Tones 







V dd = 2.5V 


0.7 


V 



V DD =10V 


2.8 


V 

Dual Tone/Total Harmonic 

1 MHz Bandwidth 

20 



dB 

Distortion Ratio 







Start-Up Time (to 90% Amplitude) 




5 

ms 

Tones-On Duration 


Automatic Dialing 


72.3 


ms 

Tones-Off Duration 


Automatic Dialing 


72.3 


ms 

Supply Current, l DD 







Idle 


> 

in 

II 

Q 

Q 

> 


20 


fiA 

Generating Tones 


R l = 10 kQ 


2 


mA 

Battery Current, l M 


On-Hook, Vgs Open 


2 



MUTE OUT Sink Current 

V DD = 2.5V, V 0 = 0.5V 

0.2 



mA 

MUTE OUT Source Current 

V DD = 2.5V, V 0 = 1.5V 

0.2 



mA 

Column and Row Resistors 



50 


kfi 

Connection Diagrams 






1 


16 

1 


16 


VDD — 


— TONE OUT 

Vdd — 


— TONE OUT 


Vm — 


-NC 

v M — 


15 

— ROW 5 


3 


14 

3 


14 


COL 1 — 


— ROW 1 

COL 1 — 


— R0W1 


4 


13 

4 


13 


COL 2 — 


— ROW 2 

COL 2 — 


— ROW 2 


5 

TP5B50 

12 

5 

TP5660 

12 


COL 3 — 


— ROW 3 

COL 3 — 


— ROW 3 


6 


11 

6 


11 


Vss — 


— ROW 4 

Vss — 


— ROW 4 


OSC IN — 


10 

— MUTE OUT 

7 

OSC IN — 


10 

— MUTE OUT 


8 

OSC OUT — 


9 

— COL 4 

OSC OUT — 


9 

— COL 4 



TOP VIEW 



TOP VIEW 



Order Number TP5650N 

Order Number TP5660N 




FIGURE 2 
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Pin Descriptions 

Vqd (P in 1) : The positive supply to the device, referenced 
to V ss . A power-on reset circuit ensures correct operation 
following initial power-up. 

V M (pin 2): The negative terminal of the back-up battery for 
on-hook memory retention. A low-voltage detect circuit 
prevents misoperation of the circuit in the event of a 
reduction in the on-hook supply voltage below that re- 
quired to retain stored data. 

COLUMN and ROW Scans (pins 3, 4, 5, 9, 11, 12, 13, 14 plus 
pin 15 on TP5650 only): When no key is closed, pull-up 
resistors are active on COLUMN inputs and pull-down 
resistors are active on ROW inputs. After a key is closed 
the ROW pull-down resistors cause a negative-true on 
COLUMN inputs, which starts the oscillator and initiates 
tone generation. 

Vss (P in 6 ) : The negative supply to the device in the off- 
hook state. An open-circuit on this pin while back-up 
power is maintained on V M will reset the circuit. 

OSC IN, OSC OUT (pins 7 and 8): All logic and tone 
generator timina is derived from the on-chip oscillator cir- 
cuit. A low cost 3.579545 MHz A-cut crystal (NTSC TV 
color-burst) must be connected between pins 7 and 8. 
Load capacitors and a feedback resistor are included on- 
chip for good start-up and stability. The oscillator stops 
when automatic tone generation is completed or there are 
no key closures, 

MUTE OUT (pin 10): This is a CMOS output which sinks 
current to V ss when no tones are being generated and 
sources current from V DD when tones are being generated. 
TONE OUT (pin 10): This output is the open emitter of an 
NPN transistor, the collector of which is connected to V DD . 
When, an external load resistor is connected from TONE 
OUT to V ss , the output voltage on this pin is the sum of the 
high and low group sine-waves superimposed on a DC off- 
set. When not generating tones, this output transistor is 
turned off to minimize the device idle current. 


Functional Description 

In the on-hook state, with power maintained for memory 
retention, the oscillator is stopped, the output transistor is 
pulled off and all keypad inputs are inhibited. After going 
off-hook, the oscillator remains off and the key inputs go 
to a static sensing mode. A single key closure activates 
the MUTE OUTPUT and starts the oscillator and keyscan. 
A valid digit key sets the high group and low group pro- 
grammable counters to the appropriate divide ratio. These 
counters sequence two sine-weighted-capacitor D/A con- 
verters through a series of 28 equal-duration steps per 
sine-wave cycle. An on-chip voltage reference ensures 
good stability of tone amplitudes with variations in supply 
voltage and temperature. The two tones are summed by a 
mixer amplifier, with pre-emphasis applied to the high 
group tone. The output is an NPN emitter-follower requir- 
ing the addition of an external load resistor to V ss . This 
resistor facilitates adjustment of the signal current flow- 
ing from Vqq through the output transistor. 

Key inputs which are digits for manual dialing are not de- 
bounced prior to tone generation. Keys are debounced 
prior to being accepted as digits to be stored or as control 
keys (Table II). Upon completion of a manually or automati- 
cally dialed number, the oscillator stops and key inputs 
return to the static sensing mode awaiting further keys or 
a return to the on-hook state. 


TABLE I. OUTPUT FREQUENCY ACCURACY 


Tone 

Valid 

Standard 

Tone Out 

% Deviation 

Group 

Input 

DTMF(Hz) 

Frequency 

from Standard 

LOW 

ROW 1 

697 

694.8 

-0.32 

GROUP 

ROW 2 

770 

770.1 

+ 0.02 

f L 

ROW 3 

852 

852.4 

+ 0.03 


ROW 4 

941 

940.0 

-0.11 

HIGH 

COL 1 

1209 

1206.0 

-0.24 

GROUP 

COL 2 

1336 

1331.7 

-0.32 


COL 3 

1477 

1486.5 

+ 0.64 


COL 4 

1633 

1639.0 

+ 0.37 


TABLE II. CONTROL SCHEME 


Function 

Control Sequence 

Dial and Store in Register 0 

I D V ...D X 

No Dial, Store in Register N Only 

t SND V ...D X 

Scratchpad 

t D 1 ...D x SND 1 ...D y 

Copy Last Number to Register N 

...D x (l t)SN l 

Auto-Dial Register N 

I RN 

Last Number Redial 

1 R0 

PBX Access 

I (D-j) (D 2 ) R 0 or N 

* Tones 

* (TP5660) 

** (TP5650) Note 1 

# Tones 

# (TP5660) 

## (TP5650) Note 2 


Note 1: * key is also STORE key S on TP5650 

Note 2: # key is also REDIAL key R on TP5650 

Note 3: N is a long-term storage register numbered from 1-9 

Note 4: t indicates on-hook to off-hook, 1 indicates off-hook to on-hook 

Note 5: Entries in brackets may be omitted 

NUMBER STORAGE 

S (for store) and R (for redial) entries refer to TP5660 only. 
* is shown in brackets to replace S and # is shown in 
brackets to replace R on the TP5650 only. 

Telephone numbers are stored in 10 registers, numbered 
0-9. Register 0 always stores the last number which was 
manually dialed, and remains unchanged during auto- 
matic dialing. Register contents can only be modified 
while off-hook. 

Numbers are stored in long-term registers 1-9 by entering 
S ,(*), then N and then the telephone number, where N is 
the register number. Other registers can be successively 
modified by entering a f>ew S (*), N, followed by the tele- 
phone number. Once an S (*) key fe entered, no further 
digit tone outputs are possible until after an on-hook reset. 
This facilitates the Scratchpad feature, Whereby a number 
can be stored in a register without tone outputs during a 
conversation. The last number dialed manually can be 
copied from register 0 to any of the long-term storage 
registers by entering S (*), N, then going on-hook. 

An attempt to store more than 16 digits in a register will set 
an overflow flag to inhibit automatic dialing from that 
register. The flag is reset following the next S (*), N entry to 
re-program that register. 

DIALING 

In the manual dialing mode (i.e., direct dialing from the 
keypad), tone pairs are generated for the duration of a 
valid key closure. 

Automatic dialing of the number stored in register N is in- 
itiated by entering R (#) followed by N. The correct tone 
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Functional Description (Continued) 

pairs are generated in alternate bursts of tones-on, tones- 
off until the end of the stored number. During this time, the 
keypad is locked out until completion of dialing, following 
which further manual or automatic dialing is permitted. 

For PBX applications a 1 or 2-digit access code may be 
entered prior to the R (#), N code. These access digits over- 
write the previously-stored digits at the start of register 0, 
the last-number-dialed register. The user then waits for a 
second dial tone before entering R (#), N to automatically 
dial the stored number. 

Note that if a 2-digit access code is entered followed by R 
(#), 0, register 0 is automatically dialed from location 3 on- 
wards. Entering either a 1 or 2-digit access code followed 
by R (#), N, automatically dials register N from location 1 


onwards. This allows the most flexible use of registers 
1-9. Note that access codes should not be entered into 
registers 1-9, either manually or by copying the last 
number dialed. 

Applications Information 

Adjustment of the emitter load resistor results in variation 
of the mean DC current during tone generation-, the sine- 
wave signal current through the output transistor, and the 
output distortion. Increasing values of load resistance 
decrease both the signal current and distortion, while in- 
creasing the source impedance of the device as seen from 
its power supply terminal. Note that the DTMF generator 
is a current source which modulates its own supply ter- 
minals in a conventional telephone application. 



FIGURE 3. Amplitude and Distortion Measurement Circuit 



FIGURE 4b. Auto-Redial Timing 
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National 

Semiconductor 


Industrial Blocks 


LH0091 True RMS to DC Converter 


General Description 


The LH0091, rms to dc converter, generates a dc output 
equal to the rms value of any input per the transfer 
function: 


e OUT(DC) = 


E||\| (t) dt 


The device provides rms conversion to an accuracy of 
0.1% of reading using the external trim procedure. 


x, in R m \ / 


±0.05% typ) for decade ranges i.e., 10 mV -► 100 mV, 
0.7V -»7V, etc. 


Features 


True rms conversion 


■ 0.5% of reading accuracy untrimmed 

■ 0.05% of reading accuracy with external trim 

■ Minimum component count 

■ Input voltage to ±1 5V peak for Vs = ±15V 

■ Uncommitted amplifier for filtering, gain, or high 

CTUbi lauiui cui myui aiiui t 

■ Military or commercial temperature range. 


Block and Connection Diagrams 


Dual-ln-Line Package 


V IN FEEDBACK A1 (-) V + (OUT) OUT A3- FEEDBACK 


e IN ► 'V|Nl J— M 2 LOG 


LOG" 1 — W / ' »-» e 0UT 


Order Number 
LH0091D 
LH0091CD 
See Package D16D 



NC V" NC A5 (+) A5 (-) A2 (-) A4 (-) GND 


Simplified Schematic 



Note: Dotted lines denote external connections. 
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LH0091 


Absolute Maximum Ratings 





Supply Voltage 

±22 V 





Input Voltage 

±1 5V peak 





Output Short Circuit Duration 

Continuous 





Operating Temperature Range 

tmin tmax 



' 


LH0091 

-55°C 125° C 





LH0091C 

-25°C 85°C 





Storage Temperature Range 






LH0091 

— 65°C to +1 50° C 





LH0091C 

-25° C to +85°C 





Lead Temperature (Soldering, 10 seconds) 300°C 





Electrical Characteristics v s =±i5v, t a =25°c unless otherwise notes 




/I 

Transfer Function = Eq(DC) = / — 

/g e IN 2 Wdt 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

ACCURACY (See Definition of Terms) 

Total Unadjusted Error 

50 mVrms < V||\j < 7Vrms (Figure 1) 


20, ±0.5 

40, ±1.0 

mV, % 

Total Adjusted Error 

50 mVrms < Vj|\| < 7Vrms (Figure 3) 


0.5, ±0.05 

1, ±0.2 

mV, % 

Total Unadjusted Error vs Temperature 

-25°C<T A < +70°C 


0.25, ±0.02% 


mV, %/°C 

Total Unadjusted Error vs Supply Voltage 



1 


mV/V 

AC PERFORMANCE 

Frequency for Specified Adjusted Error 

Input = 7Vrms, Sinewave (Figure 3) 

30 

70 


kHz 


Input = 0.7Vrms, Sinewave (Figure 3) 


40 


kHz 


Input = 0.1 Vrms, Sinewave (Figure 3) 


20 


kHz 

Frequency for 1% Additional Error 

Input = 7Vrms, Sinewave (Figure 3) 

100 

200 


kHz 


Input = Q.7Vrms, Sinewave (Figure 3) 


75 


kHz 


Input = 0.1 Vrms, Sinewave (Figure 3) 


50 


kHz 

Bandwidth (3 dB) 

Input = 7Vrms, Sinewave (Figure 3) 


2 


MHz 


Input = 0.7 Vrms, Sinewave (Figure 3} 


1.5 


MHz 


Input = 0. 1 Vrms, Sinewave (Figure 3) ' 


0.8 

. 

MHz 

Crest Factor 

Rated Adjusted Accuracy Using the High 
Crest Factor Circuit (Figure 5) 

5 

10 



INPUT CHARACTERISTICS 

Input Voltage Range 

For Rated Performance 

±0.05 


±11 

Vpeak 

. Input Impedance 


4.5 

5 


kST 

OUTPUT CHARACTERISTICS 

Rated Output Voltage 

R L >2.5kft 

10 



V 

Output Short Circuit Current 



22 


mA 

Output Impedance 



1 


n 


Operating Range 


±5 


±20 

V 

Quiescent Current 

Vs = ±15V 


14 

18 

mA 
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Op Amp Electrical Characteristics Vs =±15V, Ta = 25°C unless otherwise notes 


PARAMETER 

CONDITIONS 

MIN 

TYP 


UNITS 

Vos 

Input Offset Voltage 

RS<10k£2 


1.0 

10 

mV 

•os 

Input Offset Current 



4.0 

200 

nA 

«B 

Input Bias Current 



30 

500 

nA 

Rin 

Input Resistance 



2.5 


MI2 

AOL 

Large Signal Voltage Gain 

VQUT = ±10V, Rj_ > 2 k£2 

15 

160 


V/mV 

Vo 

Output Voltage Swing 

RL= 10 kf2 

±10 

±13 


V 

V| 

Input Voltage Range 


±10 



V 

CMRR 

Common-Mode Rejection Ratio 

Rs<iokn 


90 


dB 

PSRR 

Supply Voltage Rejection Ratio 

Rs< io kn 


96 


dB 

'SC 

Output Short-Circuit Current 



25 


mA 

S r 

Slew Rate (Unity Gain) 



0.5 


V/ms 

BW 

Small Signal Bandwidth 



1.0 


MHz 


Typical Performance Characteristics 



Ik 10k 100k 1M 

FREQUENCY (Hz) 



Error vs Crest Factor 


10 100 Ik 10k 

FREQUENCY (Hz) 



CREST FACTOR 


Typical Applications (All applications require power supply by-pass capacitors.) 


e 0UT 



C|=xT ^ ImF; frequency > 1 kHz 
FIGURE 1. LH0091 Basic Connection (No Trim) 
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LH0091 


Typical Applications <cont-d) 


R T * 240 K 

CEXT> IpF.f > 1 kHz 


Note. The easy trim procedure is used for ac coupled input 
signals. It involves two trims and can achieve accuracies of 2 mV 
offset ±0.1% reading. 


1 16 115 114 1 1 3 112 111 110 1 9 


1. Apply 100 mV rms (sine wave) to input, adjust R3 until 
/the output reads 100 mVoc- 

2. Apply 5 V rms (sine wave) to input, adjust R4 until the 
output reads 5 Vqq. 

3. Repeat steps 1 and 2 until the desired initial accuracy is 
achieved. 


1 2 3 4 5 6 7 8 


FIGURE 2. LH0091 "Easy Trim" (For ac Inputs Only) 


R1 = dc symmetry balance 
R2 = Input offset 
R3 = Output offset 
R4 = Gain adjust 


1 16 115 114 113 12 111 llO 1 9 



Note. This procedure will give accuracies of 0.5 mV offset 

±0.05% reading for inputs from 0.05V peak to 10V peak. 

Procedure: 

1 . Apply 50 mVpQ to the input. Read and record the output. 

2. Apply —50 mVpQ to the input. Use R2 to adjust for an 
output of the same magnitude as in step 1 . 

3. Apply 50 mV to the input. Use R3 to adjust the output for 
50 mV. 

4. Apply -50 mV to input. Use R2 to adjust the output for 
50 mV. 

5. Apply ±10V alternately to the input. Adjust R1 until the 
output readings for both polarities are equal (not necessary 
that they be exactly 1 0 V) . 

6. Apply 10V to the input. Use R4 to adjust for 10V at the 
output. 

7. Repeat this procedure to obtain the desired accuracy. 


FIGURE 3. LH0091 Standard dc Trim Procedure 



Note. The additional op amp in the LH0091 may be used as £ 
low pass filter as shown in Figure 4. 



C2 R1 = R2 = 16k 


Cl =C2 = 1/zF 
f Q = 10 Hz 


FIGURE 4. Output Filter Connection Using the Internal Op Amp 
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Typical Applications (cont d) 


10k 



Note. When converting signals with a crest factor > 2, the 
LH0091 should be connected as shown. Note that this circuit 
utilizes a 20k resistor to drop the input current by a factor of 
five. The frequency response will correspond to a voltage which 
is 1/5 e||\j. 

Note that the extra op amp in the LH0091 may be used to 
build a gain of 5 amplifier to restore the output voltage. 


e IN 



Note. Response time of the dc output voltage is dominated 
by the RC time constant consisting of the total resistance 
between pins 9 and 10 and the external capacitor, C^x- 


FIGURE 5. High Crest Factor Circuit 


Definition of Terms 


True rms to dc Converter: A device which converts 
any signal (ac, dc, ac + dc) to the dc equivalent of the 
rms value. 

Error: is the amount by which the actual output differs 
from the theoretical value. Error is defined as a sum of a 
fixed term and a percent of reading term. The fixed 
term remains constant, regardless of input while the 
percent of reading term varies with the input. 

Total Unadjusted Error: The total error of the device 
without any external adjustments. 

Bandwidth: The frequency at which the output dc 
voltage drops to 0.707 of the dc value at low frequency. 


Frequency for Specified Error: The error at low fre- 
quency is governed by the size of the external averaging 
capacitor. At high frequencies, error is dependent on the 
frequency response of the internal circuitry. The fre- 
quency for specified error is the maximum input 
frequency for which the output will be within the 
specified error band (i.e., frequency for 1% error means 
the input frequency must be less than 200 kHz to 
rpaintain an output with an error of less than t% of the 
initial reading. 

Crest Factor: is the peak value of a waveform divided 
by the rms value of the same waveform. For high crest 
factor signals, the performance of the LH0091 can be 
improved by using the high crest factor connection. 
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LH0094 


National 

JtSi Semiconductor 


Industrial Blocks 


LH0094 Multifunction Converter 


General Description 

The LH0094 multifunction converter generates an output 
voltage per the transfer function: 


E 0 = Vy ( — J , 0.1 < m < 10, m continuously 


adjustable 


m is set by 2 resistors. 

Features 

■ Low cost 

■ Versatile 

■ High accuracy-0. 05% 

■ Wide supply range-±5V to ±22V 


■ Minimum component count 

■ Internal matched resistor pair for setting m = 2 and 
m = 0.5 

Applications 

■ Precision divider, multiplier 

■ Square root 

■ Square 

■ Trigonometric function generator 

■ Companding 

■ Linearization 

■ Control systems 

■ Log amp 


Block and Connection Diagrams 


Dual-ln-Line Package 

V3- V + V B V x A1- GND V A V z 
1 1 6 1 1 5 1 14 1 1 3 1 12 111 |l0 L 


: Hz| | — n ■ h 






Absolute Maximum Ratings 

Supply Voltage ±22 V 

Input Voltage ±22V 

Output Short-Circuit Duration Continuous 

Operating Temperature Range 

LH0094CD -25°C to +85°C 

LH0094D -55°C to +125°C 

Storage Temperature Range 

LH0094D -65°C to +150°C 

LH0094CD -55°C to f125°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics V s = ±15 V, T a = 25°C unless otherwise specified. Transfer function: E 0 = V y 
0.1 < m < 10; 0 V < V XJ V y , V z < 10 V 

V z m 

vT’ 

Parameter 

Conditions 

LH0094 

LH0094C 

Units 

Mln. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Accuracy 


V z V v , _ 








iviuiiipiy 

cq = vu.uo ^ v y ^ ju v, u.u i ^ v z ^5 iu vy 







% r.c. 

Untrimmed 

(Figure 2) 


0.25 

0.45 


0.45 

0.9 

(10V) 

External Trim 

(Figure 3) 


0.10 



0.1 


% F.S. 


vs. Temperature 


0.2 



0.2 


mV/°C 

Divide 

E 0 = 10V Z /V X 








Untrimmed 

(Figure 4) 0.5 < V x < 10; 0.01 < V z < 10) 


0.25 

0.45 


0.45 

0.9 

% F.S. 

- External Trim 

(Figure 5), (0.1 < V x < 10; 0.01 < V z < 10) 


0.10 



0.1 


% F.S. 


vs. Temperature 


0.2 



0.2 


mV/°C 

Square Root 

E o = 10VV z /10 








Untrimmed 

(Figure 8), (0.03 < V z < 10 


0.25 

0.45 


0.45 

0.9 

% F.S. 

External Trim 

(Figure 9), (0.01 < V z < 10 


0.15 



0.15 


% F.S. 

Square \ 

E 0 = 10 (V z /10) 2 <0.1 < V z «10) 








Untrimmed 

(Figure 6) 

0.5 

1.0 


1.0 

2.0 

% F.S. 


External Trim 

(Figure 7) 

0.15 



0.15 


% F.S. 


Low Level 

E o = '/i0^; 5.0mV < V z « 10V (Figure 10) 


0.05 



0.05 


% F.S. 

Square Root 









Exponential 

m = 0.2, E o = 10 (V z /10)2 (Figure 11), (0.1 < V z < 10) 


0.05 



0.08 


% F.S. 

Circuits 

m = 5.0, E 0 = 10 (V z /10)5 (Figure 11), (1.0 < V z < 10) 


0.05 



0.08 


% F.S. 

Output Offset 


V x = 10 V, v y = v z = o 


2.0 

5.0 


5.0 

10 

mV 

AC Characteristics 

3dB Bandwidth 

m = 1.0, V x = 10 V, V y = 0.1 V rms 


10 



10 


kHz 

Noise 

10 Hz to 1.0 kHz, m = 1.0, V y = V z = 0V 









v x = 10 V 


100 



100 


fiV/rms 


> 

o 

II 

> x 


300 



300 


^V/rms 

Exponents 

m 


o 

C\l 

d 

0.1 to 


0.2 to 

0.1 to 





5.0 

10 


5.0 

10 



Input Characteristics 

Input Voltage 

(For Rated Performance) 

0 


10 

0 


10 

V 

Input Impedance 

(All Inputs) 

98 ’ 

100 


98 

100 


kQ 

Output Characteristics 

Output Swing 

(R|_ < 10 k) 

10 

12 


10 

12 


V 

Output Impedance 



1.0 



1.0 


Q 

Supply Current 

(V s = ±15 V), Note 1 


3.0 

5.0 


3.0 

5.0 

mA 
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LH0094 


Applications Information 


GENERAL INFORMATION 


Power supply bypass capacitors (0.1 juF) are recom- 
mended for all applications. 

The LH0094 series is designed for positive input signals 
only. However, negative input up to the supply voltage 
will not damage the device. 

A clamp diode (Figure 1) is recommended for those 
applications in which the inputs may be subjected to 
open circuit or negative input signals. 

For basic applications (multiply, divide, square, square 
root) it is possible to use the device without any exter- 
nal adjustments or components. Two matched resistors 
are provided internally to set m for square or square 
root. 


(b) m < 1 



m = R1 + R2 ~ 20012 

R1 + R2 


(c) m > 1 



When using external resistors to set m, such resistors 
should be as close to the device as possible. 


ACCURACY (ERROR) 


SELECTION OF RESISTORS TO SET m 


The accuracy of the LH0094 is specified for both exter- 
nally adjusted and unadjusted cases. 


Internal Matched Resistors 


Ra and Rr are matched internal resistors. They are 
100JT2 ±10%, but matched to 0.1%. 


(a) m = 2* 


8 r B 


I,. u 

I 7 _ R A I 6 


y-'w vh>-'vw--o 


(b) m = 0.5* 



Although it is customary to specify the errors in percent 
of full-scale (10V), it is seen from the typical perfor- 
mance curves that the actual errors are in percent of 
reading. Thus, the specified errors are overly conserva- 
tive for small input voltages. An example of this is the 
LH0094 used in the multiplication mode. The specified 
typical error is 0.25% of full-scale (25 mV). As seen 
from the curve, the unadjusted error is « 25 mV at 10V 
input, but the error is less than 10 mV for inputs up to 
IV. Note also that if either the multiolicand or the 
multiplier is at less than 10V, (5V for example) the 
unadjusted error is less. Thus, the errors specified are at 
full-scale— the worst case. 1 

The LH0094 is designed such that the user is able 
to externally adjust the gain and offset of the device- 
thus trim out all of the errors of conversion. In most 
applications, the gain adjustment is the only external 
trim needed for super accuracy— except in division 
mode, where a denominator offset adjust is needed 
for small denominator voltages. 

EXPONENTS 


External Resistors 

The exponent is set by 2 external resistors or it may 
be continuously varied by a single trim pot. (R1 + 
R2 < 500ft. 

(a) m = 1 

in — in — i 3 


The LH0094 is capable of performing roots to 0.1 and 
powers up to 10. However, care should be taken when 
applying these exponents— otherwise, results may. be 
misinterpreted. For example, consider the 1/1 0th 
power of a number: i.e., 0.001 raised to 0.1 power is 
0.5011; 0.1 raised to the 0.1 power is 0.7943; and 10 
raised to the 0.1 power is 1.2589. Thus, it is seen that 
while the input has changed 4 decades, the output has 
only changed a little more than a factor of 2. It is also 
seen that with as little as 1 mV of offset, the output will 
also be greater than zero with zero input. 
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Applications Information (Continued) 

1. CLAMP DIODE CONNECTION 





0.1 < m < 10 


Note. This clamp diode con- 
nection is- recommended for 
those applications in which 
the inputs may be subject to 
open circuit or negative signals. 


2. MULTIPLY 




FIGURE 2a. LH0094 Used to Multiply (No External Adjustment) 


FIGURE 2b. Typical Performance of 
LH0094 in Multiply Mode Without 
External Adjustment 


D1 

1 N914 
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LH0094 


Applications Information (Continued) 


3. DIVIDE di 

‘ 1N914 



FIGURE 4a. LH0094 Used to Divide (No External Adjustment) 



Q 0.1 1 10 

V z (V) 

FIGURE 4b. Typical Performance, Divide Mode, 
Without External Adjustments 


Trim Procedures 

Apply 10V to V y , 0.1V to V x and V z 
Adjust R3 until E 0 = 10.000V. 

Apply 10.000V to all inputs. . 

Adjust R2 until E 0 = 10.000V 

Repeat procedure. 



V” 

R3 < ^ 




10k O" 


”3 

v + 

Vx , 

JR4 


9 

? < 

>10M 


JbJ 

14 M 

LlL- 

ii 


DI 

1N914 




FIGURE 5. Precision Divider (0.05% Typ) 




0123456789 10 
V Z (V) 


FIGURE 6a. Basic Connection of LH0094 (m = 2) without 
External Adjustment Using Internal Resistors to Set m 


FIGURE 6b. Squaring Mode without 
External Adjustment 
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FIGURE 8a. Basic Connection of LH0094 (m = 0.5) FIGURE 8b. Typical Performance Curve Square Root 

without External Adjustment Using Internal Resistors No External Adjustment 

to Set m 


1N914 [*"" H 


1 


Q 


1 15 14 13 1 12 

A 


A3- V + V x A1- GND V z 

LH0094 ^ K— \ 

<Ra Rb< 

Eq Vy A4- V- < < 

h 1 2 1 3 1 4 1 5 6 7 Tb 


FIGURE 9. Precision Square Rooter (0.15% Typ) 
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Trim Procedure 

Apply 10V to all inputs. 

Adjust R2 until E 0 = 10.000V 







Applications Information (Continued) 

6. LOW LEVEL SQUARE ROOT 



FIGURE 10. 3-Decade Precision Square Root Circuit Using the LH0D94 with m = 1 


Typical Applications 




For m = 0.2 For m = 5 



m = — — — ; Choose R1 = 200ft m = ; Choose R2 = 50ft 

R1 + R2 ’ R2 = 50ft R2 R1 = 200ft 


/ 


FIGURE 11. Precision Exponentiator (m = 0.2 to 5) 


>2 



Typical Applications (Continued) 

(m = 1) 



Note. The LH0094 may be used to generate a voltage equivalent to: 
V0= >/Vl2 + V2 2 
Vl2 

VO = V2 + 

V0 + V2 

VO 2 + VO V2 = V2 VO + V2 2 + VI 2 
V0 2 = V1 2 + V2 2 

V0= Vvi 2 + V2 2 V1,V2 0-*10V 

R * 10k 

National Semiconductor resistor array RA08— 10k is recommended 

FIGURE 12. Vector Magnitude Function 


(m = 1) 

j A 


(m = 1) 

TjT 

> & l: 

o 

l( 

o 

UJ 

wJ 



VT 

— Vy 

LH0094 

- v z v x 

LH0094 

Vx 

v ap O- 


Note. The LH0094 may be used in direct measurement of gas flow, 
c. u 

Flow = k / 

V T 

"■fiW 

P = Absolute pressure 
T = Absolute temperature 
AP = Pressure drop 

FIGURE 13. Mass Gas Flow Circuit 
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LH0094 


Typical Applications (Continued) 




Note. The LH0094 may also be used to generate the Log of a 
ratio of 2 voltages. The output is taken from pin 14 of the 
LH0094 for the Log application. 


e LOG = 



where K1 = 


R1 + R2 
R2 



R1 = 15.9 R2 
• R2«400n 

R2 must be a thermistor with a tempgo of * 0.33%/°C to 
be compensated over temperature. 


FIGURE 14. Log Amp Application 
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LM380 Audio Power Amplifier 10-22 

LM381/LM381 A Low Noise Dual Preamplifier 10-26 

LM382 Low Noise Dual Preamplifier 10-29 
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Audio/ Radio Selection Guide 


AM RF/IF/DETECTOR 



| Application 

Package 

Voltage 

Input 

Overall 

Signal to 

Notes 


Portable 

Home 

Auto 

Range 

Sensitivity 

AM THD 

Noise 

LM1866 

• 

• 

• 

N20 

3V-15V 

9/tV 


50 dB 

Also FM 

LM1868 

• 

• 


N20 

4.5V-15V 

12 M V 


50 dB 

Also FM, audio 

LM3820 

• 

• 

• 

N14 

4.5V-16V 

35 fN 



External detector 


AM STEREO DECODER 


mam 

! Application 

Package 

Voltage 

Separation 

^ ' . V 

Signal to 

Notes 

m 

Portable 

Home 

Auto 

Range 

Noise 



• 

9 

N20 

8V-18V 

30 dB 

HI 

55 dB 



Note: Availability of the LM1981 in production quantities is dependent upon FCC system selection. 


FM IF/DETECTOR 



| Application i 

Package 

Voltage 

Range 

Input 

Sensitivity 

Signal to 
Noise 

THD 

Mute 

Control 


AFC 

Meter 

Drive 

Portable 

Home 

Auto 

LM1865 


• 

• 

N20 

7V-16V 


84 dB 

0.15% 

• 

• 

• 

• 

LM1866 

• 

• 

• 


3V-15V 


76 dB 

0.5% 

• 


• 

• 

LM1868 

• 

• 



4.5V-15V 

15 /tV 

64 dB 

1.1% 





LM3011 

• 

9 


hsbh 

6V-15V 








LM3075 

• 

9 

• 


8.5V-12.5V 

1091 


mu 





LM3089 


9 

• 

N16 

8V-16V 

■UH 

70 dB 


• 

• 

• 

• 

LM3189 


9 

• 

N16 

8V-16V 

12 /iV 

80 dB 

0.5% 

© 

e 

• 

o 

TBA120 

• 

9 

• 

N14 

6V-18V. 

30 


0.5% 






FM STEREO DECODER 



Application 

Package 

Voltage 

Range 

THD 

Channel 

Separation 

Blend 


Lamp 

Driver 

Output 

Buffer 

ARI 

Interface 

Rejection 

Portable 

Home ' 

Auto 

LM1310 


© 


N14 

10V-18V 

0.3% 

45 dB 



• 



LM1800 


• 


msDs 

MM 

ME1 

moms 



• 

9 


LM1870 

9 

• 

• 

USB 

7V-15V 


hi 

• 

• 

• 

9 


LM4500A 

9 

• 

• 

| N16 

8V-16V 

009 

40 dB 

• 


• 

9 

• 


PREAMPLIFIERS 



Application 

Package 

Voltage 

Equivalent 

THD 

PSR 

Input 

Notes 


Portable 

Home 

Auto 

Range 

Input Noise 

Coupling 

LM381 

• 

• 


N14 • 

9V-40V 

0.5 mV 

0.1% 

120 dB 

AC 

Stereo 

LM382 

• 

• 

• 

N14 

9V-40V 

0.8 mV 

0.1% 

120 dB 

AC 

Stereo 

LM387 

• 

• 

• 


9V-30V 

0.65 mV 

0.1% 

110 dB 

AC 

Stereo 



• 



10V-30V 

0.8 mV 



AC 

Stereo 


• 

• 

o 

N20 

3.5V-18V 

0.85 mV 



AC 

Tape system 

LM1837 

• 

• 

® 

N18 

4V-18V 

0.6 MVt 

0.03% 

105 dB 

DC 

Autoreverse 

LM1897 

• 

• 

o 

N16 

4V-18V 

0.6 MVt 

0.03% 

105 dB 

DC 

Few externals 


. tcCIR/ARM in DIN circuit referred to gain at 1 kHz. 


‘Note that all values shown are typical. Please refer to data sheets for test conditions. 
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AUDIO CONTROLS 



| Application 

Package 

Voltage 

Volume 

Signal to 

THD 

Separation 

Notes 


Portable 

Home 

Auto 

Range 

Control Range 

Noise 

LM1035 

• 

• 

• 

N20 

8V-18V 

80 dB 

80 dB 

0.05% 

70 dB 

Dual DC 

tone/volume/balance 

LM1037 

• 

• 

• 

N18 

5V-30V 


100 dB 

0.04% 

100 dB 

DC audio switch 

LM1038 

• 

• 

• 

N18 

5V-30V 


100 dB 

0.04% 

100 dB 

BCD input 

LM 13600 
LM 13700 

• 

• 

• 

N16 

±2V-± 18V 



0.5% 

100 dB 

Transconductance 

amplifiers 


NOISE REDUCTION 




LM378 







LM391 


LM1868 












‘Note that all values shown are typical. Please refer to data sheets for test conditions. 
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Car Stereo 
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NR421 

HR431 

RF 

MIXER 


OSC 


NR431 

- \ — 

— 


RF IF DETECTOR 


10-7 


Audio/Radio Selection Guide 







































Definition of Terms 



National 

Semiconductor 


Audio/Radio Circuits 


Definition of Terms 

AGC dc Output Shift: The shift of the quiescent 1C 
output voltage of the AGC section for a given change in ' 
AGC central voltage. 

AGC Figure of Merit (AGC Range): The widest possible 
range of input signal level required to make the output 
drop by a specified amount from the specified maximum 
output level. 

AGC Input Current: The current required to bias the 
central voltage input of the AGC section. 

AM Rejection Ratio: The ratio of the recovered audio 
output produced by a desired FM signal of specified 
level and deviation to the recovered audio output pro- 
duced by an unwanted AM signal of specified amplitude 
and modulating index. 

Channel Separation: The level of output signal of an 
undriven amplifier with respect to the output level of 
an adjacent driven amplifier. 

Detection Bandwidth: That frequency range about the 
free running frequency of the tone decoder/phase locked 
loop where a signal above a specified level will cause a 
detected signal condition at the output. 

Detection Bandwidth Skew: The measure of how well 
the detection bandwidth is centered about the free 
running frequency. It is equal to the maximum detection 
bandwidth frequency plus the minimum detection band- 
width frequency minus twice the free running frequency. 

Hold In Range: That range of frequencies about the 
free running frequency for which the phase locked loop 
will stay in lock if initially starting out in lock. 

Input Bias Current: The average of the two input 
currents. 

Input Resistance: The ratio of the change in input 
voltage to the change in input current on either input 
with the other grounded. 

Input Sensitivity: The minimum level of input signal 
at a specified frequency required to produce a specified 
signal-to-noise ratio at the recovered audio output. 

Input Voltage Range: The range of voltages on the 
input terminals for which the amplifier operates within 
specifications. 


Large-Signal Voltage Gain: The ratio of the output 
voltage swing to the change in input voltage required to 
drive the output from zero to this voltage. 

Limiting Threshold: In FM the input signal level which 
causes the recovered audio output level to drop 3 dB 
from the output level with a specified large signal input. 

Lock In Range: That range of frequencies about the 
free running frequency for which the phase locked 
loop will come into lock if initially starting out of lock. 

Maximum Sweep Rate: The maximum rate that the 
VCO may be made to vary its oscillating frequency over 
its Sweep Range. 

Output Resistance: The ratio of the change in output 
voltage to the change in output current with the output 
around zero. 

Output Voltage Swing: The peak output voltage swing, 
referred to zero, that can be obtained without clipping. 

Phase Detector Sensitivity: The change in the output 
voltage of the phase detector for a given change in phase 
between the two input signals to the phase detector. 

Power Bandwidth: That frequency at which the voltage 
gain reduces to 1/\/2 with respect to the flat band 
voltage gain specified for a given load and output power. 

Power Supply Rejection: The ratio of the change in 
input offset voltage to the change in power supply 
voltages producing it. 

Slew Rate: The internally limited rate of change in 
output voltage with a large amplitude step function 
applied to the input. 

Supply Current: The current required from the power 
supply to operate the amplifier with no load and the 
output at zero. 

Sweep Range: That ratio of maximum oscillating 
frequency to minimum operating frequency produced 
by varying the central voltage of the VCO from its 
maximum value to its minimum value with fixed values 
of timing resistance and capacitance. 

VCO Sensitivity: The change in operating frequency 
for a given change in VCO central voltage. 
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5JI National 
221 Semiconductor 

LM377 Dual 2 Watt Audio Amplifier 

General Description 


Audio/Radio Circuits 


The LM377 is a monolithic dual power amplifier which 
offers high quality performance for stereo phonographs, 
tape players, recorders, and AM-FM stereo receivers, etc. 

The LM377 will deliver 2W/channel into 8 or 160 loads. 
The amplifier is designed to operate with a minimum of 
external components and contains an internal bias regu- 
lator to bias each amplifier. Device overload protection 
consists of both internal current limit and thermal 
shutdown. For more information, see AN-125. The 
LM377 is not recommended for new designs; see the 
LM1877 data sheet for an improved pin-for-pin re- 
placement to the LM377 in audio applications. 

FeaiuieS 

■ A vo typical 90 dB 

■ 2W per channel 

■ 70 dB ripple rejection 

■ 75 dB channel separation 

■ Internal stabilization 


■ Self centered biasing 

■ 3 M£2 input impedance 

■ 10-26V operation 

■ Internal current limiting 

■ Internal thermal protection 

Applications 

■ Multi-channel audio systems 

■ Tape recorders and players 

■ Movie projectors 

■ Automotive systems 

■ Stereo phonographs 

■ Bridge output stages 

■ AM-FM radio receivers 

■ Intercoms 

■ Servo amplifiers 

■ Instrument systems 


Schematic Diagram 



Connection Diagram 


Typical Applications 

Simple Stereo Amplifier 


Dual-In-Line Package 



Order Number LM377N 
See NS Package N14A 
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LM377 



Absolute Maximum Ratings 


Supply Voltage 

Input Voltage 

Operating Temperature 

Storage Temperature 

Junction Temperature 

Lead Temperature (Soldering, 10 seconds) 


26V 

0V - V SU pp LY 
0°C to +70°C 
-65°C to +150°C 
150°C 
300°C 


Electrical Characteristics 

V s = 20V, T tab = 25°C, R l = 8£2, A v ='50 (34 dB), unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Total Supply Current 

Pout = 0W 


15 

50 

mA 


Pout = 1.5W/Channel 


430 

500 

mA 

DC Output Level 



10 


V 

Supply Voltage 


10 


26 

V 

Output Power 

T.H.D. = < 5% 

2 

2.5 


w 

, T.H.D. 

Pout = 0.05W/Channel, f = 1 kHz 


0.25 


% 


Pqut = 1 W/Channel, f = 1 kHz 


0.07 

1 

% 


Pout = 2W/Channel, f = 1 kHz^ 


0.10 


% 

Offset Voltage 



15 


mV 

Input Bias Current 



100 


nA 

Input Impedance 


3 




Open Loop Gain 

R s = 0H 

66 

90 


dB 

Output Swing 



V s -6 


V P .p 

Channel Separation 

C F = 250/iF, f = 1 kHz 

50 

70 


dB 

Ripple Rejection 

f = 120 Hz, C F = 250/iF 

60 

70 


dB 

Current Limit 



1.5 


A 

Slew Rate 



1.4 


Wjus 

Equivalent Input Noise Voltage 

R s = 60012, 1 00 Hz — 10 kHz 


3 


jtiVrms 


Note 1 : For operation at ambient temperatures greater than 25°C the LM377 must be derated based on a maximum 150°C junction temperature 
using a thermal resistance which depends upon device mounting techniques. 

Note 2: Dissipation characteristics are shown for four mounting configurations. 

a. Infinite sink — 13.4° C/W 

b. P.C. board +V7 sink — 21° C/W. P.C. board is 2 1/2 square inches. Staver V7 sink is 0.02 inch thick copper and has a radiating surface 
area of 10 square inches. 

c. P.C. board only — 29° C/W. Device soldered to 2 1/2 square inch P.C. board. 

d. Free air- 58° C/W. 
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DEVICE DISSIPATION (W) DISTORTION (%) RELATIVE DC OUTPUT VOLTAGE (%) MAXIMUM DEVICE DISSIPATION (W) 


■ 


Typical Performance Characteristics 


Maximum Dissipation vs 
Ambient Temperature 


- INFINITE SINK 13 4°C/W 
PC BOARD 2TC/W 

1 “21/2 SO. IN PC BOARD 29”C/W 

FREE AIR 58°C/W 

0 10 20 30 40 SO GO 70 

T a - AMBIENT TEMPERATURE (°C) 


Open Loop Gain 



100 Ik 10k 100k 1M 

f- FREQUENCY (Hz) 


Supply Current vs 
Temperature 


B 25 

H- I 

5 20 Vs = 26V- 


10 20 30 40 50 60 

T a - AMBIENT TEMPERATURE (°C) 


DC Output Level vs 
Temperature 


Output Swing vs Vs 


Power Dissipation vs 
Power Output 



0 10 20 30 40 50 60 70 

T a - TEMPERATURE (°C) 



10 12 14 16 18 20 22 24 26 

V SUPPLY (V) 


— tTS^T.H.D. = 10% 

/I I 

* T.H.D. = 3% 


POWER OUTPUT (W/CHANNEL) 


Distortion vs Gain 

1 , . , , r- 

OUTPUT POWER = 0.5W 
09 FREQUENCY = 1 kHz “ 

0.8 — I L— I 1 — -I— - -J k 

R l = 8, V c = 18/1 


100 200 300 

GAIN (A v ) 


Dissipation and Efficiency 
vs Pqut 



"vT 

nr 1 


8S2, 

= 11 

8U 

c 
























30 

/ 

/ 





/ 


— 


— 

10 

— — — o 


Supply Current vs 
Output Power 


A v = 50, R l = 16J2, V s = 24V, f = 1 000 



OUTPUT POWER (W/CHANNEL) 


Dissipation and Efficiency 
vs Pqut 


POWER OUTPUT (W/CHANNEL) 


OUTPUT POWER (W/CHANNEL) 


Supply Current vs PoUT 

I V s = 20V, R L = 8SI, A v = 50 I 


OUTPUT POWER (W/CHANNEL) 


Channel Separation 


- V s = 20V. R l = 8U — | 

- A v = 50, C F = 250 /jF 4 


10 100 Ik 10k 

FREQUENCY (Hz) 
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POWER SUPPLY REJECTION (dB) 


Typical Performance Characteristics (Continued) 


Supply Rejection vs 
Frequency 


L V s = 20V, A v = 50 
C VALUES ARE RIPPLE FILTER 


Distortion vs Frequency 
- aJ = 250, V s = 18V. RL-Bn-l- 


Distortion vs Frequency 

F T-rnTTm — i 1 1 mm — m mm 
A v * 250, V s = 24V, R L = 16fi- 



■m 


mi 


1 


1 


nj 

i mu n 

0.05W jU 


I N El 


i 


i 


' ft] 

; 1W H 

2W I! 
111! 1 

Jill 


Distortion vs Frequency 


— 

-A 

r rr 

mm — 
50, R l 

rmrni — 

= 8«, y s 

mm 

18V 





. 



















MH 


















1JU 






""IF 






_ i]P° 






It 

- 



::: 


-M 

-■5 



3 




10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Distortion vs Frequency 


Distortion vs Frequency 


Distortion vs Frequency 

U v = 'ibb, v s = i8;'R L = 8nt_ | 


100 Ik 10k 100k 

FREQUENCY (Hz) 







LM378 



National 

Semiconductor 


Audio/ Radio Circuits 


LM378 Dual 4 Watt Audio Amplifier 


General Description 

The LM378 is a monolithic dual power amplifier which 
offers high quality performance for stereo phonographs, 
tape players, recorders, and AM-FM stereo receivers, etc. 

The LM378 will deliver 4W channel into 8 or 16£2 loads. 
The amplifier is designed to operate with a minimum of 
external components and contains an internal bias regu- 
lator to bias each amplifier. Device overload protection 
consists of both internal current limit and thermal 
shutdown. For more information see AN-125. 

Features 

■ A vo typical 90 dB 

■ 4W per channel 

■ 70 dB ripple rejection 

■ 75 dB channel separation 

■ Internal stabilization 


■ Self centered biasing 

■ 3 M£2 input impedance 

■ Internal current limiting 

■ Internal thermal protection 

Applications 

■ Multi-channel audio systems 

■ Tape recorders and players 

■ Movie projectors 

■ Automotive systems 

■ Stereo phonographs 

■ Bridge output stages 

■ AM-FM radio receivers 

■ Intercoms 

■ Servo amplifiers 

■ Instrument systems 


Schematic Diagram 



Connection Diagram 


Dual-In-Line Package 



Order Number LM378N ° 
See NS Package N14A 


Typical Applications 

Simple Stereo Amplifier 
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Absolute Maximum Ratings 

Supply Voltage 

Input Voltage 

Operating Temperature 

Storage Temperature 

Junction Temperature 

Lead Temperature (Soldering, 10 seconds) 


Electrical Characteristics 

V s = 24V, T tab = 25°C, R l = 812, A v = 50 (34 dB), unless otherwise specified. 


35V 

ov - V SU p PLY 

0°C to +70°C 
-65°C to +150°C 
150°C 
300°C 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Total Supply Current 

Pout = 0W 


15 

50 

mA 


Pout = 1.5W/Channel 


430 

500 

mA 

DC Output Level 



12 


V 

9nnnl\/ Vnltanp 


10 



V 

Output Power 

T.H.D. =< 5%, R l = 812 

4 

5 


W 


T.H.D. = < 5%, R L = 1612 

4 

5 


w* 

T.H.D. 

Pout = 0.05W/Channel, f = 1 kHz 


0.25 

, 

% 


p out = IW/Channel, f = 1 kHz 


0.07 

1 

% 


Pout 2W/Channel, f = 1 kHz 


0.10 


% 

Offset Voltage 



15 

| 

mV 

Input Bias Current 



100 


nA 

Input Impedance 


3 



M12 

Open Loop Gain 

R s = 012 

66 

90 


dB 

Channel Separation 

C F = 250juF, f = 1 kHz 

50 

70 


dB 

Ripple Rejection 

f= 120 Hz, C F = 250pF 

60 

70 


dB 

Current Limit 



1.5 


A 

Slew Rate 



1.4 


V//;s 

Equivalent Input Noise Voltage 

R s = 60012, 100 Hz- 10 kHz 


3 


juVrms 


Note 1 : For operation at ambient temperatures greater than 25°C the LM378 must be derated based on a maximum 150°C junction temperature 
using a thermal resistance which depends upon device mounting techniques. 

Note 2: Dissipation characteristics are shown for four mounting configurations. 

a. Infinite sink — 13.4° C/W 

b. P.C. board +V7 sink — 21°C/W. P.C. board is 2 1/2 square inches. Staver V7 sink is 0.02 inch thick copper and has a radiating surface 
area of 10 square inches. 

c. P.C. board only — 29° C/W. Device soldered to 2 1/2 square inch P.C. board. 

d. Free air - 58° C/W. 

•Tested at V s * 30V. 


10 
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LM378 


Typical Performance Characteristics 


Maximum Dissipation vs 


Power Dissipation vs 


Ambient Temperature 


Open Loop Gain 


Power Output 



T a - AMBIENT TEMPERATURE <°C) 


f- FREQUENCY (Hz) 


POWER OUTPUT (W/CHANNEL) 


Supply Current vs 
Output Power 



0 1 2 3 4 5 


OUTPUT POWER (W/CHANNEL) 



II 


Supply Current vs 
Output Power 



0 1 2 3 4 5 

OUTPUT POWER (W/CHANNEL) 



z < 
O 0 c 



< I- 
Q. O 


Power Dissipation vs 
Power Output 



POWER OUTPUT (W/CHANNEL) 


Channel Separation 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 




0 100 200 300 400 500 

GAIN (A v ) 


Supply Rejection vs 
Frequency 



10 100 1000 10k 100k 



10 15 20 25 30 35 


FREQUENCY (Hz) 


V SUPPLY (V) 


10-16 




LM378 







LM379 



National 

Semiconductor 


Audio/ Radio Circuits 


LM379 Dual 6 Watt Audio Amplifier 


General Description 

The LM379 is a monolithic dual power amplifier which 
offers high quality performance for stereo phonographs, 
tape players, recorders, and AM-FM stereo receivers, etc.; 

The LM379 will deliver 6W/channel to an 8^ load. The 
amplifier is designed to operate with a minimum of 
external components and contains an internal bias regu- 
lator to bias each amplifier. Device overload protection 
consists of both internal current limit and thermal 
shutdown. For more information, see AN-125. 

Features 

■ A V o typical 90 dB 

■ 6W per channel 

■ 70 dB ripple rejection 

■ 75 dB channel separation 

■ Internal stabilization 


■ Self centered biasing 

■ 3 M£2 input impedance 

■ Internal current limiting 

■ Internal thermal protection 

Applications 

■ Multi-channel audio systems 

■ Tape recorders and players / 

■ Movie projectors 

■ Automotive systems 

■ Stereo phonographs 

■ Bridge output stages 

■ AM-FM radio receivers 

■ Intercoms 

■ Servo amplifiers 

■ Instrument systems 



Connection Diagram 


Dual-In-Line Power Package 



Order Number LM379S 
See NS Package S14A 


Typical Applications 

Simple Stereo Amplifier 
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Absolute Maximum Ratings 

Supply Voltage 

Input Voltage 

Operating Temperature 

Storage Temperature 

Junction Temperature 

Lead Temperature (Soldering, 10 seconds) 


35V 

ov - V SU p PLY 
0°C to +70°C 
-65°C to +1 50°C 
1 50° C 
300° C 


Electrical Characteristics 

V s = 28V, T tab = 25°C, R l = 8H, A v = 50 (34 dB), unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Total Supply Current 

Pout = OW 


15 

65 

mA 


P out = 1.5W/Channel 


430 


mA 

DC Output Level 



14 


V 

Supply Voltage 


10 



V 

Output Power 

T.H.D. = 5% 


6 


W 


T.H.D. = 10% 

6 

7 


w 

T.H.D. 

Pout = 1 W/Channel, f = 1 kHz 


0.07 

1 

% 


P OUT = 4W/Channel, f = 1 kHz 


0.2 


% 

Offset Voltage 



15 


mV 

Input Bias Current 



100 


nA 

Input Impedance 


3 



Mft 

Open Loop Gain 

r s = on 

66 

90 


dB 

Channel Separation 

C F = 250aiF, f = 1 kHz 

50 

70 


dB 

Ripple Rejection 

f= 120 Hz, C F = 250juF 


70 


dB 

Current Limit 



1.5 


A 

Slew Rate 



1.4 


V/ms 

Equivalent Input Noise Voltage 

R s = 60012, 100 Hz- 10 kHz 


3 


juVrms 


Note 1: For operation at ambient temperatures greater than 25°C the LM379 must be derated based on a maximum 150°C junction temperature 
using a thermal resistance which depends upon device mounting techniques. In most applications it is advisable to heat sink to the chassis. See curves. 


Typical Performance Characteristics 


Maximum Dissipation vs 
Ambient Temperature 



0 10 20 30 40 50 60 70 80 



100 Ik 10k 100k 1M 


Power Dissipation vs 
Power Output 


C3 




0 1 2 3 4 5 6 7 


T a - AMBIENT TEMPERATURE (°C) 


f- FREQUENCY (Hz) 


POWER OUTPUT (W/CHANNEL) 


10 
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LM379 


Typical Performance Characteristics (continued) 


Supply Current vs 
Output Power 



0 1 2 3 4 5 6 7 

OUTPUT POWER (W/CHANNEL) 



0 1 2 3 4 5 6 

OUTPUT POWER (W/CHANNEL) 



o * 


Power Dissipation vs 
Power Output 



POWER OUTPUT (W/CHANNEL) 


Supply Rejection vs 
Frequency 


I 


IT 


lUJ) 

T 

IT 

II 

Tml 

T 


n 

2 

iTft 

OftF 

w 





II 

Baa 

nil 

Jf i 





11 

111 

III 

mil 

mi 

llll 

111 

i 

m 

III 

III 

in 

mi 

III 

llll 


llll 

III 

III 

in 

mi 

III 

llll 

.V 

c 

mr 

s° 2 

VAL 

LLLL 

nun 

0V, A 
UES 

mu 

NT 
/ = 

VRE 

LLi 

wn 

>0 

RIPPL 

Him 

rm 

EFI 

LLLL 

IT 

.TER 
HID 

III 

■ 


10 100 1000 10k 100k 

FREQUENCY (Hz) 



10 100 Ik 10k 100k 
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FREQUENCY (Hz) 


FREQUENCY (Hz) 



10 100 Ik 10k 100k 
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0 100 200 300 400 500 

GAIN (A v ) 



10 15 '20 25 30 35 

V SUPPLY (V) 


Typical Applications (Continued) 


Two-Phase Motor Drive 



12W Bridge Amplifier 


01uF 
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LM380 


National 

mli Semiconductor 

LM380 Audio Power Amplifier 

General Description 

The LM380 is a power audio amplifier for con- A 

sumer application. In order to hold system cost to v 

a minimum, gain is internally fixed at 34 dB. A ir 

unique input stage allows inputs to be ground 
referenced. The output is automatically self F 

centering to one half the supply voltage. 

The output is short circuit proof with internal 
thermal limiting. The package outline is standard 
dual-in-line. A copper lead frame is used with the 
center three pins on either side comprising a heat 
sink. This makes the device easy to use in standard 
p-c layout. 

Uses include simple phonograph amplifiers, inter- 
coms, line drivers, teaching machine outputs, 
alarms, ultrasonic drivers, TV, sound systems, AM- 
FM radio, small servo drivers, power converters, etc. ■ 


Audio/ Radio Circuits 


A selected part for more power on higher supply 
voltages is available as the LM384. For more 
information see AN-69. 

Features 

■ Wide supply voltage range 

■ Low quiescent power drain 

■ Voltage gain fixed at 50 

■ High peak current capability 

■ Input referenced to GND 

■ High input impedance 

■ Low distortion 

■ Quiescent output voltage is at one-half of the 
supply voltage 

■ Standard dual-in-line package 


Connection Diagrams (Dual-In-Line Packages, Top View) 


NON INVERTING INPUT 2 



uruer mumper lmjouim 
See NS Package N14A 


NON INVERTING INPUT 2 



Order Number LM380N-8 
See NS Package N08B 


Block and Schematic Diagrams 
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PARAMETER 


Output Power 
Gain 

Output Voltage Swing 
Input Resistance 
Total Harmonic Distortion 
Power Supply Rejection Ratio 
Supply Voltage 
Bandwidth 

Quiescent Supply Current 
Quiescent Output Voltage 
Bias Current 
Short Circuit Current 


SYMBOL 


POUT(RMS) 

Ax/ 


CONDITIONS 


(Notes 3, 4) R L = 8S2, THD = 3% 



Note 1: Vg = 18V and T^ = 25°C unless otherwise specified. 

Note 2: Rejection ratio referred to the output with CbvpaSS “ 5 nf. 

Note 3: With device Pins 3, 4, 5, 10, 11, 12 soldered into a 1 /16" epoxy glass board with 2 ounce copper foil with a minimum 
surface of 6 square inches. 

Note 4: If oscillation exists under some load conditions, add 2.712 and 0.1 jzfd series network from Pin 8 to Gnd. 

Note 5: C0YPASS = 0 -47 /xfd on Pin 1 . 

Note 6: The maximum junction temperature of the LM380 is 150°C. 

Note 7: The package is to be derated at 12°C/W junction to heat sink pins. 

Note 8: Can select for 8V operation. 


Heat Sink Dimensions 

T 

vr 



— — ! o.rs 1— — 


COPPER WINGS 
2 REQUIRED 
SOLDERED TO 
PINS 3, 4, 5, 

10, 11. 12 
THICKNESS 0.04 
INCHES 
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LM380 


Typical Performance Characteristics 


Device Dissipation vs Ambient Temperature 
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Device Dissipation vs Output 


Power — 4ft Load 



Power - 8ft Load 
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Power Supply Current vs 
Supply Voltage 
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Device Dissipation vs Output 
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Device Dissipation vs Output 
Power — 16ft Load 
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LM381/LM381A 


3 


National 
Semiconductor 
LM381/LM381A Low Noise Dual 


Audio/ Radio Circuits 
Preamplifier 


General Description 

The LM381/LM381A is a dual preamplifier for 
the amplication of low level signals in applications 
requiring optimum noise performance. Each of the 
two amplifiers is completely independent, with 
individual internal power supply decoupler- 
regulator, providing 120 dB supply rejection and 
60 dB channel separation. Other outstanding 
features include high gain (112 dB), large output 
voltage swing (V cc -2V) p-p, and wide power 
bandwidth (75 kHz, 20V P _ P ). The LM381/LM381 A 
operates from a single supply across the wide range 


applications. For additional information see AN- 
64, AN-104. 

Features 

■ Low Noise — .5 /uV total input noise 

■ High Gain — 1 12 dB open loop 

■ Single Supply Operation 

■ Wide supply range 9-40V 

■ Power supply rejection 120 dB 


of 9 to 40V. 

Either differential input or single ended input 
configurations may be selected. The amplifier 
is internally compensated with the provision for 
additional external compensation for narrow band 


■ Large output voltage swing (V^c -2V) p . p 

■ Wide bandwidth 1 5 MHz unity gain 

■ Power bandwidth 75 kHz, 20 V p _ p 

■ ' Internally compensated 

■ Short circuit protected 


Schematic and Connection Diagrams 



Typical Applications 



Typical Tape Playback Amplifier 



Dual-In-Line Package 



Order Number LM381N or LM381AN 
See NS Package N14A 


30V 



Typical Magnetic Phono Preamp 
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Absolute Maximum Ratings 






Supply Voltage 

Power Dissipation (Note 1) 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 

+40V 

715 mW 

0°C to 70° C 
-65°C to +150°C 

300°C 



Electrical Characteristics t a = 25 °c, = 

14V, unless otherwise stated. 


PARAMETER 

CONDITIONS 

' 

MIN 

TYP 

MAX 

UNITS 

Voltage Gain 

Open Loop (Differential Input), f = 100 Hz 



160,000 


v/v 


Open Loop (Single Ended), f = 100 Hz 



320,000 


v/v 

Supply Current 

V cc 9to 40V, R l = °° 





10 


mA 

Input Resistance 









(Positive Input) 






100 


k£2 

(Negative Input) 






200 


k£2 

Input Current 









(Negative Input) 






0.5 


ma 

Output Resistance 

Open Loop 





150 


n 

Output Current 

Source 





8 


mA 


Sink 





2 


mA 

Output Voltage Swing 

Peak-to-Peak 





Vcc ~ 2 


V 

Unity Gain Bandwidth 






15 


MHz 

Power Bandwidth 

20 V p . p (V cc = 24V) 





75 


kHz 

Maximum Input Voltage 

Linear Operation 






300 

mVrms 

Supply Rejection Ratio 

f = 1 kHz 





120 


dB 

Channel Separation 

f = 1 kHz 





60 


dB 

Total Harmonic Distortion 

60 dB Gain, f = 1 kHz 





0.1 


% 

Total Equivalent Input 

Noise 

LM381A 

R s = 60012, 10 - 10,000 Hz (Single Ended Input, 
Flat Gain Circuit, A v = 1000) 


0.5 

0.7 

jiiVrms 

LM381 







0.5 

1.0 

^iVrms 

Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction 
temperature and a thermal resistance of 1 75°C/W junction to ambient. 

Typical Applications (Continued) 







(1,14) 

0.1,F-p 

Inf 

~ IlJA 

24V 

N. (7.6) 

LM381 

0 




V|NW 1 1+ : 

A v * 10 


100k 







vw 












Ultra-Low Distortion Amplifier 
(A V = 10, THD < 0.05%, V 0UT = 3 V RMS ) 
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LM381/LM381A 




LM381/LM381A 


Typical Performance Characteristics 


Large Signal Frequency 
Response 


v cc v* ice 


P-P Output Voltage Swing vs 

Vcc 


V cc c 40V, A v 3 1000 
<1% DISTORTION 


1 kHz 10 kHz 100 kHz 1M 10M 100M 

FREQUENCY (Hz) 

0 5 10 IS 20 25 30 36 40 

SUPPLY VOLTAGE (V) 

0 10 20 30 

SUPPLY VOLTAGE (V) 

% Distortion 

Channel Separation 

PSRR vs Frequency 


10 100 Ik 10k 100k 

FREQUENCY (Hz) 

10 100 1 kHz 10 kHz 100 kHz 1 MHz 

FREQUENCY (Hz) 

10 100 Ik 10k 100k 1M 10M 

FREQUENCY (Hz) 

Gain and Phase Response 

Noise Voltage vs Frequency 

Noise Current vs Frequency 




BSHIH 


NOU: R 3 = BQk ; 

! MODE-SINGLE ENDED 



■111 
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^ National 
Jut Semiconductor 


Audio/Radio Circuits 


LM382 Low Noise Dual Preamplifier 

General Description 


The LM382 is a dual preamplifier for the ampli- 
cation of low level signals in applications requir- 
ing optimum noise performance. Each of the two 
amplifiers is completely independent, with indivi- 
dual internal power supply decoupler-regulator, 
providing 120 dB supply rejection and 60 dB chan- 
nel separation. Other outstanding features include 
high gain (100 dB), and wide power bandwidth 
(75 kHz, 20 Vp-p). The LM382 operates from a 
single supply across the wide range of 9 to 40V. 


the user to select a variety of closed loop gain 
options and frequency response characteristics 
such as flat-band, NAB or RIAA equalization. The 


circuit is supplied in the 14 lead dual-in-line 
package. 

Features 

■ Low noise — 0.8 /iV total equivalent input noise 

■ High gain - 100 dB open loop 

■ Single supply operation 

■ Wide supply range 9 to 40V 

■ Power supply rejection — 120 dB 

■ Large output voltage swing 

■ Wide bandwidth — 15 MHz unity gain 

■ Power bandwidth - 75 kHz, 20 V p . p 

■ Internally compensated 

■ Short circuit protected. 


Schematic and Connection Diagrams 



Dual-ln-Line Package 



Order Number LM382N 
See NS Package N14A 


Typical Applications 


r -L "T" 



Cl Only 40 dB 

C2 Only 55 dB 

CI&C2 80 dB 


Tape Preamp (NAB Equalization) Phono Preamp (RIAA Equalization) Flat Response — Fixed Gain 

Configuration 


M382 





LM382 


Absolute Maximum Ratings 





Supply Voltage +40V 

Power Dissipation (Note 1) 715 mW 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 




Electrical Characteristics t a = 25 °c, Vcc = 

14V, unless otherwise stated. 


PARAMETER 

CONDITIONS 

■ 

MIN 

TYP 

MAX 

UNITS 

Voltage Gain 

Open Loop, f = 100 Hz 


100,000 


v/v 

Supply Current 

Vcc 9 to 40V, R|_ = °° 


10 

16 

mA 

Output DC Voltage 



6 


V 

Input Resistance 






(Positive Input) • 



100 


kft 

(Negative Input) 

, 


200 


kft 

Input Current 






(Negative Input) 



0.5 


aa 

Output Resistance 

Open Loop 


150 


n 

Output Current 

Source 


8 


mA 


Sink 


2 


mA 

Output Voltage Swing 

Peak-to-Peak, R|_ = 10k 


12 


V 

Unity Gain Bandwidth 



15 


MHz 

Power Bandwidth 

20 Vp-p (V C C = 24V) 


75 


kHz 

Maximum Input Voltage 

Linear Operation 



300 

mVrms 

Supply Rejection Ratio 

f = 1 kHz 


120 


dB 

Channel Separation 

f = 1 kHz 

40 

60 


dB 

Total Harmonic Distortion 

60 dB Gain, f = 1 kHz 


0.1 

0.3 

% 

Total Equivalent Input 

Noise 

RS = 600H, 100- 10,000 Hz 
(Flat Response Circuit) 


0.8 

1.2 

juVrms 

Note 1: For operation in ambient temperatures above 25° C, the device must be derated based on a 150°C maximum junction 
temperature and a thermal resistance of 175°C/W junction to ambient. 

i 

\ 
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LM383/LM383A 



National 
Semiconductor 

LM383/LM383A 7 Watt Audio Power Amplifier 

General Description 

The LM383 is a cost effective, high power amplifier 
suited for automotive applications. High current capabili- 
ty (3.5A) enables the device to drive low impedance loads 
with low distortion. The LM383 is current limited and 
thermally protected. High voltage protection is available 
(LM383A) which enables the amplifier to withstand 40V 
transients on its supply. The LM383 comes in a 5-pin 
TO-220 package. 


Audio/ Radio Circuits 


Features 

■ High peak current capability (3.5A) 

■ Large output voltage swing 

■ Externally programmable gain 

■ Wide supply voltage range (5V-20V) 

■ Few external parts required 

■ Low distortion 

■ High input impedance 

■ No turn-on transients 

■ High voltage protection available (LM383A) 

■ Low noise 

■ AC short circuit protected 


Equivalent Schematic 



Connection Diagram 


Typical Applications 


nr- 

o 

Ln 



Plastic Package 

I T 5 SUPPLY VOLTAGE 




3 4 OUTPUT 


i 3 3 GROUND 

I ^ 2 INVERTING INPUT 


I 3 1 NON INVERTING INPUT 


Order Number LM383T or LM383AT 
See NS Package T05B 
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Absolute Maximum Ratings 

Peak Supply Voltage (50 ms) 
LM383A(Note2) 

LM383 

Operating Supply Voltage 
Output Current 
Repetitive 
Non-repetitive 
Input Voltage 
PowerDissipation(Note3) 

Operating Temperature 

Storage Temperature 

Lead Temperature (Soldering, lOseconds) 


3.5A 
4.5A 
±0.5V 
15 W 

0°Cto + 70’C 
- 60°Cto + 150°C 
300 °C 


Electrical Characteristics v. 


:14.4V, T tab = 25°C, A v = 100 (40 dB), R L =4fl, unless otherwise specified 


Parameter 

Conditions 

Min 

Typ 

Max 

DC Output Level 


b.4 

7.2 

o 

Quiescent Supply Current 

Excludes Current in Feedback Resistors 


45 

80 

Supply Voltage Range 

Input Resistance 


5 

150 

20 

Bandwidth 

Gain = 40 dB 


30 


Output Power 

V s ;= 13.2V, f = 1 kHz 

R u = 40, THD = 10% 


4.7 



R L = 2Q, THD =10% 


7.2 



V s = 13.8V, f = 1 kHz 

R t = 4fl, THD = 10% 


5.1 



R l = 20, THD = 10% 


7.8 



V s = 14.4V, f=1 kHz 

R L = 4G, THD = 10% 

4.8 

' 5.5 



R L = 2G, THD = 10% 

7 

8.6 



R L =1.60, THD =10% 

V s = 16V, f=1 kHz 


9.3 



R L = 4fl, THD = 10% 


7 



R L = 2fi, THD = 10% 


10.5 



R L = 1.60, THD = 10% 


11 


THD 

P 0 = 2W, R L = 4«, f = 1 kHz 


0.2 1 



P 0 = 4W, R L = 2fl, f = 1 kHz 


0.2 


Ripple Rejection 

R s = 50fl, f = 100 Hz 

30 

40 



R$ = 500, f = 1 kHz 


44 


Input Noise Voltage 

R s = 0, 15 kHz Bandwidth 


2 


Input Noise Current 

R s = 100 Ml, 15 kHz Bandwidth 


40 ! 




Note 1: A 0.2 #*F capacitor should be placed as close as possible to pins 3 and 4 (or stability. 

Note 2: The IM383 shuts down above 25V. 

Note 3: For operating at elevated temperatures, the device must be derated based on a 150*C maximum junction temperature and a thermal resistance of 
4 , C/W junction to case. 
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LM383/LM383A 


Typical Performance Characteristics 


Device Dissipation vs 
Ambient Temperature 



Power Dissipation vs 
Output Power 



Power Dissipation vs 
Output Power 
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National 

Semiconductor 


Audio/Radio Circuits 


LM384 5 Watt Audio Power Amplifier 


General Description 

The LM384 is a power audio amplifier for consumer 
application. In order to hold system cost to a minimum, 
gain is internally fixed at 34 dB. A unique input stage 
allows inputs to be ground referenced. The output is auto- 
matically self-centering to one half the supply voltage. 

The output is short-circuit proof with internal thermal 
limiting. The package outline is standard dual-in-line. 
A copper lead frame is used with the center three pins on 
either side comprising a heat sink. This makes the device 
easy to use in standard p-c layout. 

Uses include simple phonograph amplifiers, intercoms, 
line drivers, teaching machine outputs, alarms, ultrasonic 
drivers, TV sound systems, AM-FM radio, sound projector 
systems, etc. See AN-69 for circuit details. 


Features 

■ Wide supply voltage range jf 

■ Low quiescent power drain 

■ Voltage gain fixed at 50 

■ High peak current capability 

■ Input referenced to GND 

■ High input impedance 

■ Low distortion 

■ Quiescent output voltage is at one half of the 
supply voltage 

■ Standard dual-in-line package 


Block and Connection Diagrams 


Dual-In-Line Package 



Order Number LM384N 
See NS Package N14A 



Schematic Diagram 



10-36 



Absolute Maximum Ratings 






Supply Voltage 

Peak Current 

Power Dissipation 

Input Voltage 

Storage Temperature 

Operating Temperature 

Lead Temperature (Soldering, 10 seconds) 

28V 

1.3 A 

(See Notes 3 and 4) 

±0.5V 

. -€5°C to +1 50°C 

0°C to +70°C 

300°C 





Electrical Characteristics (Note n 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Input Resistance (Z, N ) 



150 


kn 

Bias Current Obias) 

lll(JULb rluacmy 


inn 


nA 

Gain (A v ) 


40 

50 

60 

V/V 

Output Power (Pqut) 

THD = 10%, R l = 8£2 

5 

5.5 


w 

Quiescent Supply Current (l Q ) 



8.5 

25 

mA 

Quiescent Output Voltage (V Q ut q) 



n 


V 

Bandwidth (BW) 

P OUT =2W, R l ^812 


450 


kHz 

Supply Voltage (V + ) 


12 


26 

V 

Short Circuit Current (l sc ) 



1.3 

' 

A 

Power Supply Rejection Ratio 
(PSRR rto ) (Note 2) 



31 


dB 

Total Harmonic Distortion (THD) 

Pout = 4W, R L =817 


0.25 

1.0 

% 


Note 1: V = 22 V and T/\ = 25°C operating with a Staver V7 heat sink for 30 seconds. 

Note 2: Rejection ratio referred to the output with CgYPASS ~ 5juF, freq = 120 Hz. 

Note 3: The maximum junction temperature of the LM384 is 150°C. 

Note 4: The package is to be derated at 1 2°C/W junction to heat sink pins. 

Note 5: Output is fully protected against a shorted speaker condition at all voltages up to 22 V. 


Heat Sink Dimensions 


Staver "V7" Heat Sink 
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LM384 


Typical Performance Characteristics 


Device Dissipation vs Thermal Resistance vs 

Ambient Temperature Square Inches 




0 1 2 3 4 5 6 

SQUARE INCHES OF COPPER FOIL 

p.c. board Heatsink 


Total Harmonic Distortion vs 
Output Power 


Output Voltage Gain vs 
Frequency 



OUTPUT POWER (W) 



Ik 10k 10bk 1M 10M 


FREQUENCY (Hz) 


Power Supply Current vs 
Supply Voltage 



SUPPLY VOLTAGE (V) 


Device Dissipation vs 
Output Power-1 Load 
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OUTPUT POWER (W) 



Device Dissipation vs 
Output Power— 4S2 Load 



OUTPUT POWER (W) 


Supply Decoupling vs 
Frequency 
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Device Dissipation vs 
Output Power— 8ft Load 
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LM384 



LM386 


WM National 
£M Semiconductor 


Audio/ Radio Circuits 


LM386 Low Voltage Audio Power Amplifier 

General Description 


The LM386 is a power amplifier designed for use in low 
voltage consumer applications. The gain is internally 
set to 20 to keep external part count low, but the 
addition of an external resistor and capacitor between 
pins 1 and 8 will increase the gain to any value up 
to 200. 

The inputs are ground referenced while the output is 
automatically biased to one half the supply voltage. The 
quiescent power drain is only 24 milliwatts when oper- 
ating from a 6 volt supply, making the LM386 ideal 
for battery operation. 

Features 

■ Battery operation 

■ Minimum external parts 

■ Wide supply voltage range 4V— 12V or 5V— 18V 

■ Low quiescent current drain 4 mA 


Voltage gains from 20 to 200 
Ground referenced input 
Self-centering output quiescent voltage 
Low distortion 

Eight pin dual-in-line package 


Applications 

■ AM-FM radio amplifiers 

■ Portable tape player amplifiers 

■ Intercoms 

■ TV sound systems 

■ Line drivers 

■ Ultrasonic drivers 

■ Small servo drivers 

■ Power converters 


Equivalent Schematic and Connection Diagrams 



Dual-1 n-Line Package 



Typical Applications 


Amplifier with Gain = 20 
Minimum Parts 


Order Number LM386N-1, 
LM386N-3 or LM386N-4* 
See NS Package N08B 


Amplifier with Gain = 200 



1 ± 


_ LM386 >— f— 

^ ^ j BY PASS ^ 
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Absolute Maximum Ratings 


Supply Voltage (LM386N) 

15V 

Storage Temperature 

-65° C to +150°C 

Supply Voltage (LM386N-4) 

22V 

Operating Temperature 

0°C to +70° C 

Package Dissipation (Note 1) (LM386N-4) 

1.25W 

Junction Temperature 

+150°C 

Package Dissipation (Note 2) (LM386) 

660 mW 

Lead Temperature (Soldering, 10 seconds) +300°C 

Input Voltage 

±0.4V 




Electrical Characteristics t a = 25 °c 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Operating Supply Voltage (V s ) 

, 





LM386 


4 


12 

V 

LM386N-4 


5 


18 

V 

Quiescent Current (l Q ) 

Output Power (P 0 ut) 

V s = 6V, V IN = 0 


4 

8 

mA 

LM386N-1 

V s = 6V, R L = 80, THD = 10% 

250 

325 


mW 

LM386N-3 

V s = 9V, R l = 80. THD = 10% 

500 

700 


mW 

LM386N-4 

V s = 16V, R l = 320, THD = 10% 

700 

1000 


mW 

Voltage Gain (A v ) 

Vg = 6V, T = l kHz 


20 


ab 

- 

10/iF from Pin 1 to 8 


46 


dB 

Bandwidth (BW) 

V s = 6V, Pins 1 and 8 Open 


300 


kHz 

Total Harmonic Distortion (THD) 

V s = 6V, R l = 80, P OUT = 125 mW 
f = 1 kHz, Pins 1 and 8 Open 


0:2 


% 

Power Supply Rejection Ratio (PSRR) 

V s = 6V, f = 1 kHz, Cbypass = 10pF 
Pins 1 and 8 Open, Referred to Output 


50 


dB 

Input Resistance (R 1N ) 



50 


kO 

Input Bias Current (I B ias) 

V s = 6V, Pins 2 and 3 Open 


250 


nA 


Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a 
thermal resistance of 100°C/W junction to ambient. 

Note 2: For operation in ambient temperatures above 25° C, the device must be derated based on a 150°C maximum junction temperature and a 
thermal resistance of 187°C junction to ambient. 


Application Hints 

GAIN CONTROL 

To make the LM386 a more versatile amplifier, two pins 
(1 and 8) are provided for gain control. With pins 1 and 
8 open the 1.35 kO resistor sets the gain at 20 (26 dB). 
If a capacitor is put from pin 1 to 8, bypassing the 
1.35 kO resistor, the gain will go up to 200 (46 dB). If 
a resistor is placed in series with the capacitor, the gain 
can be set to any value from 20 to 200. Gain control can 
also be done by capacitively coupling a resistor (or FET) 
from pin 1 to ground. 


Additional external components can be placed in parallel 
with the internal feedback resistors to tailor the gain and 
frequency response for individual applications. For ex- 
ample, we can compensate poor speaker bass response 
by frequency shaping the feedback path. This is done 
with a series RC from pin 1 to 5 (paralleling the internal 
1 5 kO resistor). For 6 dB effective bass boost: R = 15kO, 
the lowest value for good stable operation is R = 10 kO 
if pin 8 is open. If pins 1 and 8 are bypassed then R as 
low as 2 kO can be used. This restriction is because the 
amplifier is only compensated for closed-loop gains 
greater than 9. 


INPUT BIASING 

The schematic shows that both inputs are biased to 
ground with a 50 kO resistor. The base current of the 
input transistors is about 250 nA, so the inputs are at 
about 12.5 mV when left open. If the dc source re- 
sistance driving the LM386 is higher than 250 kO it will 
contribute very little additional offset (about 2.5 mV at 
the input, 50 mV at the output). If the dc source 
resistance is less than 10 kO, then shorting the unused 
input to ground will keep the offset low (about 2.5 mV 
at the input, 50 mV at the output). For dc source 
resistances between these values we can eliminate excess 
offset by putting a resistor from the unused input to 
ground, equal in value to the dc source resistance. Of 
course all offset problems are eliminated if the input is 
capacitively coupled. 


When using the LM386 with higher gains (bypassing 
the 1.35 kO resistor between pins 1 and 8) it is necessary 
to bypass the unused input, preventing degradation of 
gain and possible instabilities. This is done with aO.ljuF 
capacitor or a short to ground depending on the dc 
source resistance on the driven input. 
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LM386 


Typical Performance Characteristics 


Quiescent Supply Current 



4 5 6 7 8 9 10 11 12 

SUPPLY VOLTAGE (VOLTS) 


Power Supply Rejection Ratio 
(Referred to the Output) 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 


Peak-to-Peak Output Voltage 



4 5 6 7 8 9 10 11 12 

SUPPLY VOLTAGE (VOLTS) 




20 50 100 2GG 506 ik 2k 5k Iuk 2uk 
FREQUENCY (Hz) 


Distortion vs Output Power 



0.00 i 0.01 o.i 1.0 


POWER OUT (WATTS) 


Device Dissipation vs Output 
Power— 40 Load 



0 0.1 0.2 0.3 0.4 0.5 


Device Dissipation vs Output 
Power— 8ft Load 


5 

z 

0 

h- 

< 

1 
a 



0 1.0 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 


OUTPUT POWER (W) 


OUTPUT POWER (W) 


Device Dissipation vs Output 
Power— 16ft Load 



OUTPUT POWER (W) 
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VOLTAGE GAIN (dB) 


Typical Applications (Continued) 


Low Distortion Power Wienbridge Oscillator 

Amplifier with Gain = 50 



Amplifier with Bass Boost 


v s 

? r~i 



20 50 100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hr) 


AM Radio Power Amplifier 



Note 1 : Twist supply lead and supply ground very tightly. 

Note 2: Twist speaker lead and ground very tightly. 

Note 3: Ferrite bead is Ferroxcube K5-001-001/3B with 3 
turns of wire. 


Note 4: R1C1 band limits input signals. 

Note 5: All components must be spaced very close to 1C. 
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National 

Semiconductor 


Audio/Radio Circuits 


LM387/LM387A Low Noise Dual Preamplifier 


General Description 

The LM387 is a dual preamplifier for the amplification 
of low level signals in applications requiring optimum 
noise performance. Each of the two amplifiers is com- 
pletely independent, with an internal power supply 
decoupler-regulator, providing 110 dB supply rejection 
and 60 dB channel separation. Other outstanding features 
include high gain (104 dB), large output voltage swing 
(V cc -2V)p-p, and wide power bandwidth (75 kHz, 
20 Vp-p). The LM387A is a selected version of the 
LM387 that has lower noise in a NAB tape circuit, and 
can operate on a larger supply voltage. The LM387 op- 
erates from a single supply across the wide range of 9V 
to 30V, the LM387A operates on a supply of 9V to 40V. 

The amplifiers are internally compensated for gains 
greater than 10. The LM387, LM387A is available in an 
8-lead dual-in-line package. The LM387, LM387A is 
biased like the LM381 . See AN-64 and AN-104. 


Features 

■ Low noise 1 .0 pV total input noise 

■ High gain 104 dB open loop 

■ Single supply operation 

■ Wide supply range LM387 9 to 30V 

LM387A 9 to 40V 

■ Power supply rejection IIOdB 

■ Large output voltage swing (V cc - 2V)p-p 

■ Wide bandwidth 1 5 MHz unity gain 

■ Power bandwidth 75 kHz. 20 Vp-p 

■ Internally compensated 

■ Short circuit protected 

■ Performance similar to LM381 


Schematic and Connection Diagrams 



Dual-1 n-Line Package 



Order Number LM387N 
or LM387AN 
See NS Package N08B 


14V 




FIGURE 2. NAB Tape Circuit 
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Absolute Maximum Ratings 

Supply Voltage 

LM387 +30V 

LM387A ' +40V 

Power Dissipation (Note 1) 660 mW 


Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


0°C to +70° C 
-65°Cto+150°C 
300° C 


Electrical Characteristics t a = 25°c, v cc = i4v, unless otherwise stated. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Voltage Gain , 

Open Loop, f = 100 Hz 


160,000 


v/v 

Supply Current 

LM387, V cc 9 — 30V, R L = <» 


10 


mA 


LM387A, V cc 9 — 40V, R L = °° 


10 


mA 

Input Resistance 






Positive Input i 


50 

100 


kft 

Negative Input 



200 


kft 

Input Current 






Negative Input 



0.5 

3.1 

ma 

Output Resistance 

Open Loop 


150 


n 

Output Current 

Source 


8 


mA 


Sink 


2 


mA 

Output Voltage Swing 

Peak-to-Peak 


v cc~2 


V 

Unity Gain Bandwidth 



15 


MHz 

Large Signal Frequency 

20 Vp-p (V cc > 24V), 


75 


kHz 

Response 

THD < 1% 





Maximum Input Voltage 

Linear Operation 



300 

mVrms 

Supply Rejection Ratio 

f = 1 kHz 


110 


dB 

Input Referred 






Channel Separation 

f = 1 kHz 

40 

60 


dB 

Total Harmonic Distortion 

60 dB Gain, f = 1 kHz 


0.1 

0.5 

% 

Total Equivalent Input 

10-10,000 Hz 


1 



Noise (Flat Gain Circuit) 

LM387 


1.0 

1.2 

/iVrms 


Figure 1 





Output Noise NAB Tape 

Unweighted 





Playback Circuit 

LM387A 


400 

700 

/iVrms 

Gain of 37 dB 

Figure 2 






Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a 
thermal resistance of 187° C/W junction to ambient. 


Typical Applications (Continued) 


Two-Pole Fast Turn-ON NAB Tape Preamplifier 

24V 



Frequency Response of NAB 
Circuit of Figure 2 



20 50 100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hz) 
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LM387/LM387A 


Typical Performance Characteristics 


v cc vs ■cc 



) 5 10 15 20 25 30 35 40 

SUPPLY VOLTAGE (V) 


Gain and Phase Response 


□ 


■ 

— 








30 

n 



n 

3k 0.1 

i i 

IM 11 


1 10 100 Ik 10k 0.1 M 1M 10M 

FREQUENCY (Hz) 


Large Signal Frequency 
Response 


1 

I 1 

i 

<1% DISTORTION 

1 1 







l 



\ 



\ 



y 



y 



\ 







1kHz 10 kHz 100 kHz 1M II 
FREQUENCY (Hz) 


PSRR vs Frequency 
(Input Referred) 


Channel Separation 






JfZZLM387A 
NOTE: Rc = 0 


1U 1UU IK 1UK 

FREQUENCY (Hz) 

Typical Applications (Continued) 

Inverting Amplifier Ultra-Low Distortion 
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Distortion vs Frequency 
Non-Inverting Amplifier 
0.50 r . 1 1 

0.45 -JJ CC= y V 

V D = 3 Vrms 

0.40 —noninverting 

0.35 

0.30 

0-25 NAB EQUIVALENTS 


10 100 Ik 10k 100k 1JVI 10M 

10 100 1kHz 10 kHz 100kHz 1MHz 

20 50 100200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hz) 

FREQUENCY (Hz) 

FREQUENCY (Hz) 

Noise Voltage vs 

Noise Current vs 

Distortion vs Frequency 

Frequency 

Frequency , 

Inverting Amplifier 



20 50 100200 500 Ik 2k 5k 10k 20k 
FREQUENCY (Hz) 


Typical Magnetic Phono Preamplifier 













National 

Semiconductor 


Audio/ Radio Circuits 


LM388 1.5 Watt Audio Power Amplifier 

General Description 


The LM388 is an audio amplifier designed for use in 
medium power consumer applications. The gain is 
internally set to 20 to keep external part count low, 
but the addition of an external resistor and capacitor 
between pins 2 and 6 will increase the gain to any value 
up to 200. 

The inputs are ground referenced while the output is 
automatically biased to one half the supply voltage. 

Features 


■ Variable voltage gain 

■ Low distortion 

■ Fourteen pin dual-in-line package 

■ Low voltage operation, 4 V 


Applications 


AM-FM radio amplifiers 
Portable tape player amplifiers 
Intercoms 
TV soupd systems 


Wide supply voltage range 
Excellent supply rejection 
Ground referenced input 
Self-centering output quiescent voltage 


Line drivers 
Ultrasonic drivers 
Small servo drivers 
Power converters 


Equivalent Schematic and Connection Diagram 



Dual-In-Line Package 


Typical Applications 
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BYPASS I “ J 

r „ 

1 

7_ 

>L T±r > 510 

r 

1 




LM388 

8 

_ 

* 

YA “| 
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TOP VIEW 

Order Number LM388N-1, 
LM388N-2 or LM388N-3 
See NS Package N14A 



FIGURE 1. Load Returned to Ground 
(Amplifier with Gain = 20) 
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FIGURE 2. Load Returned to Vg 
(Amplifier with Gain = 20) 
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LM388 


Absolute Maximum Ratings 

Supply Voltage 

Supply Voltage (LM388N-3 Only) 

Package Dissipation 14-Pin DIP (Note 1) 

Input Voltage 1 

Storage Temperature 

Operating Temperature 

Junction Temperature 

Lead Temperature (Soldering, 10 seconds) 


15V 
22V 
8.3W 
+0.4V 
-€5°C to +1 50°C 
0°C to +70°C 
150°C 
300°C 


Electrical Characteristics t a = 25 °c, (Figure v 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Operating Supply Voltage (V s ) 






LM388 


4 


12 

V 

LM388N-3 


5 


18 

V 

Quiescent Current (l Q ) 

< 

z 

n 

o 





LM388 

V s = 12V 


16 

23 

mA 

LM388N-3 

V s = 16V 


20 

35 

mA 

Output Power (P OU t)- (Note 2) 

R1 = R2= 1 80ft, THD = 10% 





LM388N-1 

V s = 12V, R L = 8ft 

1.5 

. 2.2 


W 


V s = 6V, R l = 4ft) _ o ^ 

0.6 

0.8 


W 


5 L >R1 = R2= 180ft 





LM388N-2 

V s = 6V, R L = 4ft J 

0.8 

0.9 


W 

LM388N-3 

V s = 16V, R L = 8ft 

2.5 

3.8 


W 

Voltage Gain (A v ) 

V s = 12V, f = 1 kHz 

23 

26 

30 

dB 


10/iF From Pin 2 to 6 


46 


dB 

Bandwidth (BW) 

V s = 12V, Pins 2 and 6 Open 


300 


kHz 

Total Harmonic Distortion (THD) 

V s = 12V, R l = 8ft, Pqut = 500 mW, 


0.1 

1 

% 


f = 1 kHz, Pins 2 and 6 Open 





Power Supply Rejection Ratio 

V s = 12V, f = 1 kHz, C BY p ASS = 10/iF, 


50 


dB 

(PSRR), (Note 3) 

Pins 2 and 6 Open, Referred to Output 





Input Resistance (R !N ) 


10 

50 


kft 

Input Bias Current (l B | AS ) 

Vs = 12V, Pins 7 and 8 Open 


250 


nA 


Note 1 : Pins 3, 4, 5, 10, 11,12 at 25°C. Derate at 15°C/W above 25°C case. 

Note 2: The amplifier should be in high gain for full swing on higher supplies due to input voltage limitations. 

Note 3: If load and bypass capacitor are returned to Vg (Figure 2), rather than ground (Figure 1), PSRR is typically 30 dB. 


Typical Performance Characteristics 


Maximum Device Dissipation vs 



0 10 20 30 40 SO 60 70 80 90 100 


Quiescent Supply Current vs 



0 4 8 12 16 20 


Power Supply Rejection Ratio 
(Referred to the Output) vs 
Frequency 



10 100 Ik 10k 100k 


T a - AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE (V) 

Note: 2 oz. copper foil, single sided PC board. 


FREQUENCY (Hz) 
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Typical Performance Characteristics (Continued) 


Peak-to-Peak Output Voltage 



0 4 8 12 16 20 

SUPPLY VOLTAGE (V) 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Distortion vs Frequency 




0.01 0.1 1.0 10 


Device Dissipation vs Output 
Power-4£2 Load 



Device Dissipation vs Output 
Power— 812 Load 



POWER OUTPUT (W) 


OUTPUT POWER (W) 


OUTPUT POWER (W) 


Device Dissipation vs Output 
Power— 16 ft Load 



OUTPUT POWER ON) 


Application Hints 

Gain Control 

To make the LM388 a more versatile amplifier, two pins 
(2 and 6) are provided for gain control. With pins 2 and 
6 open, the 1.35 k£2 resistor sets the gain at 20 (26 dB). 
If a capacitor is put from pin 2 to 6, bypassing the 
1.35 k £2 resistor, the gain will go up to 200 (46 dB). If a 
resistor is placed in series with the capacitor, the gain can 
be set to any value from 20 to 200. A low frequency 
pole in the gain response is caused by the capacitor 
working against the external resistor in series with the 
150£2 internal resistor. If the capacitor is eliminated and 
a resistor connects pin 2 to 6 then the output dc level 


may shift due to the additional dc gain. Gain control 
can also be done by capacitively coupling a resistor (or 
FET) from pin 6 to ground, as in Figure 7. 

Additional external components can be placed in parallel 
with the internal feedback resistors to tailor the gain 
and frequency response for individual applications. For 
example, we can compensate poor speaker bass response 
by frequency shaping the feedback path. This is done 
with a series RC from pin 6 to 13 (paralleling the internal 
15 k£7 resistor). For 6 dB effective bass boost: R s 
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Application Hints (Continued) 


15 k£2, the lowest value for good stable operation is 
R = 10 k£2 if pin 2 is open. If pins 2 and 6 are bypassed 
then R as low as 2 k£2 can be used. This restriction is 
because the amplifier is only compensated for closed- 
loop gains greater than 9 V/V. 

Input Biasing 

The schematic shows that both inputs are biased to 
ground with a 50 k£2 resistor. The base current of the 
input transistors is about 250 nA, so the inputs are at 
about 1 2.5 mV when left open. If the dc source resistance 
driving the LM388 is higher than 250 kH it will contri- 
bute very little additional offset (about 2.5 mV at the 
input, 50 mV at the output). If the dc source resistance 
is less than 10 k £2, then shorting the unused input to 
ground will keep the offset low (about 2.5 mV at the 
input, 50 mV at the output). For dc source resistances 
between these values we can eliminate excess offset by 
putting a resistor from the unused input to ground, equal 
in value to the dc source resistance. Of course all offset 
problems are eliminated if the input is capacitively 
coupled. 

When using the LM388 with higher gains (bypassing the 
1.35 k£2 resistor between pins 2 and 6) it is necessary to 
bypass the unused input, preventing degradation of gain 
and possible instabilities. This is done with a O.ljuF 
capacitor or a short to ground depending on the dc 
source resistance on the driven input. 

Bootstrapping 


(R1 +R2)=0 O 


(V S /2)~V BE 

•o MAX 


Good design values are V BE = 0.7V andj3 0 = 100. 


Example:- 1 WA tt int0 8£2 load with V s = 12V. 



To keep the current in R2 constant during positive 
swing capacitor C B is added. As the output swings 
positive C B lifts R1 and R2 above the supply, main- 
taining a constant voltage across R2. To minimize the 
value of C B , R1 = R2. The pole due to C B and R1 and 
R2 is usually set equal to the pole due to the output 
coupling capacitor and the load. This gives: 



Cc 

25 


The base of the output transistor of the LM388 is 
brought out to pin 9 for Bootstrapping. The output 
stage of the amplifier during positive swing is shown in 
Figure 3 with its external circuitry. 

R1 + R2 set the amount of base current available to the 
output transistor. The maximum output current divided 
by Beta is the value required for the current in R1 and 
R2: 


Example: for 100 Hz pole and R L = 8£2; C c = 200/iF 
and C B = 8juF, if R1 is made a diode and R2 increased 
to give the same current, C B can be decreased by about 
a factor of 4, as in Figure 4. 

For reduced component count the load can replace R1. 
The value of (R1 + R2) is the same, so R2 is increased. 
Now C B is both the coupling and the bootstrapping 
capacitor (see Figure 2). 


Typical Applications (Continued) 



FIGURE 3. 


O.IjiF 
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Typical Applications (Continued) 



14 I — r— <510 - , IQuF 

jRlt j. ? T 


LM388 

■ +^X| 2 0.033^ F“ 


FIGURE 6a. Amplifier with Bass Boost 


V s = 6V R L =4n P o = 1.0W 
V s = 12V R l =8P. P q = 4W 


FIGURE 5. Bridge Amp 



20 50 100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hz) 

FIGURE 6b. Frequency Response with Bass Boost 




FIGURE 7. Intercom 


I 


T 

v_ T~ — — 

— J — Cl 

1 j 1 2200pF 


"10/iF >510| + 


IQpF 

FERRITE 

BEAD 250/jF 


Note 1 : Twist supply lead and supply ground very tightly. 

Note 2: Twist speaker lead and ground very tightly. 

Note 3: Ferrite bead is Ferroxcube K5-001-001/3B with 3 
turns of wire. 


FIGURE 8. AM Radio Power Amplifier 

tightly. Note 4: R1 Cl band limits input signals. 

Note 5: All components must be spaced very close to 1C. 
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LM389 


National 

mSm Semiconductor 
LM389 Low Voltage Audio Power 
Transistor Array 


Audio/Radio Circuits 
Amplifier With NPN 


General Description 

The LM389 is an array of three NPN transistors on the 
same substrate with an audio power amplifier similar to 
the LM386. 

The amplifier inputs are ground referenced while the 
output is automatically biased to one half the supply 
voltage. The gain is internally set at 20 to minimize 
external parts, but the addition of an external resistor 
and capacitor between pins 4 and 12 will increase the 
gain to any value up to 200. 

The three transistors have high gain and excellent 
matching characteristics. They are well suited to a wide 
variety of applications in dc through VHF systems. 


Features 

Amplifier 

■ Battery operation 

■ Minimum external parts 

■ Wide supply voltage range 


■ Low quiescent current drain 

■ Voltage gains from 20 to 200 

■ Ground referenced input 

*» Self-centering output quiescent voltage 

■ Low distortion 
Transistors 

■ Operation from l^uA to 25 mA 

■ Frequency range from dc to 100 MHz 

■ Excellent matching 

. Applications 

■ AM-FM radios 

■ Portable tape recorders 

■ Intercoms 

■ Toys and games 

■ Walkie-talkies 

■ Portable phonographs 

■ Power converters 


Equivalent Schematic and Connection Diagrams 



SUB 



TOP VIEW 


Order Number LM389N 
See NS Package N18A 
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Absolute Maximum Ratings 






Supply Voltage 


15V Collector to Emitter Voltage, Vqeq 


12V 

Package Dissipation (Note 1) 

715 mW Collector to Base Voltage, VqbO 


15V 

Input Voltage 


±0.4V Collector to Substrate Voltage, Vcjq (Note 2) 

15V 

Storage Temperature -65°C to + 150°C Collector Current, Iq 



25 mA 

Operating Temperature 0°C to +70°C Emitter Current, 1^ 



25 mA 

Junction Temperature 

150°C Base Current, Ir 




5 mA 

Lead Temperature (Soldering, 10 seconds) 

300°C Power Dissipation (Each Transistor) T^ < +70°C 

150 mW 

Electrical Characteristics t a = 

25° C 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

AMPLIFIER 

v s , 

Operating Supply Voltage 


4 


12 

V 

Iq 

Quiescent Current 

V s = 6V, V, N = OV 


6 

12 

mA 

Pout 

Output Power (Note 3) 

V s = 6V, R, = 812 

THD = 10% s L 

V s = 9V, R L = 16H 

250 

325 

500 


mW 

mW 

A v 

Voltage Gain 

V s =6V,f = 1 kHz 

23 

26 

30 

dB 



lOpF From Pins 4 to 12 


’ 46 


dB 

BW 

Bandwidth 

V s = 6V, Pins 4 and 1 2 Open 


250 


kHz 

THD 

Total Harmonic Distortion 

V s = 6V, R l = 812, P OUT = 125 mW, 
f= 1 kHz, Pins 4 and 12 Open 


0.2 

3.0 

% 

PSRR 

Power Supply Rejection Ratio 

V s = 6V, f = 1 kHz, C gyp ass = 10pF , 

Pins 4 and 12 Open, Referred to Output 

30 

50 


dB 

Rin 

Input Resistance 


10 

50 


k!2 

•bias 

Input Bias Current 

Vs = 6V, Pins 5 and 16 Open 


250 


nA 

TRANSISTORS j 

V CEO 

Collector to Emitter 

1(2 “ 1 m A, Iq “ 0 

12 

20 


V 


Breakdown Voltage 






V C BO 

Collector to Base 

l c = 10pA, l E =0 

15 

40 


V 


Breakdown Voltage 






V C io 

Collector to Substrate 

l C = 10pA, l E = l B = 0 

15 

40 


V 


Breakdown Voltage 






V EB 0 

Emitter to Base 

l E = lOpA, l c =0 

6.4 

7.1 

7.8 

V 


Breakdown Voltage 






h fe 

Static Forward Current 

l c = lOpA 


100 




Transfer Ratio (Static Beta) 

l c = 1 mA 

100 

275 





l c = 10 mA 


275 



h oe 

Open-Circuit Output Admittance 

l c = 1 mA, V CE = 5V, f = 1 .0 kHz 


20 


pmho 

V B e 

Base to Emitter Voltage 

l E = 1 mA 


0.7 

0.85 

V 

* V BE1“ V BE2l 

Base to Emitter Voltage Offset 

l E = 1 mA 


1 

5 

mV ‘ 

V CESAT 

Collector to Emitter 

Saturation Voltage 

l c = 10 mA, l B = 1 mA 


0.15 

0.5 

V 

Ceb 

Emitter to Base Capacitance 

< 

m 

03 

CO 

< 


1.5 


PF 

^CB 

Collector to Base Capacitance 

V C B = 3V 


2 


PF 

Co 

Collector to Substrate 

Capacitance 

V cl = 3V 


3.5 


PF 

hf e 

High Frequency Current Gain 

l c = 10 mA, V CE = 5V, f = 100 MHz 

1.5. 

5.5 



Note 1: For operation in ambient temperatures above 25° C, the device must be derated based on a 150°C maximum junction temperature and a 

thermal resistance of 175°C/W junction to ambient. 






Note 2: The collector of each transistor is isolated from the substrate by an integral diode. Therefore, the collector voltage should remain positive 

with respect to pin 17 at all times. 






Note 3: If oscillation exists under some load conditions, add 2.712 and 0.05pF series network from pin 1 to ground. 
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Typical Amplifier Performance Characteristics 


Quiescent Supply Current 
vs Supply Voltage 



4567 8 9 10 II 12 


SUPPLY VOLTAGE (VOLTS) 


Power Supply Rejection Ratio 
(Referred to the Output) 
vs Frequency 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 



100 Ik 10k 100k 1M 

FREQUENCY (Hz) 



20 50 100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hz) 


Device Dissipation vs Output 
Power — 4J2 Load 


Device Dissipation vs Output 
Power — 8f2 Load 




0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 


OUTPUT POWER (WATTS) 


Peak-to*Peak Output Voltage 
Swing vs Supply Voltage 



4 5 6 7 8 9 10 11 12 

SUPPLY VOLTAGE (VOLTS) 


Distortion vs Output Power 


Vs'-BV 

'r l =8n 
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Device Dissipation vs Output 
Power — 16fi Load 



OUTPUT POWER (WATTS) 


Typical Transistor Performance Characteristics 


Forward Current Transfer Ratio 



COLLECTOR CURRENT (mA) 


Saturation Voltage vs 
Collector Current 



0.01 0.1 1 10 
COLLECTOR CURRENT (mA) 


Open Circuit Output Admittance 
vs Collector Current 



COLLECTOR CURRENT (mA) 
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Typical Transistor Performance Characteristics (Continued) 



10 100 * Ik 10k 


FREQUENCY (Hz) 


Noise Current vs Frequency 
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High Frequency Current Gain 
vs Collector Current 



024 6 8 10 12 14 16 

l c - COLLECTOR CURRENT (mA) 
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Application Hints 

Gain Control 

To make the LM389 a more versatile amplifier, two pins 
(4 and 12) are provided for gain control. With pins 4 and 
12 open, the 1 .35 k!2 resistor sets the gain at 20 (26 dB). 
If a capacitor is put from pin 4 to 12, bypassing the 
1.35 k!2 resistor, the gain will go up to 200 (46 dB). If a 
resistor is placed in series with the capacitor, the gain 
can be set to any value from 20 to 200. A low frequency 
pole in the gain response is caused by the capacitor 
working against the external resistor in series with the 
15012 internal resistor. If the capacitor is eliminated and 
a resistor connects pin 4 to 12, then the output dc level 
may shift due to the additional dc gain. Gain control can 
also be done by capacitively coupling a resistor (or FET) 
from pin 12 to ground. 

Additional external components can be placed in parallel 
with the internal feedback resistors to tailor the gain and 
frequency response for individual applications. For 
example, we can compensate poor speaker bass response 
by frequency shaping the feedback path. This is done 
with a series RC from pin 1 to 12 (paralleling the inter- 
nal 15 k!2 resistor). For 6 dB effective bass boost: 
R = 15 k!2, the lowest value for good stable operation is 
R = 10 k!2 if pin 4 is open. If pins 4 and 12 are bypassed 
then R as low as 2 k!2 can be used. This restriction is 
because the amplifier is only compensated for closed- 
loop gains greater than 9V/V. 

Input Biasing 

The schematic shows that both inputs are biased to 
ground with a 50 k!2 resistor. The base current of the 
input transistors is about 250 nA, so the inputs are at 
about 12.5 mV when left open. If the dc source resis- 


tance driving the LM389 is higher than 250 k!2 it will 
contribute very little additional offset (about 2.5 mV at 
the input, 50 mV at the output). If the dc source resis- 
tance is less than 10 k£2, then shorting the unused input 
to ground will keep the offset low (about 2.5 mV at the 
input, 50 mV at the output). For dc source resistances 
between these values we can eliminate excess offset by 
putting a resistor from the unused input to ground, equal 
in value to the dc source resistance. Of course all offset 
problems are eliminated if the input is capacitively 
coupled. 

When using the LM389 with higher gains (bypassing the 
1.35 kH resistor between pins 4 and 12) it is necessary 
to bypass the unused input, preventing degradation of 
gain and possible instabilities. This is done with a O.ljuF 
capacitor or a short to ground depending on the dc 
source resistance of the driven input. 

Supplies and Grounds 

The LM389 has excellent supply rejection and does not 
require a well regulated supply. However, to eliminate 
possible high frequency stability problems, the supply 
should be decoupled to ground with a 0.1 jUF capacitor. 
The high current ground of the output transistor, pin 18, 
is brought out separately from small signal ground, 
pin 17. If the two ground leads are returned separately 
to supply then the parasitic resistance in the power 
ground lead will not cause stability problems. The para- 
sitic resistance in the signal ground can cause stability 
problems and it should be minimized. Care should also 
.be taken to insure that the power dissipation does not 
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Application Hints (Continued) 


/ 

exceed the maximum dissipation of the package for a For example, the emitter-base breakdown voltage of 

given temperature. There are two ways to mute the 7.1V can be used as a zener diode at currents from 

LM389 amplifier. Shorting pin 3 to the supply voltage, 1/iA to 5 mA. These transistors make good LED driver 

or shorting pin 12 to ground will turn the amplifier off devices, V SAT is only 150 mV when sinking 10 mA. 

without affecting the input signal. 

In the linear region, these transistors have been used in 
Transistors AM and FM radios, tape recorders, phonographs, and 

many other applications. Using the characteristic curves 
The three transistors on the LM389 are general purpose on noise voltage and noise current, the level of the 

devices that can be used the same as other small signal collector current can be set to optimize noise perfor- 

transistors. As long as the currents and voltages are kept mance for a given source impedance. Some of the cir- 

within the absolute maximum limitations, and the cuits that have been built are shown in Figures 1—7. 

collectors are never at a negative potential with respect This is by no means a complete list of applications, 

to pin 17, there is no limit on the way they can be used. since that is limited only by the designers imagination. 


V s 



OUTPUT AMPLIFIER & SPEAKER 


FIGURE 1. AM Radio 


O.OOlpF 



6.8k 


FIGURE 2. Tape Recorder 
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National 

Semiconductor 


Audio/ Radio Circuits 


LM390 1. Watt Battery Operated Audio Power Amplifier 


General Description 

The LM390 Power Audio Amplifier is optimized for 
6V, 7.5V, 9V operation into low impedance loads. The 
gain is internally set at 20 to keep the external part 
count low, but the addition of an external resistor and 
capacitor between pins 2 and 6 will increase the gain to 
any value up to 200. The inputs are ground referenced 
while the output is automatically biased to one half 
the supply voltage. 

Features 

■ Battery operation 
a 1W outDut Dower 

■ Minimum external parts 

■ Excellent supply rejection 

■ Ground referenced input 

■ Self-centering output quiescent voltage 


■ Variable voltage gain 

■ Low distortion 

■ Fourteen pin dual-in-line package 

Applications 

■ AM-FM radio amplifiers 

■ Portable tape player amplifiers 

■ Intercoms 

■ TV sound systems 
Lamp drivers 

■ Line drivers 

■ Ultrasonic drivers 

■ Small servo drivers 

■ Power converters 


Equivalent Schematic and Connection Diagrams 



Dual-ln-Line Package 



Order Number LM390N 
See NS Package N14A 


Typical Applications 




FIGURE 1. Load Returned to Ground FIGURE 2. Load Returned to Supply 

(Amplifier with Gain = 20) (Amplifier with Gain = 20) 
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Absolute Maximum Ratings (Note 1) 


Supply Volta# 

Package Dissipation 14-Pin DIP 
Input Volta# 

Storage Temperature 

Operating Temperature 

Junction Temperature 

Lead Temperature (Soldering, 10 seconds) 


10V 
8.3W 
±0.4V 
-65°C to +150°C 
0°C to +70°C 
150°C 
300°C 


Electrical Characteristics 

.. . I'n 'i d 1 ; u ' ' 

PARAMETER 

V s Operating Supply Voltage 

l Q QuieSpfent Current 

Pout Output Power 

A v Voltage Gain 

BW Bandwidth 

THD Total Harmonic Distortion 


T a = 25°C, (Figure 1) 


CONDITIONS 


V s =6V, V IN =0 

V s = 6V, R l = 412, THD = 10%, (Note 2) 

V s =6V, f = 1 kHz 
IOatF from Pin 2 to 6 
V s = 6 V, Pins 2 and 6 Open 

V s = 6V, R l = 412, P OUT = 500 mW 
f = 1 kHz, Pins 2 and 6 Open 


MIN 


TYP 


MAX 


UNITS 


4 

10 

0.8 1 .0 

23 26 

46 


9 

20 

30 


V 

mA 

W 

dB 

dB 


300 

0.2 


kHz 

% 


PSRR Power Supply Rejection Ratio 


V s = 6V, f = 1 kHz, Cbypass = 10juF, 
Pins 2 and 6 Open, Referred to Output 
(Note 3) 


50 


dB 


Rin 

Ibias 


Input Resistance 


Input Bias Current 


V s 


= 6V, Pins 7 and 8 Open 


10 


50 

250 


k!2 

nA 


Note 1: Pins 3> 4, 5> i d, 11, 12at25°C. Derate at 15°C/W above 25°C case. 

Note 2: If oscillation exists under some load conditions, add 2.70 and 0.05 mF series network from pin 13 to ground. 

Note 3: If load and bypass capacitor are returned to Vg (Figure 2), rather than ground (Figure 1), PSRR is typically 30 dB. 


Typical P e rfo rmance Characteristics 


Maximum Device Dissipation 



0 to 2ij 30 40 SO 60 70 80 90,100 
f A - aiW&IEftT TEMPERATURE (°C) 

Note: 2 «z. copper foil, tingle-sided PC board. 


Quiescent Supply Current vs 



4 5 6 7 8 9 

SUPPLY VOLTAGE (V) 


Peak-tqrFbak Output Voltage 
Swing vs Supply Voltage 




100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Power Supply Rejection Ratio 
(Referred to the Output) vs 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Distortion vs Frequency 



FREQUENCY (Hz) 
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Typical Performance Characteristics {Continued) 


• Distortion vs Output Power 



0.01 0.03 0.06 0.1 0.3 0.6 1.0 

POWER OUTPUT (W) 


Device Dissipation vs 
Output Power 4£2 Load 



Device Dissipation vs 
Output Power 8H Load 



OUTPUT POWER (W) 


Application Hints 

Gain Control 

To make the LM390 a more versatile amplifier, two pins 
(2 and 6) are provided for gain control. With pins 2 and 
6 open, the 1.35 kfi resistor sets the gain at 20 (26 dB). 
If a capacitor is put from pin 2 to 6, bypassing the 
1.35 k£2 resistor, the gain will go up to 200 (46 dB). If a 
resistor is placed in series with the capacitor, the gain can 
be set to any value from 20 to 200. A low frequency 
pole in the gain response is caused by the capacitor 
working against the external resistor in series with the 
150ft internal resistor. If the capacitor is eliminated and 
a resistor connects pin 2 to 6 then the output dc level 
may shift d.ue to the additional dc gain. Gain control 
can also be done by capacitively coupling a resistor (or 
FET) from pin 6 to ground, as in Figure 7. 


Additional external components can be placed in parallel 
with the internal feedback resistors to tailor the gain 
and frequency response for individual applications. For 
example, we can compensate poor speaker bass response 
by frequency shaping the feedback path. This is done 
with a series RC from pin 6 to 13 (paralleling the internal 
15 kft resistor). For 6 dB effective bass boost: R = 
15 kft, the lowest value for good stable operation is 
R = 10 kft if pin 2 is open. If pins 2 and 6 are bypassed 
then R as low as 2 kft can be used. This restriction is 
because the amplifier is only compensated for closed- 
loop gains greater than 9 V/V. 

Typical Applications (Continued) 


Input Biasing 

The schematic shows that both inputs are biased to 
ground with a 50 kft resistor. The base current of the 
input transistors is about 250 nA, so the inputs are at 
about 1 2.5 mV when left open. If the dc source resistance 
driving the LM390 is higher than 250 kft it will contri- 
bute very little additional offset (about 2.5 mV at the 
input, 50 mV at the output). If the dc source resistance 
is less than 10 kft, then shorting the unused input to 
ground will keep the offset low (about 2.5 mV at the 
input, 50 mV at the output). For dc source resistances 
between these values we can eliminate excess offset by 
putting a resistor from the unused input to ground, equal 
in value to the dc source resistance. Of course all offset 
problems are eliminated if the input is capacitively 
coupled. 

When using the LM390 with higher gains (bypassing the 
1.35 kft resistor between pins 2 and 6) it is necessary to 
bypass the unused input, preventing degradation of gain 
and possible instabilities. This is done with a O.ljuF 
capacitor or a short to ground depending on the dc 
source resistance on the driven input. 

Bootstrapping 

The base of the output transistor of the LM390 is 
brought out to pin 9 for Bootstrapping. The output 
stage of the amplifier during positive swing is shown in 
Figure 3 with its external circuitry. 



FIGURE 3. 
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Application Hints (Continued) 


R1 + R2 set the amount of base current available to the 
output trarrsistor. The maximum output current divided 
by Beta is the value required for the current in R1 and 
R2: 


(R1 + R2) = P 0 


(Vs/2) - V 

l<~> MAX 


BE 


Good design values are V BE = 0.7V and j3 0 = 100. 


Example 0.8 WATT into 4£7 load with V s = 6V. 


I 


O MAX ~ 



= 632 mA 


/ (6/2) - 0.7\ 

(R1 + R2) = 100 = 364£2 

\ 0.632 / 


To keep the current in R2 constant during positive 
swing capacitor C B is added. As the output swings 
positive C B lifts R1 and R2 above the supply, main- 
taining a constant voltage across R2. To minimize the 
value of C B , R1 = R2. The pole due to C B and R1 and 
R2 is usually set equal to the pole due to the output 
coupling capacitor and the load. This gives: 



Example: for 100 Hz pole and R L = 4£2; C c = 400,uF 
and C B = 16/uF, if R1 is made a diode and R2 increased 
to give the same current, C B can be decreased by about 
a factor of 4, as in Figure 4. 

For reduced component count the load can replace R1. 
The value of (R1 + R2) is the same, so R2 is increased. 
Now C B is both the coupling and the bootstrapping 
capacitor (see Figure 2). 


Typical Applications (Continued) 


O.lfiF 



6V 
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National 

Semiconductor 


Audio/ Radio Circuits 


LM391 Audio Power Driver 


General Description 


Features 


The LM391 audio power driver is designed to drive 
external power transistors in 10 to 100 watt power 
amplifier designs. High power supply voltage operation 
and true high fidelity performance distinguish this 1C. 
The LM391 is internally protected for output faults and 
thermal overloads; circuitry providing output transistor 
protection is user programmable. 


High Supply Voltage 
Low Distortion 
Low Input Noise 
High Supply Rejection 


±30, ±40, or ±50V max 
0.01% 
3juV 
90 dB 


Gain and Bandwidth Selectable 
Dual Slope SOA Protection 
Shutdown Pin 


Equivalent Schematic and Connection Diagram 



Dual-1 n-Line Package 


+IN 

1 

TZ7 

IB 

— V 

-IN 

2 

15 

— v + 

COMPC — 

3 

14 

— SHUTDOWN 

RIPPLE C — 

4 

13 

1 LIMIT 

SINK 

5 

12 

SOA DIODE 

BIAS — 

6 

11 

— + SOA DIODE 

BIAS 

7 

10 

— + 1 LIMIT 

SOURCE — 

8 

9 

— OUTPUT SENSE 


Top View 

Order Number LM391N-60, LM391N-80, 
or LM391N-100 
See NS Package N16A 
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Absolute Maximum Ratings 


Supply Voltage 
LM391N -60 
LM391N -80 
LM391N - 100 
Input Voltage 


±30 V or +60 V 
±40 V or +80 V 
±50 V or +100 V 
Supply Voltage less 5 V 


Shutdown Current (Pin 14) 1mA 

Package Dissipation (Note 1) 1.39W 

Storage Temperature ~®$°C to +150°C 

Operating Temperature Q p Cto+70°C 

Lead Temperature (Soldering, 10 seconds), . +300°C 


Electrical Characteristics Ta = 25°C (The following are for V + = 90% VjyiAX and V" = 90% VMAX-) 


Parameter 

Conditions 

Min 

Typ 

Max 

Ur>its 

Quiescent Current 

current in pin 15 





LM391N -60 

o 

ii 

z 

> 


3 

10 

mA 

LM391N -80 



4 

8 

mA 

LM391N - 100 



5 

6 

mA 

Output Swing 

positive 

V + - 7 

V + - 5 


V 


negative 

V" + 7 

V~ + 5 


V 

Drive Current 

source (pin 8) 

5 



mA 


sink (pin 5) 

5 



mA 

Noise (20- 20 kHz) 

input referred 


3 


UV 

Supply Rejection 

input referred 

70 

90 


dB 

Total Harmonic Distortion 

f = 1 kHz 


0.01 


% 


f = 20 kHz 


0.10 

0.25 

% 

Intermodulation Distortion 

60 Hz, 7 kHz, 4:1 


0.01 


% 

Open Loop Gain 

f = 1 kHz 

1000 

5500 


v/v 

Input Bias Current 



0.1 

1.0 

A* A 

Input Offset Voltage 



5 

20 

mV 

Positive Current Limit VgE 

pin 10-9 


650 


mV 

Negative Current Limit VgE 

pin 9- 13 


650 


mV 

Positive Current Limit Bias Current 

pin 10 


10 

100 , 

AxA 

Negative Current Limit Bias Current 

pin 13 


10 

100 

ma 


Pin 14 Current Comments 

Minimum pin 14 current required for shutdown is 0.5 mA, and must not exceed 1mA. 

Maximum pin 14 current for amplifier not shut down is 0.05 mA. 

The typical shutdown switch point current is 0.2 mA. 

Note 1 : For operation in ambient temperatures above 25° C, the device must be derated based on a 150°C maximum junction tempera- 
ture and a thermal resistance of 90°C/W junction to ambient. 


Typical Applications 



Figure 1. LIVI391 with External Components — Protection Circuitry Not Shown 
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Typical Performance Characteristics 



±10 ±20 ±30 ±40 

SUPPLY VOLTAGE (VOLTS) 


Total Harmonic Distortion vs 
Frequency ( R|_ = 8H ) 


Total Harmonic Distortion vs 
Frequency ( R l = ) 



FREQUENCY (HERTZ) 



Open Loop Gain vs Frequency 


Input Referred Power Supply 
Rejection vs Frequency 


Total Harmonic Distortion vs 
AB Bias Current 


1 




Cc = 

5 pF 





V 





\ 






v 





A 



-C C = 5f 
1 Mn Rf 

F WITH 

A 

ESISTOR 

N 






\ 











l\J 


100 Ik 10k 100k 1M 10M 

FREQUENCY (HERTZ) 



20 50 100 200 500 Ik 2k 5k 10k 20k 

Cr = Cc FREQUENCY (HERTZ) 



AB BIAS CURRENT (MILLI AMPS) 


Pin Descriptions 


Pin No. 


Pin Name 


Comments 


1 

+ Input 

Audio input 

2 

- Input 

Feedback input 

3 

Compensation 

Sets the dominant pole 

4 

Ripple Filter 

Improves negative supply rejection 

5 

Sink Output 

Drives output devices and is emitter of AB bias Vbe multiplier 

6 

BIAS 

Base of Vbe multiplier 

7 

BIAS 

Collector of Vbe multiplier 

8 

Source Output 

Drives output devices 

9 

Output Sense 

Biases the 1C and is used in protection circuits 

10 

+ Current Limit 

Base of positive side protection circuit transistor 

11 

+ SOA Diode 

Diode used for dual slope SOA protection 

12 

^ - SOA Diode 

Diode used for dual slope SOA protection 

13 

- Current Limit 

Base of negative side protection circuit transistor 

14 

Shutdown 

Shuts off amplifier when current is pulled out of pin 

15 

v + 

Positive supply 

16 

V 

Negative supply 
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External Components (figure 1) 


Component 

Typical Value 

Comments 

C|N 

1 mf 

Input coupling capacitor sets a low frequency pole with R 1 1 \] . 

f L = — - — 

2ttR|nC|n 

Rin 

100k 

Sets input impedance and DC bias to input. 

Rf 2 

100k 

Feedback resistor; for minimum offset voltage at the output this should be equal 
to Rin- 

Rfi 

5.1k 

Feedback resistor that works with Rf 2 to set the voltage gain. 

Rf 2 

A V = 1 +- LL 

Rf i 

Cf 

10/iF 

Feedback capacitor. This reduces the gain to unity at DC for minimum offset 
voltage at the output. Also sets a low frequency pole with Rf-j. 

fL" 1 

- i 1 - i 

Cc 

5 pF 

Compensation capacitor. Sets gain bandwidth product and a high frequency pole. 

1 , GBW 

GBW = , fh = 

27t5000Cc a V 

Max fh for stable design « 500 kHz. 

Ra 

3.9k 

AB bias resistor. 

Rb 

10k 

AB bias potentiometer. Adjust to set bias current in the output stage. 

Cab 

0.1 juF 

Bypass capacitor for bias. This improves high frequency distortion and transient 
response. 

Cr 

5 pF 

Ripple capacitor. This improves negative supply rejection at midband and high 
frequencies. Cr, if used, must equal Cc- 

Reb 

10012 

Bleed resis^br. This removes stored charge in output transistors. 

Ro 

2.712 

Output compensation resistor. This resistor and Co compensate the output 
stage. This value will vary slightly for different output devices. 

co 

0.1 juF 

Output compensation capacitor. This works with Ro to form a zero that cancels 
fp of the output power transistors. 

Re 

0.312 

Emitter degeneration resistor. This resistor gives thermal stability to the output 
stage quiescent current. IRC PW5 type. 

Rth 

39k 

Shutdown resistor. Sets the amount of current pulled out of pin 14 during 
shutdown. 

c 2« C 2 

1000 pF 

Compensation capacitors for protection circuitry. 

X L 

1012 || 5 /iH 

Used to isolate capacitive loads, usually 20 turns of wire wrapped around a 1012, 

2 W resistor. 
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Application Hints 

GENERALIZED AUDIO POWER AMP DESIGN 

Givens: Power Output 

Load Impedance 
Input Sensitivity 
Input Impedance 
Bandwidth 

The power output and load impedance determine the 
power supply requirements. Output signal swing and 
current are found from: 

VQpeak = V2 Rl p O M) 


iQpeak “ 



( 2 ) 


Add 5 volts to the peak output swing (Vqp) for transis- 
tor voltage to get the supplies, i.e., ±{VoP + 5 V) at a 
current of l pea k- The regulation of the supply determines 
the unloaded voltage, usually about 15% higher. Supply 
voltage will also rise 10% during high line conditions. 


max supplies ±(Vopeak + 5M1 + reguiation)(1.1) (3) 

The input sensitivity and output power specs determine 
the required gain. 

, ., v> V P0RL - V °RMS , 4) 

^ V|N VinrmS 


Normally the gain is set between 20 and 200; for a 25 
watt, 8 ohm amplifier this results in a sensitivity of 
710mV and 71 mV, respectively. The higher the gain, 
the higher the THD, as can be seen from the character- 
istics curves. Higher gain also results in more hum and 
noise at the output. 

The desired input impedance is set by R||\j. Very high 
values can cause board layout problems and DC offsets 
at the output. The bandwidth requirements determine 
the size of Cf and Cc as indicated in the external 
component listing. 


The output transistors and drivers must have a breakdown 
voltage greater than the voltage determined by equation 
(3). The current gain of the driver and output device 
must be high enough to supply lOpeak with 5mA of 
drive from the LM391. The power transistors must be 
able to dissipate approximately 40% of the maximum 
output power; the drivers must dissipate this amount 
divided by the current gain of the outputs. See the 
output transistor selection guide, table A. 


To prevent thermal runaway of the AB bias current the 
following equation must be valid: 

Re(0min + D 


0JA s 


VCEQMAX< K > 


(5) 


where: 

0JA is the thermal resistance of the driver transistor, 
junction to ambient, in °C/W. 

RE is the emitter degeneration resistance in ohms. 

/3 m j n is that of the output transistor. 

VcEQMAX ' s the highest possible value of one 
supply from equation (3). 

K is the temperature coefficient of the driver base- 
emitter voltage, typically 2mV/°C. 

Often the value of Re is to be determined and equation 
(5) is rearranged to be: 

0JA (VCEQMAX* k (6) 

Re > 

P MIN + 1 


The maximum average power dissipation in each output 
transistor is: 


p DMAX = °- 4P OMAX 

The power dissipation in the driver transistor is: 

— p DMAX 

p DRIVER(MAX) =— (8) 

0MIN 


Heat sink 
formulas: 


requirements are found using the following 

, t jmax- t amax 


0JA<- 


P D 


0SA < 0JA - 0JC - 0CS 


(9) 

( 10 ) 


where: 

TjMAX ' s maximum transistor junction temperature. 
Tamax is maximum ambient temperature. 

0JA is thermal resistance junction to ambient. 

0SA i s thermal resistance sink to ambient. 

0JC is thermal resistance junction to case. 

0CS is thermal resistance case to sink, typically 
1°C/W for most mountings. 
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Application Hints (Continued) 

PROTECTION CIRCUITRY 

The protection circuits of the LM391 are very flexible 
and should be tailored to the output transistor's safe 
operating area. The protection V-l characteristics, 
circuitry, and resistor formulas are described below. The 
diodes from the output to each supply prevent the 
output voltage from exceeding the supplies and harming 
the output transistors. The output will do this if the 
protection circuitry is activated while driving an 
inductive load. 

TURN-ON DELAY 

It is often desirable to delay the turn-ON of the power 
amplifier so turn-ON pops in the preamplifier do not go 
to the speakers. 

This is easily implemented by putting a resistor in series 
with a capacitor from pin 14 to ground. The value of 


the resistor is set to limit the current to less than 1 mA 
(the absolute maximum). This resistor with the capacitor 
gives a time constant of RC. The turn-ON delay is 
approximately 2 time constants. 

Example: 

Amplifier with maximum supply of 30V, like the 
20 W, 8f2 example in the data sheet, requiring a delay 
of 1 second. 

Time delay = 2 RC 
Max V + 

R = 

1 mA 

So: 

R = 30k. Solving for C gives 16.7 iiF. Use C = 20 fif 
with a 30V rating. 



Protection Circuitry with External Components 



0 Vb Vm 

VCE 


Protection Characteristics 


Protection Circuit Resistor Formulas (Vb = V + ) 


Type of Protection 

r e, r ' e 

R 1* R 1 

r 2 , r 2 

r 3' r 3 

Current Limit 

0 

RE= it 

Not Required 

Short 

Not Required 

Single Slope SOA 
Protection 

0 

RE= it 

A/m - 0 X 

R1 ' R2 ( * ) 

1 kQ 

Not Required 

Dual Slope SOA 
Protection 
(V B = V+) 

0 1 

Re = 1l « 

r , = r,/ VM -^ 

1 kft 

CN 

oc 

u 

CO 

tr 

v+ il 

Rl r h 0 ; 

JL Re-0 ] 


Note: 0 is the current limit Vbe voltage, 650 mV. Assumptions: V + » 0, Vm » 0. V + is the load supply voltage. Vm is the 
maximum rated Vqe of the output transistors. 


10 


10-69 


LM391 






LM391 


Application Hints (Continued) 

TRANSIENT INTERMODULATION DISTORTION 

There has been a lot of interest in recent years about 
transient intermodulation distortion. Matti Otala of 
University of Oulu, Oulu, Finland has published several 
papers on the subject. The results of these investigations 
show that the open loop pole of the power amplifier 
should be above 20 kHz. 

To do this with the LM391 is easy. Put a 1 M£2 resistor 
from pin 3 to the output and the open loop gain is 
reduced to about 46 dB. Now the open loop pole is at 
30 kHz. The current in this resistor causes an offset in 
the input stage that can be cancelled with a resistor from 
pin 4 to ground. The resistor from pin 4 to ground 
should be 910k£2 rather than 1 M£2 to insure that the 
shutdown circuitry will operate correctly. The slight 
difference in resistors results in about 15 mV of offset. 
The 40 W, 8!T2 amplifier schematic shows the hookup, of 
these two resistors. 


BRIDGE AMPLIFIER 

A switch can be added to convert a stereo amplifier to a 
single bridge amplifier. The diagram below shows where 
the switch and one resistor are added. When operating 
in the bridge mode the output load is connected 
between the two outputs, the input is V||\] #1, and 
V 1 1 \| #2 is disconnected. 


Typical Applications (Continued) 


5.1k 100k 



OSCILLATIONS & GROUNDING 

Most power amplifiers work the first time they are 
turned on. They also tend to oscillate and have excess 
THD. Most oscillation problems are due to inadequate 
supply bypassing and/or ground loops. A 10/iF, 50 V 
electrolytic on each power supply will stop supply- 
related oscillations. However, if the signal ground is used 
for these bypass caps the THD is usually excessive. The 
signal ground must return to the power supply alone, as 
must the output load ground. All other grounds — 
bypass, output R-C, protection, etc., can tie together 
and then return to supply. This ground is called high 
frequency ground. On the 40W amplifier schematic all 
the grounds are labeled. 

Capacitive loads can cause instabilities, so they are 
isolated from the amplifier with an inductor and resistor 
in the output lead. 

AB BIAS CURRENT 

To reduce distortion in the output stage, all the tran- 
sistors are biased ON slightly. This results in class AB 
operation and reduces the crossover (notch) distortion 
of the class B stage to a low level, (see the curve on page 
10-70). The potentiometer, Rb, from pins 6—7 is ad- 
justed to give about 25 mA of current in the output 
stage. This current is usually monitored at the supply 
or by measuring the voltage across Re. 



Bridge Circuit Diagram 


Output Transistors Selection Guide 


Table A. 


Output Power 

Driver Transistor 

Output Transistor 

PNP 

NPN 

PNP 

NPN 

20W@8r2 

30 W @ 4 £2 

BD344 

BD345 

BD346 

BD347 

40W @ 8 12 
60W@4£2 

BD348 

BD349 

BD350 

BD351 
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Application Hints (Continued) 

A 20W, 8 £2; 30 W, 4 £2 AMPLIFIER 


Solving for Cf: 


Power output 

Input Sensitivity 
Input Impedance 
Bandwidth 

Equations (1) and (2) give: 


20 W into 8 12 
30 W into 4 £2 


20 Hz -20 kHz ± 0.25 dB 


20W/8£2 V 0P = 17.9 V IoP = 2.24A 

30W/4£2 V 0P = 15.5 V l 0 P = 3.87A 

Therefore the supply required is: 

±23 V @ 2.24 A, reducing to . . . 

±21 V@ 3.87 A 

With 15% regulation and high line we get ±29 V from 
equation (3). 

Sensitivity and equation (4) set minimum gain: 


A V ^ ■ 2 -" X 8 = 12.65 
1 


Cf > = 7.8 /iF; use 10 /iF 

27rR f1 f L 

The recommended value for Cq is 5pF for gains of 20 
or larger. This gives a gain-bandwidth product of 6.4 MHz 
and a resulting bandwidth of 320 kHz, better than 
required. 

The breakdown voltage requirement is set by the maxi- 
mum supply; we need a minimum of 58 V and will use 
60 V. We must now select a 60 V power transistor with 
reasonable beta at lOpeak, 3.87 A. The National BD346, 
BD347 complementary pair are 60 V, 60 W transistors 
with a minimum beta of 30 at 4 A. The driver transistor 
must supply the base drive given 5 mA drive from the 
LM391. The National BD344, BD345 complementary 
driver transistors are 60 V devices with a minimum beta 
of 40 at 200 mA. The driver transistors should be much 
faster (higher fj) than the output transistors to insure 
that t h a nn thp output will orevent instability. 

To find the heat sink required for each output transistor 
we use equations (7), (9), and (10): 

Pq = 0.4 (30) = 12 W (7) 


We will use a gain of 20 with resulting sensitivity of 
632 mV. 

Letting R|(\| aqual 100k gives the required input imped- 
ance. For low DC offsets at the output we let Rf 2 = 
100k. Solving for Rf-j gives: 

Rf 2 = 100k 

Rf 1 =- 10Qk = 5.26k; use 5.1k 
1 20-1 

The bandwidth requirement must be stated as a pole, 
i.e., the 3dB frequency. Five times away from a pole 
gives 0.1 7 dB down, which is better than the required 
0.25 dB. Therefore: 


OjA < 150 ^ 55 ° = 7.9°C/W for TamaX = 55 ° C < 9 ) 


0SA < 7.9 - 2.1 - 1.0 = 4.8°C/W 


If both transistors are mounted on one heat sink the 
thermal resistance should be halved to 2.4°C/W. 

The maximum average power dissipation in each driver 
is found using equation (8) : 


PDRIVER(MAX) =— = 400 mW 


f L =-25.= 4 Hz 
5 

fh = 20kx5 = 100 kHz 


Using equation (9): 

^ JA < l 55 : 5 g = 237°C/W 
0.4 
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Application Hints (Continued) 

Since the free air thermal resistance of the National 
BD344, BD345 is 100°C/W < no heat sink is required. 
Using this information and equation (6) we can find the 
minimum value of Re required to prevent thermal 
runaway. 

100(30) (0.002) = 0 i 9n ,6) 

30+1 

We must now use the SOA data on the National BD346, 
BD347 transistors to set up the protection circuit. 
Below is the SOA curve with the 4 £2 and 8 £2 load lines. 
Also shown are the desired protection lines. Note the 
value of V(3 is equal to the supply voltage, so we use the 
formulas in the table. 


D.C. SOA of BD346,BD347 
Transistors 



0 10 20 30 40 50 60 


V C E (VOLTS) 

Figure Y. 


The data points from the curve are: 

Vm = 60V, Vb = 23V, l|_ = 3 A, I'l = 7 A 


Using the dual slope protection formulas: 

r e =M!L 0.22 £2 

3 


R 2 = Ik 

Rl = 1k( 60 ~ 9 - - 6 . 5 -) ^ 9i k 
0.65 


R3= Ik 


23 


7(0.22) -0.65 


-- 1 ) 


24k 


Note that an Re of 0.22 £7 satisfies equation (6). The 
final schematic of this amplifier is below. If the output is 
shorted the current will be 1.8 A and Vqe is 23 V. Since 
the input is AC, the average power is: 


short Pd = % (1.8) (23) ~21 W 


This power is greater than was used in the heat sink 
calculations, so the transistors will overheat for long- 
duration shorts unless a larger heat sink is used.. 


Typical Applications (Continued) 



20 W-8 £7, 30W-4 £7 Amplifier with 1 Second Turn-ON Delay 
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Application Hints (Continued) 

A 40W/812, 60W/4S2 AMPLIFIER 

Given: 

Power Output 

Input Sensitivity 
Input Impedance 


40W/8ft 
60 W/4 £2 


20Hz-20kHz±0.25dB 


Equations (1) and (2) give: 

40W/8S2 V 0p eak = 25.3 V lOpeak = 3.16 A 

60 W/4 O V 0p eak = 21.9 V lOpeak = 5.48 A 

Therefore the supply required is: 

±30.3 V @ 3.16 A, reducing to .. . 

±26.9 V 5./10 a 

With 15% regulation and high line we get ±38.3 V using 
equation (3). 

The minimum gain from equation (4) is: 

Av> 18 

We select a gain of 20; resulting sensitivity is 900 mV. 

The input impedance and bandwidth are the same as the 
20 watt amplifier so the components are the same. 

Rfj = 5.1k R IN = 1 00k Cc = 5pF 

Rf 2 = 100k Cf = lOjuF 


Since a heat sink is required on the driver, we should 
investigate the output stage thermal stability at the same 
time to optimize the design. If we find a value of Re 
that is good for the protection circuitry, we can then use 
equation (5) to find the heat sink required for the 
drivers. 


The SOA characteristics of the National BD350, BD351 
transistors are shown in the following curve along with a 
desired protection line. 


SOA BD350, BD351 




10 20 30 40 50 60 70 


The desired data points are: 

Vjyj = 80 V V B = 47V I l = 3 A I j_ = 1 1 A 

Since the break voltage is not equal to the supply, we 
will use two resistors to replace R 3 and move V B . 


The maximum supplies dictate using 80 V devices. The 
National BD350, BD351 pair are 80 V, 160W transistors 
with a minimum beta of 40 at 2 A and 20 at 6 A. This 
corresponds to aminimum beta of 22.5 at 5.5 A Oopeak)- 
The National BD348, BD349 driver pair are 80 V transis- 
tors with a minimum beta^of 50 at 250 mA. This output 
combination guarantees lOpeak with 5mA from the 
LM391 . 

Output transistor heat sink requirements are found using 
equations (7), (9), and (10): 

PD= 0.4(60) = 24 W (7) 

0JA 55 = 6.0°C/W for TamaX = 55 ° c (9) 



Circuit Used 


0SA<6.O- 1.1 - 1.0 = 3.9°C/W (10) 

For both output transistors on one heat sink the thermal 
resistance should be 1.9°C/W. 

Now using equation ( 8 ) we find the power dissipation 
in the driver: 


^DRIVER =— = 1-2W 
20 


0 — 


WHERE: RTH 3 R£ll 


fljA<- 5 ° 55 = 79°C/W 

1.2 


Thevenin Equivalent 
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Application Hints (Continued) 

The formulas for R. E/ R-j, and R2 do not change: 


R E =^_= 0.2212 
3 A 


R2= Ik 


R 1 = Ik 


80 - 0.65 
0.65 


= 120k 


The formula for R3 now gives Rjh when the V + in the 
formula becomes V E . 


R T H = R2 


= Ik 


V B 


|'l r e-0 

47 


-- 1 


11 (0.22) -0.65 


-- 1 


= 25.55k 


Vjh is the additional voltage added to the supply 
voltage to get V E . 

V TH = ”(Vb - V + ) = -(47 - 30) = -17 V 
A B 

Now we must find Rg and Rg using the Thevinen 
formulas. Putting Vjh, V"", and Rjh into the appro- 
priate formulas reduces to: 

R3 = 0-76 Rg and 25.55k = Rg II Rg 


The^ easiest way to solve these equations is to iterate 
witli standard values. If we guess Rg = 62k, then Rg = 
47.12k; use 47k. The Thevin impedance comes out 
26.7k, which is close enough to 25.55k. 

Now we will use equation (5) to determine the heat 
sinking requirements of the drivers to insure thermal 
stability: 


022 ( 20 + 1 ) 
40 (0.002) 


57°C/W 


(5) 


This value is lower than we got with equation (9), so we 
will use it in equation (10): 

0SA<57- 6- 1 = 50°C/W (10) 

This is the required heat sink for each driver. For low 
TIM we add the 1 M12 resistor from pin 3 to the output 
and a 910k resistor from pin 4 to ground. The complete 
schematic is on page 1 1. 

If the output is shorted, the transistor voltage is about 
28 V and the current is 5 A. Therefore the average power 
is: 


short Pd = ’/z (28) 5 = 70W 

This is much larger than the power used to calculate the 
heat sinks and the output transistors will overheat if the 
output is shorted too long. 


Typical Applications (Continued) 



40 W-8 12, 60 W-4 12 Amplifier 






National 

Semiconductor 


Audio/Radio Circuits 


LM1035 Dual DC Operated Tone/Volume/Balance Circuit 


General Description 

The LM1035 is a DC controlled tone (bass/treble), volume 
and balance circuit for stereo applications in car radio, TV 
and audio systems. An additional control input allows 
loudness compensation to be simply effected. 

Four control inputs provide control of the bass, treble, 
balance and volume functions through application of DC 
voltages from a remote control system or, alternatively, 
from four potentiometers which may be biased from a 
zener requlated supply provided on the circuit. 

Each tone response is defined by a single capacitor 
chosen to give the desired characteristic. 


Features 

■ Wide supply voltage range, 8V to 18V 

■ Large volume control range, 80 dB typical 

■ Tone control, ± 15 dB typical 

■ Channel separation, 75 dB typical 

■ Low distortion, 0.05% typical for an input level of 1 Vrms 

■ High signal to noise, 80 dB typical for an input level 
of 1 Vrms 

■ Few external components required 


Block and Connection Diagram 


Dual-ln-Line Package 



TOP VIEW 


10 
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Absolute Maximum Ratings 

Supply Voltage 20V 

Control Pin Voltage (Pins 4, 7, 9, 12, 14) V cc 

Operating Temperature Range 0°Cto +70°C 

Storage Temperature Range -65°Cto +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics v cc = 12V, t a = 25°c (unless otherwise stated) 


Parameter 

Conditions 

Min 

Typ 


Units 

Supply Voltage Range 

Pin 11 

8 


18 

V 

Supply Current 

Zener Regulated Output 

Pin 17 


35 

' 45 

mA 

Voltage 

! 


5.4 


V 

Current 

1 



5 

mA 

Maximum Output Voltage 

Pins 8, 13; f = 1 kHz 

V CC = 8V 


1.3 


Vrms 


< 

o 

o 

II 

ro 

< 

2 

2.5 


Vrms 


V cc = 18V 


3.5 


Vrms 

Maximum Input Voltage 

| Pins 2, 19; f = 1 kHz 

2 

2.5 


Vrms 

(Note 1) 

Flat Response 





Input Resistance 

j • Pins 2, 19; f = 1 kHz 

20 

30 


kfi 

Output Resistance 

Pins 8, 13; f = 1 kHz 


20 


n 

Maximum Gain 

| V(Pin 12) = V(Pin 17); 
f = 1 kHz 

-2 

0 

2 

dB 

' 

Volume Control Range 

f = 1 kHz 

70 

80 


d.B 

Gain Tracking. 

f = 1 kHz 

0 dB through - 40 dB 


1 

3 

dB 


- 40 dB through - 60 dB 


2 


dB 

Balance Control Range 

Pins 8, 13; f = 1 kHz 

■ 

+ 1 


dB 




-26 

-20 

dB 

Bass Control Range 

f = 40 Hz, C b = 0.39 /iF 





(Note 2) 

V(Pin 14) = V(Pin 17) 

12 

1 15 

18 

dB 


V(Pin 14) = 0V 

-12 

-15 

-18 

dB 

Treble Control Range 

f = 16 kHz, C t = 10 nF 





(Note 2) 

V(Pin 4) = V(Pin 17) 

12 

15 

18 

dB 


V(Pin 4) = 0V 

-12 

-15 

-18 

dB 

Total Harmonic Distortion 

f = 1 kHz, Vj = 1 Vrms, 

Maximum Gain 


0.05 

0.2 

. % 

Channel Separation 

f = 1 kHz, Maximum.Gain 


75 


dB 

Signal/Noise Ratio 

Unweighted 100 Hz-20 kHz 
Maximum Gain, 0 dB = 1 Vrms 
CCIR/ARM (Note 3) 


80 


dB 


Gain = 0dB 

76 

80 


dB 


Gain= -20 dB 


64 


dB 

Output Noise Voltage at 
Minimum Gain 

CCIR/ARM (Note 3) 


25 

1 

35 

/xV 

Supply Ripple Rejection 

200 mVrms, 1 kHz Ripple 


40 


dB 

Control Input Currents 

Pins 4, 7,9, 12, 14(V = 0V) 


-0.6 

-2.5 

/xA 

Frequency Response 

- 1 dB (Flat Response 

20 Hz-16 kHz) 


250 


kHz 


Note 1: The maximum permissible input level is dependent on tone and volume settings. See Application Notes. 
Note 2: The tone control range is defined by capacitors Cb and C{. See Application Notes. 

Note 3: Measured with a CCIR filter with a 0 dB level at 2 kHz and an average responding meter. 
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LM1035 


Application Notes 

TONE RESPONSE 

\ 

The maximum boost and cut can be optimized for in- 
dividual applications by selection of the appropriate 
values of C t (treble) and C b (bass). 


The tone responses are defined by the relationships: 


Bass Responses 


^ 0.00065 (1-a b ) 

j<«>C b 

0.00065a b 
1 + - 
jo)C b 


Treble Responses 


1 + jco5500 (1-3j) Cj 
1 + jco5500a t C t 


Where a b =a t = 0 for maximum bass and treble boost 
respectively and a b = a t =1 for maximum cut. 


For the values of C b and C t of 0.39/xF and 0.01 n F as shown 
in the Application Circuit, 15 dB of boost or cut is obtained 
at 40 Hz and 16 kHz. 


ZENER VOLTAGE 

A zener voltage (pin 17 s 5.4V) is provided which may be 
used to bias the control potentiometers. Setting a DC level 
of one half of the zener voltage on the control inputs, 
pins 4, 9, and 14, results in the balanced gain and flat 
response condition. Typical spread on the zener voltage is 
±100 mV and this must be taken into account if control 
signals are used which are not referenced to thezener volt- 
age. If this is the case, then they will need to be derived 
with similar accuracy. 


LOUDNESS COMPENSATION 

A simple loudness compensation may be effected by ap- 
plying a DC control voltage to pin 7. This operates on the 
tone control stages to produce an additional boost limited 
by the maximum boost defined by C b and C t . There is no 
loudness compensation when pin 7 is connected to pin 17. 
Pin 7 can be connected to pin 12 to give the loudness com- 
pensated volume characteristic as illustrated without the 
addition of further external components. (Tone settings 
for flat response. C b and C t as given in Application Circuit.) 
Modification to the loudness characteristic is possible by 
changing the capacitors C b and C t for a different basic 
response or, by a resistor network between pins 7 and 12 
for a different threshold and slope. 

SIGNAL HANDLING 

The volume control function of the LM1035 is carried out in 
two stages, controlled by the DC voltage on pin 12, to im- 
prove signal handling capability and provide a reduction 
of output noise level at reduced gain. The first stage is 
before the tone control processing and provides an initial 
15 dB of gain reduction so ensuring that the tone sections 
are not overdriven by large input levels when operating 
with a low volume setting. Any combination of tone and 
volume settings may be used provided the output level 
does not exceed 2 Vrms, V CC = 12V (1 Vrms, V CC = 8V). At 
reduced gain (< -15 dB) the input stage will overload if 
the input level exceeds 2 Vrms, V CC = 12V (1 Vrms, 
V cc = 8V). As there is volume control on the input stages, 
the inputs may be operated with a lower overload margin 
than would otherwise be acceptable, allowing a possible 
improvement in signal to noise ratio. 


Application Circuit 
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Simplified Schematic Diagram (One Channel) 
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National 

Semiconductor 


Audio/ Radio Circuits 

PRELIMINARY 


LM1037 Dual Four-Channel Analog Switch 


General Description 


The LM1037 is a dual, electronically controlled, four- 
channel analog switch with an internal muting facility. 

Its features make it ideal for stereo source selection in 
audio equipment and for use in a wide range of industrial, 
automotive, multiplexing or sampling applications. 

An additional pin is included to allow parallel connection 
of two or more integrated circuits. 


Features 

■ Wide supply voltage range 

■ Low distortion, 0.04% typical 

■ Low noise, typically 5 /xV 

■ High input impedance 

■ Low output impedance 

■ TTL compatible 

■ Very low control current 

■ Maximum control voltage independent of supply 
(up to 50V) 







Absolute Maximum Ratings 

Supply Voltage 32V 

Operating Temperature Range - 20°C to + 70°C 

Storage Temperature Range - 65°C to + 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics v s = 12 V, t a = 25 °c 


— 

Parameter 

Conditions 

Min 

Typ 

Max 

— 

Units 

Supply Voltage Range 


5 


28 

v 

Supply Current 

V SUPPLY= “12V 


6.4 

8.5 

mA 


V SUPPLY = 30V 


10 

12 

mA 

Voltage Gain 


-0.5 

0 

0.5 

dB 

Signal Handling (Note 1) 

v supply = ' | 2V 

2.8 

2.9 

3.0 

Vrms 

Distortion THD 

v signal =1 Vrms @ 1 kHz 


0.04 

0.1 

% 

Noise Voltage at Output 

CCIR/ARM R s = 2k 


5 

15 

/.V 

Channel Separation (Note 2) 

^signal = 1 Vrms @ 1 kHz 


-95 


dB 

Relative Output in Muted State 

v signal=1 Vrms @ 1 kHz 


-90 


dB 


Note 1: The instantaneous maximum voltage difference between any two input pins of one channel is 9.6V. Voltages in excess of this level may cause in- 
creased distortion and degraded channel separation. 


Typical Performance Characteristics 


Supply Current vs Supply 
Voltage 


Supply Current vs 
Temperature 


Signal-to-Noise vs 
Temperature (Note 2) 



0 10 20 30 40 

SUPPLY VOLTAGE (V) 



0 10 20 30 40 50 60 70 80 

AMBIENT TEMPERATURE (°C) 



0 10 20 30 40 50 60 70 80 

AMBIENT TEMPERATURE (°C) 


Signal-to-Noise vs Source 
Impedance (Note 2) 


Channel Separation vs 
Frequency (Note 3) 


Attenuation of Unselected 
Inputs vs Frequency 



0.1 1 10 100 Ik 

SOURCE IMPEDANCE (kfl) 




0.1 1 10 100 Ik 0.1 1 10 100 Ik 

FREQUENCY (kHz) FREQUENCY (kHz) 
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Typical Performance Characteristics (Continued) 


Total Harmonic Distortion 
vs Frequency 


SUPPLY VOLTAGE =12V 



VSIGNAL 

= 1UU 

mv 
















































0.01 0.1 1 10 100 
FREQUENCY (kHz) 


Signal Handling vs 
Frequency (Note 5) 



1 10 100 1000 
FREQUENCY (kHz) 


Typical Application 


Total Harmonic Distortion Total Harmonic Distortion 

vs Frequency vs Frequency 



0.1 1 10 100 
FREQUENCY (kHz) 



0.1 1 10 100 
FREQUENCY (kHz) 


Note 2: Signal-to-noise measurement referred to a 1 Vrms input signal bandwidth to CCIR/ARM specifica- 
tions. 

Note 3: The level of output signal of a selected undriven amplifier with respect to the output level of a selected 
driven amplifier. For test purposes, signal is applied to only one input and all other inputs are decoupled to 
eliminate stray pick-up through external components. Channel separation is then defined as the ratio of signal 
levels of the two output pins. 

Note 4: For test purposes, signals are connected to three unselected input pins of one channel group and all 
other inputs are decoupled to eliminate stray pick-up through external components. 

Note 5: Supply voltage 12V; signal handling defined at 1 % distortion. 


CONTROL INPUTS 
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Truth Tables 


LM1037 


Channel selection is achieved by the application of DC voltages to the control pins. 



Inputs Switched to Output Pins | 

I7P Channel 

1A 

2A 

IB 

2B 

1C 

2C 

ID 

2D 

Mute Control 

Pin No. 

2 

4 

6 

8 

11 

13 

17 

15 

12 

1 

Vl 

Vl 




Vh 

v L 

v L 

v L 

Decontrol 3 
Conditions 

Vl 

Vl 




V l 

v H 

V H 

v L 

(Pins) 16 

Vh 

v H 




Vl 

V L 

, V L 

V L 

18 

Vl 

v L 




■ 

v L 

V L 

V l 

Output Pin 

10 

9 

10 

9 

10 

9 

10 

9 

9 and 10 

Output 

O/PI 

0/P2 

O/PI 

0/P2 

O/PI 

0/P2 

O/PI 

0/P2 



Low switchinq level (V| )<0.8V 

High switching level (Vh)> 2.0V and up to 50V 


SWITCHING SPEED 
VERTICAL 2V/DIV 
HORIZONTAL 2 /iS/DIV 



CONTROL PULSE PIN 18 

OUTPUT RESPONSE 


2 DEVICES CONNECTED IN PARALLEL 


To increase the channel switching capacity, two or more devices can be connected together by the direct coupling of 
the mute inhibit pin 7 and the output pins 9 and 10. Only one output capacitor is required for each common output. 



Inputs Switched to Output Pins | 

I/P Channel 

1A 2A 

F1»T:1 

1C 2C 

H»T»1 

1A 2A 



ID 2D 

Mute 

Pin No. 

2 4 

6 8 



2 4 

6 8 

11 13 

17 15 

12 12 

1 

v L 

v L 

V H 

V L 

V L 

Vl 

V L 

V L 

V L 

3 

Vl 

V L 

V L 

Vh 

Vl 

Vl 

V L 

V l ' 

V l 

16 

V H 

v L 

v L 

V l 

V L 

V l 

v L 

v L 

V l 

Decontrol 

finnriitinn<; 

v L 

V H 

Vl 

Vl 

Vl 

Vl 

Vl 

V L 

Vl 

VUIIUIllvllO 

(Pins) 1 


Vl 

Vl 

HI 

mm 



mm 


3 

■ 

Vl 

mm 

mm 

KH 





16 

1 

n 

1 

I 




IH 


18 

mm 

mm 

mm 

mm 

Warn 



mm- 


Output Pins 




KMM 

KliGi 


10 9 

10 9 

10 9 


10 
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National 

Semiconductor 


Audio/ Radio Circuits 

PRELIMINARY 


LM1038 Dual Four-Channel Analog Switch 

i 


General Description 

The LM1038 is a dual, electronically controlled, four- 
channel analog switch with an internal muting facility. 

Its features make it ideal for stereo source selection in 
audio equipment and for use in a wide range of industrial, 
automotive, multiplexing or sampling applications. 

An additional pin is included to allow parallel connection 
of two or more integrated circuits. Channel selection is 
achieved via two logic data pins with clock enabled 
latches. 


Features 

■ Wide supply voltage range 

■ Low distortion, 0.04% typical 

■ High input impedance 

■ Low output impedance 
B TTL compatible 

■ Very low control current 

■ Maximum control voltage independent of supply 
(up to 50V) 

■ 2 control pins accept BCD input pulses 

■ Clock enable input may be strobed from a bus 


Block Diagram 


AUDIO 

INPUTS 


BIAS 
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LM1038 


Absolute Maximum Ratings 

SupplyVoltage 32V 

Operating Temperature Range - 20°C to + 70°C 

Storage Temperature Range - 65°C to + 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics v s = i 2 v, t a = 25 c 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Supply Voltage Range 


5 


28 

V 

Supply Current 

V SUPPLY= 12V 


14 


mA 


^SUPPLY = 30 V 


20 


mA 

Voltage Gain 


-0.5 

0 

0.5 

dB 

Signal Handling (Note 1) 

v supply = 12V 

2.8 

2.9 

3.0 

Vrms 

Distortion THD 

Vsignal = ^ Vrms @ 1 KHz 


0.04 

0.1 

% 

Noise Voltage 

CCIR Filter, R s = 2k 


5 

15 


Channel Separation 

V SIGNAL=1 Vrm S @ 1 kHz 


-95 


dB 

Relative Output in Muted State 

Vsignal =1 Vrms @ 1 kHz 


-90 


dB 


Note 1: The instantaneous maximum voltage difference between any two input pins of one channel is 9.6V. Voltages in excess of this level may cause in- 
creased distortion and degraded channel separation. 

Truth Tables 


LM1038 


Logic Inputs 

Mute 

Stereo Channel Selected | 

Pin 3 

Pin 16 

Pinl 

9 (Pin) 

10 (Pin) 

V L 

V L 

V L 

2D (15) 

ID (17) 

Vl 

Vh 

V l 

2A (4) 

1A(2) 

Vh 

V l 

V l 

2B (8) 

IB (6) 

v H 

V h 

V L 

2C (13) 

1C (11) 

X 

X 

1 

Mute— DC Output Bias Only | 


Logic level, Vl<0.8V 

Logic level, Vh >2.0V and up to 50V 


2 DEVICES CONNECTED IN PARALLEL 

To increase the channel switching capacity, two or more devices may be connected together by the direct coupling of 
the mute inhibit pin 7 and the output pins 9 and 10. Only one Output capacitor is required for each common output. 


Logic Inputs 

Mute 

Channels 

Device 1 

Device 2 

Device 1 


Selected 

£2HEHH 

Pin 6 

Pin 3 

Pin 16 

Pinl 

Pinl 

Pin 9 

Pin 10 1 







Device 1 | 

Vl 

V L 

X 

X 

V L 


2D (15) 

ID (17) 

Vl 

V h 

X 

X 

V l 


2A (4) 

1 A (2) 

V h 

V l 

X 

X 

Vl 


2B (8) 

IB (6) ' 

V h 

V h 

X 

X 

V l 


2C (13) 

1C (11) 







Device 2 

X 

X 

V L 

v L 

V h 

V L 

2D (15) 

ID (17) i 

X 

X 

Vl 

V H 

Vh • 

Vl 

2A (4) 


X 

X 

Vh 

V l 

V H 

Vl 

2B (8) 

1 

X 

X 

V h 

V h 

V h 

V l 

2C (13) 


X 

X 

X 

X 

V h 

V h 

Mute— DC Output 

Bias Only 
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National 

Semiconductor 


Audio/Radio Circuits 


LM1112A/LM1112B/LM1112C 

Dolby B-Type Noise Reduction Processor 


General Description 

The LM1112 is a monolithic integrated circuit specifically 
designed to realize the Dolby B-type noise reduction 
system. 

It is a replacement for the LM1111 and the Signetics 
NE-645/648 but with improved performance figures. 


Features 

■ Very high signal/noise ratio, 74 dB encode (CCIR/ARM) 

■ Wide supply voltage range, 6V to 20V 

■ Very close matching to standard Dolby characteristics 

■ Audible switch-on transients greatly reduced 

■ Improved temperature performance 

■ Reduced number of precision external components 

■ Improved transient stability 

■ Input protection diodes 


Available only to licensees of Dolby Laboratories Licensing Corporation, San Francisco, from whom licensing and application information must be 
obtained. 

Dolby and the double-D symbol are trademarks of Dolby Laboratories Licensing Corporation. 


Schematic Diagram 
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Absolute Maximum Ratings 

Supply Voltage 

Operating Temperature Range 

StorageTemperature Range 

Lead Temperature (Soldering, 10 seconds) 


24V 

- 20°Cto + 70°C 
- 65°Cto + 150°C 
300°C 


Electrical Characteristics V s = 12 V, T A = 25°C. N.B. O dB refers to Dolby level which is 580 mVrms at pin 3. 


Parameter 

Conditions 

| LM1112A 

1 LM1112B 

| LM1112C i 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Supply Voltage Range 


6 


20 

6 


20 

6 


20 

V 

Supply Current 

Voltage Gain 



15 

20 


15 

20 


15 

20 

mA 

(Pin 5-3) 

1 kHz Pins 6 and 2 

24.5 

25.5 

26.5 

24.5 

25.5 

26.5 

24 

25.5 

27 

dB 


Ponnopforl 











(Pin 5-6) 

1 kHz Pin 6 Open 


14.7 



14.7 



14.7 


dB 

(Pin 3-7) 

1 kHz (Noise 

Reduction Out) 

-0.5 

0 

0.5 

-0.5 

0 

0.5 

-1 

0 

1 

dB 

Distortion 

1 kHz, 0 dB 


0.03 

0.1 



0.1 


0.03 

0.1 

% 


10 kHz, + 10 dB 


0.2 

0.3 


0.2 

0.3 


0.2 

0.3 

% 

Signal Handling 

1 kHz, 0.3% Distortion 
V s = 6V 


8.5 



8.5 



8.5 


dB 


V s = 12V 

13 

15.5 


13 

15.5 


13 

15.5 


dB 


V s = 18V 


19 



19 



19 


dB 

Signal/Noise Ratio 

Pins 6 and 2 











at Pin 7 

Encode Mode 
(CCIR/ARM) 

Connected 











NR In 

R s = 10k 

71.5 

74 


71 

74 


70 

74 


dB 


R s = Ik 


77 



77 



77 


dB 

NR Out 

R s = 10k 


83 



83 



83 


dB 

Decode Mode 
(CCIR/ARM) 

R s = 10k 


83 



83 



83 


dB 

Encode Characteristics 

Input to Pin 5 

10 kHz, 0 dB 

0 

0.5 

1.0 

-0.2 

0.5 

1.2 

-0.5 

0.5 

1.5 

dB 


1.3 kHz, -20 dB 

-16.2 

-15.7 

-15.2 

-16.7 

-15.7 

-14.7 

-17.2 

-15.7 

-14.2 

dB 


5 kHz, -20 dB 

-17.3 

-16.8 

-16.3 

-17.8 

-16.8 

-15.8 

-18.3 

-16.8 

-15.3 

dB 


3 kHz, - 30 dB 

-21.7 

• -21.2 

-20.7 

-22.2 

-21.2 

-20.2 

-22.7 

-21.2 

-19.7 

dB 


5 kHz, - 30 dB 

-22.3 

-21.8 

-21.3 

-22.8 

-21.8 

-20.8 

-23.3 

-21.8 

-20.3 

dB 


10 kHz, -30 dB 

-24.0 

-23.5 

-23.0 

-24.5 

-23.5 

-22.5 

-25.0 

-23.5 

-22.0 

dB 


10 kHz, - 40 dB 

-30.1 

-29.6 

-29.1 

-30.3 

-29.6 

-28.9 

-30.6 , 

-29.6 

-28.6 

dB 

Input Resistance 

Pin 5 

50 

65 

80 

50 

65 

80 

50 

65 

80 

kO 


Pin 2 

4.3 

5.6 

6.9 

4.3 

5.6 

6.9 

4.3 

5.6 

6.9 

kfi 

Output Resistance 

Pin 6 

1.8 

2.4 

3.0 

1.8 

2.4 

3.0 

1.8 

2.4 

3.0 

kfi 


Pin 3 


30 

45 


30 

45 


30 

45 

0 


Pin 7 


30 

45 


30 

45 


30 

45 

, n 

PSRR 

f = 120 Hz 


40 



40 





dB 

Load Impedance 












Pin 3' 


5 



5 



5 




Pin 7 


5 



5 



5 
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LM1112A/LM1112B/LM1112C 


Typical Performance Characteristics 


Signal/Noise Ratio vs Source Impedance 
Encode Mode (CCIR/ARM) 


Gain vs Frequency (NR OFF) 
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Source Impedance (Q) 


10 

Frequency (KHz) 


Total Harmonic Distortion— 0 dB Level 


Total Harmonic Distortion— +10 dB Level 





Frequency (KHz) > 


Frequency (KHz) 


Back to Back Response Error vs Frequency and 
Supply Voltage (Standard Dolby Encoder) 
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Back to Back Response vs Frequency and 
Temperature (Encoder Temperature 25°C) 



Frequency (KHz) 


Frequency (KHz) 





Typical Performance Characteristics (Continued) 



6 8 10 12 14 16 18 20 

Supply Voltage (V) 



6 8 10 12 14 16 18 20 

Supply Voltage (V) 


'■a 

> 

E 

o 

LD 



TRANSIENT RESPONSE TO ABRUPT LEVEL CHANGE (Measured at P7) 


(a) Encode (f = 5 kHz) 


(b) Encoded and Decoded (f = 5 kHz) 


lOOmS/div 


lOOmS/div 


TRANSIENT RESPONSE TO ABRUPT FREQUENCY CHANGE (Measured at P7) 



(a) Encode (-20 dB) 


(b) Encoded and Decoded ( - 20 dB) 


lOOmS/div 


lOOmS/div 
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LM1112A/LM1112B/LM1112C 


ELECTRICAL NOISE REDUCTION SWITCH 

In place of the normal mechanical noise reduction on/off 
switch, the circuit below is often used to permit electrical 
NR control. When using this circuit, the following points 
should be noted: 

1. Signal boost is reduced by increasing DC voltage on 
Pin 14 (see curve). A voltage of approximately 3V is ade- 
quate to achieve NR OFF. 

2. Supply current may be significantly increased by high 
pin 14 forced voltages. Values for V and R should thus be 
chosen such that pin 14 voltage is 3V-4V. 


3. When electrical NR switching is used, signal level is 
slightly affected by the minimum value of the internal 
variable impedance. (At 10 kHz-10 dB, a residual boost of 
approximately 0.4 dB remains.) This is not the case for 
mechanical NR switching. 



Note 1: Where not otherwise specified, component tolerances are ± 10%. 


Signal Boost vs Pin 14 Control Voltage Supply Current vs Pin 14 Control Voltage 

(Encode, 10 kHz) (V s = 12V) (Encode, 10 kHz) 
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Test Circuit (Encode) 




Note 1: 1 nF capacitors from pin 3 and pin 7 to ground may be required on older devices. 

Note 2: Where not otherwise specified, component tolerances are ± 10%. 

Note 3: For LM1112AN use 2% components for C304, R303, R305. (5% components may cause errors up to ± 0.3 dB.) 


Connection Diagram 


Dual-ln-Line Package 


VARIABLE 
IMPEDANCE 
INPUT 
AMPLIFIER B 
INPUT 

AMPLIFIER B 
OUTPUT 

BIAS 

AMPLIFIER A 
INPUT 
AMPLIFIER A 
OUTPUT 
AMPLIFIER EK 
OUTPUT 

DECOUPLING 


Order Number LM1112AN, LM1112BN 
or LM1112CN 
See NS Package N16E 
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LM1121A/LM1121B/LM1121C 



National 

Semiconductor 


Audio/Radio Circuits 

PRELIMINARY 



LM1121 A/LM1121 B/LM1121C Dolby B-Type Noise Reduction 
Processor with DC Switching 


General Description 

The LM1121 is a monolithic integrated circuit designed to 
realize the Dolby B-type noise reduction system. It fea- 
tures two separate inputs and outputs for encode and 
decode signal paths. Both the mode selection and noise 
reduction switches are internal and controlled by external 
DC voltage levels. 


Features 

■ DC switching of both encode/decode and noise reduc- 
tion ON/OFF 

■ Separate inputs and outputs for encode and decode 

■ Full-wave detector circuit 

■ Very close matching to standard Dolby characteristics, 
±0.5 dB 

■ Very low signal/noise ratio— 74 dB encode (CCIR/ARM), 
82 dB decode 

■ Very high signal handling capability, >20 dB (V S = 20V) 
for operation with metal tape 


Connection Diagram 


NEGATIVE SUPPLY -H 

LOWER SHIFTj. 
DECOUPLING 

RECTIFIER OUTPUT— — | 
VARIABLE IMPEDANCE_4 
CONTROL 
AMPLIFIER D_5 
FEEDBACK DECOUPLING 
VARIABLE IMPEDANCE 
INPUT 

NOISE REDUCTION^ 
SWITCH 

SIGNAL GROUND — 



POSITIVE SUPPLY 


h— MONITOR OUTPUT 


h— RECORD OUTPUT 
13_ AMPLIFIER EK 
INPUT 

2i AMPLIFIER AB 
OUTPUT 

— DECODE INPUT 


H-mode SWITCH 


F— -ENCODE INPUT 


TOP VIEW 


Order Number LM1121AN, LM1121BN, 
or LM1121CN 
See NS Package N16E 


Switching Truth Tables 


Pin 7 

Noise Reduction 

High 

Off 

Open 

On 

Low 

On 


Pin 10 

Mode 

High 

Open 

Low 

Encode 

Decode 

Decode 


Switching level = 1.6V (wrt negative supply) 

Available to licensees of Dolby Laboratories Licensing Corporation, San Francisco, CA, from whom licensing and applications information must 
be obtained. 

Dolby and the double-D symbol are trademarks of Dolby Laboratories Inc. 
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Absolute Maximum Ratings 

Supply Voltage 24V 

Operating Temperature Range -20°Cto+70°C 

Storage Temperature Range - 60°C to + 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics 

(V s = 12V, T a = 25°C unless otherwise specified) N.B. 0 dB refers to Dolby level and is 580 mVrms measured at TP1. 

Parameter 

Conditions 

LM1121A 

LM1121B 

LM1121C 

Units 

Min 

Tvn 

Max 

Min 

Tvp 

Max 

Min 

Tvp 

Max 

Supply Voltage 


5 


20 

5 


20 

5 


20 

V 

Range 












Supply Current 



14 



14 


14 



mA 

Voltage Gain 

1 kHz, Noise 

25.2 

25.7 

26.2 

24.7 

25.7 

26.7 

24.2 

25.7 

27.2 

dB 

Pins 9-14 and 11-15 

Reduction OFF 











Voltage Gain 

1 kHz, Pin 12 Open 


19.7 



19.7 



19.7 


dB 

Pin 9 or 11-12 












Signal/Noise Ratio 












Encode 

Pin 14, R s = 10k 

71.5 

74 


71 

74 


69 

74 


dB 


ii 

DC 


77 



77 



77 


dB 

Decode 

Pin 15, R s = 10k 


83 



83 



83 


dB 

NR OFF 

Pins 14 and 15 












R s = 10k 


83 



83 



83 


dB 


R s = 1k 


85 



85 



85 


dB 

Encode 

10 kHz, OdB 

0 

0.5 

1.0 

-0.2 

0.5 

1.2 

-0.5 

0.5 

1.5 

dB 

Characteristics 

1.3 kHz, - 20 dB 

-16.2 

-15.7 

-15.2 

-16.7 

-15.7 

-14.7 

-17.2 

-15.7 

-14.2 

dB 


5 kHz, - 20 dB 

-17.3 

-16.8 

-16.3 

-17.8 

-16.8 

-15.8 

-18.3 

-16.8 

-15.3 

dB 


3 kHz, -30 dB 

-21.7 

-21.2 

-20.7 

-22.2 

-21.2 

-20.2 

-22.7 

-21.2 

-19.7 

dB 


5 kHz, -30 dB 

-22.3 

-21.8 

-21.3 

-22.8 

-21.8 

-20.8 

-23.3 

-21.8 

20.3 

dB 


10 kHz, - 30 dB 

-24.0 

-23.5 

-23.0 

-24.5 

-23.5 

-22.5 

-25.0 

-23.5 

22.0 

dB 


10 kHz, - 40 dB 

-30.1 

-29.6 

-29.1 

-30.3 

-29.6 

-28.9 

-30.6 

- 29.6 

,28.6 

dB 

Variation in Encode 

0°C-70°C 


<±0.5 



<±0.5 



<±0.5 


dB 

Characteristics with 












Temperature 












Distortion 

1 kHz, OdB 


0.03 

0.1 


0.03 

0.1 


0.03 

0.2 

% 


10 kHz, 10 dB 


0.2 

0.3 


0.2 

0.5 


0.2 

0.7 

% 

Signal Handling 

1 kHz, Dist = 0.3% 












V S = 5V 


6.5 



6.5 



6.5 




II 

< 


10.5 



10.5 



10.5 


dB 


V s = 12V 

14.0 

16.0 


14.0 

16.0 


14.0 

16.0 


dB 


V s = 20V 


21.0 



21.0 



21.0 


dB 

Switching Transients 












Measured at 












Pin 14 or 15 












Encode/ 



20 



20 



20 


mV 

Decode/Encode 












NR OFF/ON/OFF 



20 



20 



20 


mV 

Input Resistance 

Pins 9 and 11 

50 

65 

80 

50 

65 

80 

50 

65 

80 

kfl 


Pin 13 

4.3 

5.6 

6.9 

4.3 

5.6 

6.9 

4.3 

5.6 

6.9 

kfi 

Output Resistance 

Pin 12 

1.8 

2.4 

3.0 

1.8 

2.4 

3.0 

1.8 

2.4 

3.0 

kO 


Pins 14 and 15 


30 

55 


30 

55 


30 

55 

fi 
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HN National 
«!ifl Semiconductor 


Audio/ Radio Circuits 

PRELIMINARY 


LM1131A/LM1131B/LM1131C 

Dual Dolby B-Type Noise Reduction Processor 


□□ 


General Description 


The LM1131 is a monolithic integrated circuit specifically 
designed to realize the Dolby B-type noise reduction 
system. 

The circuit includes two completely separate noise reduc- 
tion processors and will operate in both encode and 
decode modes. It is ideal tor stereo applications in com- 
pact equipment or for mono applications in 3-head equip- 
ment where two processors with very closely matched 
internal gains are required. 

Features 

■ Stereo Dolby noise reduction with one 1C 

■ Wide supply voltage range, 5V-20V 


■ Very high signal/noise ratio, 79 dB encode, 90 dB 
decode (CCIR/ARM) 

■ Very close gain matching for 3-head recorders 

■ Close matching to standard Dolby characteristics 
H Very low temperature drift of Dolby characteristics 

n High signal handling capability, > + 20 dB (V S = 2UV) 

■ Full-wave rectifier in both channels 

■ Operates with both single and split supply voltages 

■ Excellent transient response characteristics 
H Minimal input switch-on transients 

H Reduced number of external components per channel 

■ Improved input protection 


Available to licensees of Dolby Laboratories Licensing Corporation, San Francisco, from whom licensing and application information must be 
obtained. 

Dolby and the double-D symbol are trademarks of Dolby Laboratories Licensing Corporation. 
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LM1131A/LM1131B/LM1131C 


Absolute Maximum Ratings 

Supply Voltage 24V 

Operating Temperature Range - 20°C to + 70°C 

Storage Temperature Range -65°Cto +150°C 

Lead Temperature (Soldering, 10 seconds) to300°C 


Electrical Characteristics v s = 

580 mV, measured at TP1 and TP2. 


12V, T a = 25°C unless otherwise specified. N.B. 0 dB refers to Dolby level and is 


Supply Voltage Range 

Supply Current 

Voltage Gain 


(Pins 7-10 and 14-11) 

1 kHz Decode 

(Pins 10-9 and 11-12) 

1 kHz Decode 

Difference in Voltage 

1 kHz Noise 

Gain Between Channels 

Reduction OFF 

Crosstalk Between 
Channels 

Signal/Noise Ratio 
at Pins 9 and 12 

1 kHz, 0 dB 

Encode 

R s = lOkfi 

R s = 1kfi 

Decode 

R s = 10k 

R s = 1k 

Encode Characteristics 

Variation in Encode 
Characteristics 

10 kHz, 0 dB 

1.3 kHz, - 20 dB 

5 kHz, - 20 dB 

3 kHz, - 30 dB 

5 kHz, - 30 dB 

10 kHz, -40 dB 

Temperature 

0°C-70°C 

Voltage 

5V-20V 

Distortion 

1 kHz, 0 dB 

10 kHz, 10 dB 

Signal Handling 

1 kHz, Dist = 0.3% 
V S = 5V 

V S = 7V 

V s = 12V 

Vs = 20V 

Input Resistance 

Pins 7 and 14 

Output Resistance 

Pins 9 and 12 

Pins 10 and 11 







Signal/Noise (dB) Supply Current (mAI 


Typical Performance Characteristics 


Supply Current vs Supply Voltage 
(1 kHz, 0 dB; NR ON) 



6 8 10 12 14 16 18 

Supply Voltage (V) 

Signal to Noise Ratio vs Source Impedance 
. Encode Mode (CCIR/ARM) 



10 100 IK 10K 

Source Impedance ( Q ) 

Back to Back Response Error vs Frequency and 
Supply Voltage (Standard Dolby Encoder) 
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Signal Handling vs Supply Voltage 



10 12 14 16 

Supply Voltage (V) 


Gain vs Frequency (NR OFF) 



0.1 1 10 100 
Frequency (kHz) 

Back to Back Response Error vs Frequency and 
Temperature (Encode Temperature + 25°C) 


Frequency (kHz) 


Frequency (kHz) 
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LM1131A/LM1131B/LM1131C 


Application Notes 

SUPPLY VOLTAGE 

LM1131 may operate with either single or split supply 
voltages. 

Single Supply Voltage 

Pin 1 is connected to ground, pin 20 to V s . 

Pins 8 and 13 are internally generated reference voltages 
set to approximately half-supply. They should be con- 
nected together externally. 

A 220 n F capacitor must be connected between pins 8 and 
13 and ground. Device turn-on time is delayed by the rise 
time of pins 8 and 13. 

Split Supply Voltages 

Pin 1 is connected to the negative supply, pin 20 to the 
positive supply. Pins 8 and 13 are connected to 0V and no 
capacitor is required. Device turn-on time is delayed only 
be the rise times of the supply voltages. 

SIGNAL GAIN AND FILTERING 

It should be noted that LM1131 has only one internal pre- 
amplifier, AB, with no provision for interconnection of a 
low pass filter to remove bias or multiplex tones. In addi- 
tion, main chain gain has been reduced by6dB in compari- 
son with LM1112/LM1011. 

If a low pass filter is required it should be connected at the 
input of the LM1131. Pre-adjustment of Dolby input level 
may then be performed, at the input of LM1131 if required. 


NOISE REDUCTION SWITCH 

Noise reduction OFF is normally effected by means of a 
mechanical switch which open-circuits the sidechain 
input. , 

An alternative method which permits the control of NR 
OFF by means of a DC voltage is shown in Figure 1. 
The DC control voltage forces the internal impedance to a 
minimum value and heavily attenuates the sidechain in- 
put. When using this circuit the following points should 
be noted: 

a) Signal boost in encode mode (signal cut in decode) is 
reduced by increasing DC voltages on pins 3 and 18. A 
voltage of approximately 3V above signal ground is 
adequate to achieve NR OFF. 

b) Supply current may be increased significantly by high 
pin 3/18 forcing voltages. Thus, values for V3 and R3 
should ideally be chosen such that pin 3/18 forced 
voltage is only 3V-5V greater than signal ground. Max- 
imum permissible voltage on pin 3/18 is equal to supply 
voltage. 

c) When electrical NR switching is used in this way, NR 
OFF signal level is slightly affected by the restriction 
that the internal variable impedance cannot achieve 
zero impedance. Thus, at 10 kHz -10 dB, a residual 
boost in encode (or cut in decode) of approximately 
0.4 dB remains. At low frequencies this value reduces 
to insignificant levels. 

This is not the case for mechanioal NR switching. 


N.R. 

ON 


R3 


SIGNAL GROUND 


-Oh 


2 

0 

19 

18 

17 

16 15 

14 

13 

12 

11 

) 





LM1131 





1 


2 

3 

4 

5 6 

7 

8 

9 

10 


-Oh 


10/iF+i 75K 


270K 

•vnaa-4 


10 nF 
47K 


I T 0 ' 


0.033 


RECORD 

OUTPUT 
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HI MONITOR O/P 


-| SIDECHAIN I/P 


FIGURE 1. LM1131 Decode Processor with Electrical NR Switch (1 Channel Shown) 
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Test Circuit Encode Mode (components shown for channel 1 only) 



Note 1: Where not otherwise specified 

rnmnnnpnt tnlprannpR are ±10%. 


Note 2: For LM1131AN use 2% 
components for C304, R303, R305. 
(5% components may cause errors 
up to ±0.3 dB). 


Connection Diagram 


Dual-ln-Line Package 



POSITIVE SUPPLY 
DECOUPLING 

RECTIFIER OUTPUT 

VARIABLE IMPEDANCE 
CONTROL 

AMPLIFIER D 
FEEDBACK DECOUPLING 

SIDECHAIN INPUT 

AMPLIFIER AB 
INPUT 

SIGNAL GROUND 

AMPLIFIER EK 
OUTPUT 

MONITOR OUTPUT 


Order Number LM1131AN, LM1131BN 
or LM1131CN 
See NS Package N20A 
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National 

Semiconductor 


Audio/ Radio Circuits 


LM1310 Phase-Locked Loop FM Stereo Demodulator 


General Description 

The LM1310 is an integrated FM stereo demodu- 
lator using phase locked loop techniques to regen- 
erate the 38 kHz subcarrier. A second version 
also available is the LM1800 (see separate data 
sheet) which adds superb power supply rejection 
and buffered (emitter follower) outputs to the 
basic phase locked decoder circuit. The features 
available in these integrated circuits make possible 
a system delivering high fidelity sound within the 
cost restraints of inexpensive stereo receivers. 


Features 

■ Automatic stereo/monaural switching 

■ No coils, all tuning performed with single 
potentiometer 

■ Wide supply operating voltage range 

■ Excellent channel separation 


Connection Diagram Typical Application 


Dual-1 n-Line Package 

PHASE 



See NS Package N14A 

Typical Performance Characteristics 


Channel Separation 



0.3 1.0 3.0 10 30 


Stereo Distortion vs 

Input Amplitude 

Monaural Distortion vs 

Input Amplitude 
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Absolute Maximum Ratings 

Supply Voltage 18V Operating Supply Voltage Range 10V to 18V 

Power Dissipation (Note 2) 715 mW Storage Temperature Range -65°C to +1 50°C 

Operating Temperature Range 0°C to +70°C Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics (Note d 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Supply Current 

Lamp "OFF" 


18 


mA 

Lamp Driver Saturation 

100 mA Lamp Current 


1.3 


V 

Lamp Driver Leakage 



1.0 


nA 

Pilot Level for Lamp "ON" 

Pin 11 Adjusted to 19.00 kHz 


15 

20 

mVrms 

Pilot Level for Lamp "OFF" 

Pin 1 1 Adjusted to 19.00 kHz 

3.0 

7.0 


mVrms 

Composite Input 

Maximum for THD < 0.5% 

2.8 



Vp-p 

Monaural Input 

Maximum for THD < 1.0% 

2.8 



Vp-p 

Stereo Channel Separation 


30 

40 


dB 


2.0Vp-p Composite with 10% Pilot 


45 


dB 

Monaural Channel Unbalance 

Pilot "OFF" 


0.3 

1.5 

dB 

Recovered Audio 



485 


mVrms 

Total Harmonic Distortion 



0.3 


% 

Total Harmonic Distortion 

2.0 Vp-p Composite with 10% Pilot 


0.15 


% 

Capture Range 

50 mVrms of Pilot 


±3.5 


% of f 0 

Ultrasonic Frequency Rejection 

19 kHz 


35 


dB 


38 kHz 


45 


dB 

Dynamic Input Resistance 


20 

50 


kn 

SCA Rejection 

f = 67 kHz; Measure 9 kHz Beat Note 


75 


dB 


with 1 kHz Modulation "OFF” 






Note 1 : Unless otherwise noted: VqC = + 12 Vqc and T/\ = +25°C. The input signal is a 2.8 Vp-p standard multiplex composite 
signal using 10% Pilot and with L or R-channel only modulated at 1.0 kHz. 

Note 2: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction 
temperature and a themal resistance of 175°C/W junction to ambient. 

Note 3: The VCO can be defeated (sometimes desirable when using an AM-FM receiver in the AM mode) by returning pin 14 to 
ground through a 2.2 k£2 resistor. 


Typical Performance Characteristics (Continued) 


Pilot Amplitude vs 



18 18.5 19 19 5 20 

INPUT PILOT FREQUENCY (kHz) 


10 


10-103 


LM1310 




LM1391 


National 

J^flSemicon 


Audio/ Radio Circuits 


Semiconductor 

LM1391 Phase-Locked Loop Block 


General Description 


The LM1391 integrated circuit has been designed 
primarily for use in the horizontal section of TV re- 
ceivers, but may find use in other low frequency signal 
processing applications. It includes a stable VCO, linear 
pulse phase detector, and variable duty cycle output 
driver. 


Features 

■ Internal active regulator for improved supply rejection 

■ Uncommitted collector of output transistor 

Schematic and Connection Diagrams 

PRE-DRIVER OSCILLATOR 

OSCILLATOR _ REGULATE 


■ Output transistor with low saturation and high voltage 
swing 

■ APC of the oscillator with a synchronizing signal 

■ DC controlled output duty cycle 

■ ±300 Hz typical pull-in 

■ Linear balanced phase detector 

■ Low thermal frequency drift 

■ Small static phase error 

■ Adjustable dc loop gain 



(*)Pm 4 - Base of Q16 (LM1391) for use with (+) flyback pulse 



5 PHASE 
-O DETECTOR 
OUTPUT 


Dual-ln-Line Package 


PHASE 

REGULATOR 0ETECT0R 

VOLTAGE OUTPUT 



Order Number LM1391N 
See NS Package N08B 
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Absolute Maximum 

Supply Current 
Output Voltage 
Output Current 
Sync Input Voltage (Pin 3) 

Flyback Input Voltage (Pin 4) 


Ratings 

40 mAoc 
40 V DC 
30 mApc 
5.0 Vp-p 
5.0 Vp-p 


Power Dissipation (Package Limitation) 
Plastic Package (Note 1) 

Operating Temperature Range (Ambient) 
Storage Temperature Range 


1250 mW 
0°C to +75°C 
-65°C to +150°C 


Electrical Characteristics Ta = 25° C (see test circuit, all switches in position 1 ) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Regulated Voltage (Pin 6) 

16 = 22 mAoc 

8.0 

8.6 

9.2 

V DC 

Supply Current (Pin 6) 



20 


mAoc 

Collector-Emitter Saturation Voltage 
of Output Transistor (Pin 1 ) „ 

Id = 20 mA 


0.30 

0.40 

v D c 

Pin 4 Voltage 



2.0 


V DC 

Oscillator Pull-in Range 

Adjust Rh 


±300 


Hz 

Oscillator Hold-in Range 

Adjust Rj-j 


±900 


Hz 

Static Phase Error 

Af = 300 Hz 


0.5 


/is 

Free-running Frequency Supply 
Dependance 

SI in position 2 


±3.0 


Hz/V DC 

Phase Detector Leakage (Pin 5) 

All switches in position 2 



±1.0 

ma 

Sync Input Voltage (Pin 3) 


2.0 


5.0 

Vp-p 

Sawtooth Input Voltage (Pin 4) 


1.0 


3.0 

Vp-p 

Maximum Oscillator Frequency 



500 


kHz 


Note 1: For operation in ambient temperatures above 25° C, the device must be derated based on a 150°C maximum junction temperature and a 
thermal resistance of 100°C/W junction to ambient. 


Typical Performance Characteristics 


Frequency Drift vs Warm-Up 
Time 



0 15 30 45 60 75 90 105 120 

TIME (s) 


Frequency vs Temperature 

150 

s 100 


> -50 

| -100 
a 

if _150 

-200 

0 10 20 30 40 50 60 70 80 

AMBIENT TEMPERATURE ( 0 



Output Duty Cycle vs Vjy| 
Voltage 



0 10 20 30 40 50 60 70 80 90 

PIN 1 OUTPUT DUTY CYCLE (%) 


Application Information 

The following equations may be considered when using 
the LM1391 in a particular application. 

Vcc ~ 8 6 

R201 = R301 = — ^ n 

0.02 

1 

f Q = Hz 1.5k <R 0 < 51k 

0.6 RoC 0 

R204 = 10 R 0 

1 

C203 = C204 = F 

600 f 0 (Hz) 


DC Loop Gain /Uj3 = 3.2 x 10~ D R 0 f 0 Hz/rad 
Noise Bandwidth 

Rx 1 2 

1+2tt — C c AijS 

Ry 

f nn — — — Hz 

4RxC c 


Damping Factor 

K 


7T Rx^ 
2 Ry 


C c rf 


10 
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LM1391 


Test Circuit 



Typical Applications 


24V TYP 



FIGURE 1. TV Horizontal Processor 


24V TYP 



3 Vp-p INPUT 

SYNCHRONIZING SIGNAL 


FIGURE 2. General Purpose Phase-Lock Loop 
(See Applications Information) 


Vcc 

24V TYP 



FIGURE 3. Variable Duty Cycle Oscillator 
(See Applications Information) 
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National 

Semiconductor 


Audio/ Radio Circuits 


LM1596/LM1496 Balanced Modulator-Demodulator 


General Description 

The LM1596/LM1496 are double balanced modu- 
lator-demodulators which produce an output 
voltage proportional to the product of an input 
(signal) voltage and a switching (carrier) signal. 
Typical applications include suppressed carrier 
modulation, amplitude modulation, synchronous 
detection, FM or PM detection, broadband fre- 
quency doubling and chopping. 

The LM1596 is specified for operation over the 
-55°C to +125°C military temperature range. The 
LM1496 is specified for operation over the 0°C 


Features 

■ Excellent carrier suppression 

65 dB typical at 0.5 MHz 
50 dB typical at 10 MHz 

■ Adjustable gain and signal handling 

■ Fully balanced inputs and outputs 
a Low offset and drift 

a Wide frequency response up to 100 MHz 


Schematic and Connection Diagrams 


Metal Can Package 



Numbers in parentheses show DIP connections 



TOP VIEW 

Note: Pin 10 is connected electrically to the 
case through the device substrate. 

Order Number LM1496H or LM1596H 
See NS Package H08C 

Dual-ln-Line Package 



Order Number LM1496N 
See NS Package N14A 


Typical Application and Test Circuit 



Numbers in parentheses show DIP connections. 


Note: Ss is closed for "adjusted" measurements. 


Suppressed Carrier Modulator 


LM1596/LM1496 




LM1596/LM1496 


Absolute Maximum Ratings 








Internal Power Dissipation (Note 1) 500 mW 








j Applied Voltage (Note 2) 

30V 








Differential Input Signal (V 7 - V 8 ) ±5.0V 

Differential Input Signal (V 4 - Vi) ±(5+l 5 R a ) V 








Input Signal (V 2 - V 1( V 3 - V 4 ) 

5.0V 








Bias Current (I 5 ) 

12 mA 








Operating Temperature Range LM1596 -55°C to +125°C 








LM1496 0°C to +70° C 








Storage Temperature Range 

-65°C to +150°C 








Lead Temperature (Soldering, 10 sec) 300°C 








Electrical Characteristics (T A = 25°C, unless otherwise specified, see test circuit) 


PARAMETER 


LM1596 

LM1496 

UNITS 


MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Carrier Feedthrough 

Vc = 60 mVrms sine wave 


40 



40 


pVrms 


fc = 1.0 kHz, offset adjusted 

Vc = 60 mVrms sine wave 


140 



140 


pV rms 


fc = 10 MHz, offset adjusted 

Vc = 300 mVpp square wave 


0.04 

0.2 


0.04 

0.2 

mVrms 


fc - 1.0 kHz, offset adjusted 

Vc = 300 mVpp square wave 


20 

100 


20 

150 

mVrms 


fc = 1.0 kHz, offset not adjusted 








Carrier Suppression 

f s = 10 kHz, 300 mVrms 

50 

65 


50 

65 


dB 

( 

fc = 500 kHz, 60 mVrms sine wave 
offset adjusted 
fg = 10 kHz, 300 mVrms 
fc = 10 MHz, 60 mVrms sine wave 
offset adjusted 


50 



50 


dB 

Transadmittance Bandwidth 

R l = 50S2 


300 . 



300 


MHz 


Carrier Input Port, Vc = 60 mVrms sine wave 
f 8 = 1.0 kHz, 300 mV rms sine wave 









Signal Input Port, Vg = 300 mVrms sine wave 


80 



80 


MHz 


V 7 - V 8 = 0.5Vdc 








Voltage Gain, Signal Channel 

V s = 100 mVrms. f = 1.0 kHz 

2.5 

3.5 


2.5 

3.5 


V/V 


V 7 - V 8 = 0.5Vdc 








Input Resistance, Signal Port 

f = 5.0 MHz 

V 7 - V 8 = 0.5 Vdc 


200 



200 


kn 

Input Capacitance, Signal Port 

f = 5.0 MHz 

V 7 - V 8 = 0.5 Vdc 


2.0 



2.0 


pF 

Single Ended Output Resistance 

f = 10 MHz 


40 



40 


kfi 

Single Ended Output 

f = 10 MHz 


5.0 



5.0 


PF 

Capacitance 









Input Bias Current 

( 1 1 + l 4 >/2 


12 

25 


12 

30 

P A 

Input Bias Current 

(l 7 + l 8 )/2 


12 

25 


12 

30 

PA 

Input Offset Current 

<h-U) 


0.7 

5.6 


0.7 

5.0 

PA 

Input Offset Current 

-la) 


0.7 

5.0 


5.0 

5.0 

PA 

Average Temperature 

(-55°C < T A < +125°C) 


2.0 





nA/°C 

Coefficient of Input 

Offset Current 

(0°C < T a < +70°C 





2.0 


nA/°C 

Output Offset Current 

de-ig) 


14 

50 


14 

60 

PA 

Average Temperature 

(-55°C < T A < +125°C) 


90 





nA/°C 

Coefficient of Output 

Offset Current 

(0°C < T A < +70°C) 





90 


nA/°C 

Signal Port Common Mode 

f s = 1.0 kHz 


5.0 



5.0 


v p-p 

Input Voltage Range 








Signal Port Common Mode 

V 7 - V 8 = 0.5 Vdc 


-85 

{ 


-85 


dB 

Rejection Ratio 









Common Mode Quiescent 



8.0 



8.0 


Vdc 

Output Voltage 

' Differential Output Swing 



8.0 



8.0 


v p ^ 

Capability 








Positive Supply Current 

(*6 + '9> 


2.0 

3.0 


2.0 

3.0 

mA 

Negative Supply Current 

(•l0) 


3.0 

4.0 


3.0 

4.0 

mA 

Power Dissipation 



33 



33 


mW 

Note 1 : LM1596 rating applies to case temperatures to +125°C; derate linearly at 

6.5 mW/°C for 



ambient temperature above 75°C. LM1496 rating applies to case temperatures to +70°C. 





Note 2: Voltage applied between pins 6-7, 8-1, 9-7, 9-8, 7-4, 7-1, 8-4, 6-8, 2-5, 3-5. 
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Typical Performance Characteristics 


Carrier Suppression vs 
Carrier Input Level 


Carrier Suppression vs 
Frequency 


Carrier Feedthrough vs 
Frequency 



oidebami Output vs 
Carrier Levels 



Sideband and Signal Port 


Frequency 


Sianal-Port Frequency 
Response 



CARRIER FREQUENCY (MHz) 



Typical Applications (Continued) 


+8 Vdc 



DEMODULATED 
AF OUTPUT 


This figure shows the LM1596 used as a single sideband (SSB) suppressed carrier demodulator (product detector). The 
carrier signal is applied to the carrier input port with sufficient amplitude for switching operation. A carrier input level 
of 300 mVrms is optimum. The composite SSB signal is applied to the signal input port with an amplitude of 5.0 to 
500 mVrms. All output signal components except the desired demodulated audio are filtered out, so that an offset 
adjustment is not required. This circuit may also be used as an AM detector by applying composite and carrier signals 
in the same manner as described for product detector operation. 


10 
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LM1596/LM1496 


Typical Applications (Continued) 



Broadband Frequency Doubler 


The .frequency doubler circuit shown will double low-level signals with low distortion. The value of C should be chosen 
for low reactance at the operating frequency. 

Signal level at the carrier input must be less than 25 mV peak to maintain operation in the linear region of the switching 
differential amplifier. Levels to 50 mV peak may be used with some distortion of the output waveform. If a larger input 
signal is available a resistive divider may be used at the carrier input, with full signal applied to the signal input. 
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551 National 
mm Semicor 


Audio/Radio Circuits 


Semiconductor 


LM1800 Phase-Locked Loop FM Stereo Demodulator 


General Description 

The LM1800 is a second generation integrated 
FM stereo demodulator using phase locked loop 
techniques to regenerate the 38 kHz subcarrier. 
The numerous features integrated on the die make 
possible a system delivering high fidelity sound 
while still meeting the cost requirements of inex- 
pensive stereo receivers. More information available 
in AM-R1 


Features 

■ Automatic stereo/monaural switching 

■ 45 dB power supply rejection 

■ No coils, all tuning performed with single 
potentiometer 

■ Wide operating supply voltage range 

■ Excellent channel separation 

o Emitter follower output buffers 


Connection Diagram 


Typical Application 


PHASE 

DETEC THRESH THRESH 

POWER VCO LOOP LOOP TOR PILOT OLD OLD 
SUPPLY CONTROL FILTER FILTER INPUTS MONITOR FILTER FILTER 



COMPOSITE AUDIO LEFT LEFT RIGHT RIGHT LAMP GNO 

INPUT AMP LOAD OUTPUT OUTPUT LOAD DRIVER 

OUTPUT & & 

DEEMPHASIS OEEMPHASIS 



Order Number LM1800N 
See NS Package N16A 


Typical Performance Characteristics 


Supply Ripple Rejection 


Channel Separation 


RIPPLE = 200 mVrms I 
L f = 200 Hz J 


1) VCO@ 

19000 ±10 Hz 
’ 2) PIN 6 OPEN 
_3) 800 mV P P 
COMPOSITE 


Cl = INPUT COUPLING 
CAPACITOR 


SUPPLY VOLTAGE (V) 


AUDIO FREQUENCY (Hz X 100) 
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LM1800 


Absolute Maximum Ratings 


Supply Voltage 

Power Dissipation (Note 3) 

Operating Temperature Range 
Operating Supply Voltage Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 


18V 
715 mW 
0°C to +70° C 
+10V to +18V 
-65°C to +1 50° C 
300° C 


Electrical Characteristics (Note 1) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Supply Current 

Lamp "off” 


21 

30 

mA 

Lamp Driver Saturation 

100 mA Lamp Current 


1.3 

1.8 

V 

Lamp Driver Leakage 



1.0 


nA 

Pilot Level for Lamp ''ON'' 

Pin 1 1 Adjusted to 19.00 kHz 


15 

20 

mVrms 

Pilot Level for Lamp ''OFF" 

Pin 11 Adjusted to 19.00 kHz 

3.0 

7.0 


mVrms 

Stereo Lamp Hysteresis 


3.0 

6.0 


dB 

Stereo Channel Separation 

100 Hz (Note 2) 


40 


dB 


1000 Hz (Note 2) 

30 

45 


dB 


10000 Hz (Note 2) 


45 


dB 

Monaural Channel Unbalance 

200 mVrms, 1000 Hz Input 


0.3 

1.5 

dB 

Monaural Voltage Gain 

200 mVrms, 400 Hz Input 

140 

200 

260 

mVrms 

Total Harmonic Distortion 

500 mVrms, 1000 Hz Input 


0.4 

1.0 

% 

Total Harmonic Distortion 

500 mVrms, 1000 Hz Input, 1800A Only 


0.1 

0.3 

% 

Capture Range 

25 mVrms of Pilot 

±2.0 


±6.0 

% of f 0 

Supply Ripple Rejection 

200 mVrms of 200 Hz Ripple 

35 

45 


dB 

Dynamic Input Resistance 


20 

45 


k£2 

Dynamic Output Resistance 


900 

1300 

2000 

a 

SCA Rejection 

(Note 4) 


70 


dB 

Ultrasonic Freq. Rejection 

Combined 19 and 38 kHz, Ref. to Output 


33 


dB 


Note 1 : T/\ = 25° C and V + = 12V unless otherwise specified. 

Note 2: The stereo input signal is made by summing 123 mVrms LEFT or RIGHT modulated signal with 25 mVrms of 19 kHz 
pilot tone, measuring all voltages with an average responding meter calibrated in rms. The resulting waveform is about 800 mVp-p. 
Note 3: For operation in ambient temperatures above 25° C, the device must be derated based on a 150°C maximum junction 
temperature and a thermal resistance of 175°C/W junction to ambient. 

Note 4: Measured with a stereo composite signal consistency of 80% stereo, 10% pilot and 10% SCA as defined in the FCC Rules 
on Broadcasting. 

Note 5: VCO "OFF” curve represents the distortion attainable using good 19 kHz and 38 kHz filters. 


Typical Performance Characteristics (Continued) 


Monaural Distortion 
vs Input Amplitude 



0.2 0.4 0.6 0,8 1 1.2 

INPUT SIGNAL LEVEL (Vrms) 


Monaural Distortion 
vs Frequency 



20 50 100 200 500 Ik 2k 5k 10k 15k 

FREQUENCY (Hz) 
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National 

Semiconductor 


Audio/Radio Circuits 


LM1818 Electronically Switched Audio Tape System 


General Description 

The LM1818 is a linear integrated circuit containing all 
of the active electronics necessary for building a tape 
recorder deck (excluding the bias oscillator). The elec- 
tronic functions on the chip include: a microphone and 
playback preamplifier, record and playback amplifiers, 
a meter driving circuit, and an automatic input level 
control circuit. The 1C features complete internal elec- 
tronic switching between the record and playback modes 
of operation. The multipole switch used in previous 
systems to switch between record and playback modes 
is replaced by a single pole switch, thereby allowing for 
more flexibility and reliability in the recorder design.* 

*Monaural oDeration. Fiaure 9. 


Features 

■ Electronic record/play switching 

■ 85 dB power supply rejection 

■ Motional peak level meter circuitry 

■ Low noise preamplifier circuitry 

■ 3.5V to 18V supply operation 

■ Provision for external low noise input transistor 

Order Number LM1818N 
See NS Package N20A 


Typical Applications 



FIGURE 1. Stereo Application Circuit (Left Channel Shown), Vs =. 15V 
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LM1818 


Absolute Maximum Ratings 

Supply Voltage 18V 

Package Dissipation, (Note 1) 715 mW 

Storage Temperature -65°C to +1 50° C 

Operating Temperature 0°Cto+70°C 

Junction Temperature 150°C 

Minimum Voltage on Any Pin -0.1 Vqc 

Maximum Voltage on Pins 2 and 5 0.1 VqC 

Maximum Current Out of Pin 14 5 mAoc 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics Vcc = 6V, Ta = 25 °c, See Test Circuits (Figures 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 


MAX 


Operating Supply Voltage Range 


3.5 


18 

VDC 

Supply Current 

Test Circuit (Figure 2) 


5 

12 

mA 

Turn-ON Time 

Externally Programmable 

50 

400 


ms 

Playback Signal to Noise 

DIN Eq. (3180 and 120 /is), 20-20 kHz, 

R s = 0, Unweighted, VreF “ 1 niV at 

400 Hz 


74 


dB 

Record Signal to Noisd 

Flat Gain, 20-20 kHz, R s = 0, ALC OFF, 
Vref = 1 nW at 1 kHz, Unweighted 


69 


dB 

Fast Turn-ON Charging Current 

Pins 16 and 17 


200 


HA 

Record and Playback Preamplifier 

Open Loop Voltage Gain v 

f = 100 Hz 


100 


dB 

Preamplifiers' Input Impedance 



50 


k£2 

Preamplifiers' Input Referred PSRR 

1 kHz— Flat Gain 


85 


dB 

Bias Voltage on Pin 18 in Play Mode 

or Pin 15 in Record Mode 



0.5 


V 

Monitor Amplifier Input Bias 

Current 

Pins 1 1 and 12 


0.5 


/iA 

Monitor Amplifier Open Loop 

Voltage Gain 

Record or Playback, f = 100 Hz 


80 


dB 

Monitor Outputs Current Capability 

Pins 9 and 10, Source Current Available 

400 

750 


MA* 

Monitor Amplifier's Output Swing 

RL= 10k, AC Load 

1.2 

1.65 


Vrms 

THD, All Amplifiers 

At 1 kHz, 40 dB Closed Loop Gain 


0.05 


% 

Record-Playback Switching Time 

As in Test Circuit 


50 


ms 

Input ALC Range 

AV||\j for AVoUT = 8 dB 


40 


dB 

Input Voltage on ALC Pin for 

Start of ALC Action 



25 


mVrms 

ALC Input Impedance 



2 


kn 

ALC Attack Time 

C13 = 10 mF 


7 


ms 

ALC Decay Time 

R17 = ~>, C13 = 10/xF 


30 


sec 

Meter Output Gain 

100 mVrms at 1 kHz into Pin 4 


800 


mVDC 

Meter Output Current Capability 


2 



mApC 


Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a 
thermal resistance of 175°C/W junction to ambient. 
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Application Hints 

Preamplifiers (Figure 5) 

There are 2 identical preamplifiers with 1 common 
output pin on the 1C. One amplifies low level inputs 
such as a microphone in the record mode and another 
amplifies the signal from the playback head in the 
playback mode. The amplifiers use a common capacitor, 
C6, to set the low frequency pole of the closed loop 
responses. On the playback amplifier, the collector of 
the input device is made available so that an external low 
noise device can be connected in critical applications. 
When using an external low noise transistor, pins 17 and 
18 of the 1C are shorted together to ensure that the 
internal input transistor is turned OFF and the external 
transistor's collector is tied to pin 19. The input and 
feedback connections are now made to the external 
input transistor. The amplifiers are stable for all gains 
above 5 and have a typical open loop gain of 100 dB. 
R8 and R9 enable C6 to be quickly charged and set the 
DC gain. Internal biasing provides a DC voltage indepen- 
dent cf temperature et pin 17 ee that the preamplifier 
DC output will remain relatively constant with tempera- 
ture. Supply decoupling is provided by an internal 
regulator. Additional decoupling can be added for the 
input stages by increasing the size of the capacitor on 
pin 20 of the 1C. A fast charging circuit is connected to 
the preamplifiers' input capacitors (pins 16 and 17) to 
decrease the turn-ON time. Larger input capacitors 
decrease the noise by reducing the source impedance at 
lower frequencies where 1/f noise current produces an 
input noise voltage. The input resistance of the pre- 
amplifiers is typically 50 kH. 

Monitor and Record Amplifiers ( Figure 6) 

The monitor and record amplifiers share common input 
and feedback connections but have separate outputs. 
During playback, the input signal is amplified and 
appears only at the playback monitor output. Because 



the outputs are separate, different feedback components 
can be used and, as a result, totally different responses 
can be set. The amplifiers are stable for all closed loop 
gains above 3 and have an open loop gain of typically 
80 dB. The outputs are capable of supplying a minimum 
of 400 ixfk into a load and swing within 500 mV of 
either V cc or ground. If more than 400 /iA is needed to 
drive a load, an external pull-up resistor on the output of 
these amplifiers can increase the load driving capability. 

Automatic Level Control — ALC (Figure 7) 

The automatic level control provides a constant output 
level for a wide range of record source input levels. 
The ALC works on the varying impedance characteristic 
of a saturated transistor. The impedance of the saturated 
transistor forms a voltage divider with the source imped- 
ance of a series resistor ( R 1 in Fiaure 9). The input 
signal is decreased as the ALC transistor is increasingly 
forward biased. The ALC transistor will be forward 
biased when the preamplifier's AC output (pin 14), 
coupled to the combination ALC-meter drive input 
(pin 4) reaches 40 mV peak (25 mVrms). The gain of 
the ALC loop is such that a preamp input signal increase 
of 10 dB will result in a 2 dB increase on the AC output 
of the preamplifier. If greater than 25 mVrms is desired 
at the output of the preamp, a series resistor can be 
added between the . preamp output coupling capacitor 
and the ALC input (pin 4). The input impedance of the 
ALC circuit is 2 k£2; therefore, if a 2 kI2 series resistor 
is added, ALC action will begin at 50 mVrms. 

The ALC memory capacitor connected to pin 6 has the 
additional function of amplifier anti-pop control; for 
this reason, it is necessary that a capacitor be connected 
to pin 6 even if ALC is not used. 


Quiescent DC Output Voltage 



(0.5 - 50 x 10 — 6 R2)V if R2 + R3 > 10 R E 


where R E = 


R8R9 
R8 + R9 


AC Voltage Gain 


R3 


a AC = 


1 +SC5R3 



FIGURE 5. Preamplifier 
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Application Hints (Continued) 


Meter Driving— Motional Peak Level Response (Figure 7) 


The meter drive output (pin 8) is capable of supplying 
1—2 mA at a filtered DC voltage that is' typically equal 
to 10 times the RMS value of the signal applied to the 
ALC-meter drive input pin (pin 4). The RC network 
connected to pin 7 of the 1C determines the memory 
constant of the meter circuit. It is therefore possible 
to store the peak input signal by giving this RC network 
a long time constant, or read the instantaneous signal 
level by giving this RC network a very short time con- 
stant (i.e., no capacitor). This memory capacitor is 
discharged within the integrated circuit at a discharge 
rate related to the DC level on the meter output pin. 
When the meter output pin is between 0 Vqc ar| d 
0.7 Vqc is a 50 juA discharge current; when the 


pin is between 0.7 V and 1.1V there is no internal 
discharge current; and when the voltage on pin 8 is 
greater than 1.1V there is a discharge equivalent to a 
3.3k resistor across the memory capacitor. These dif- 
ferent discharge rates allow the meter circuit to display 
fast, accurate responses on the lower portion of the 
meter display, slow responses in the higher portion of 
the meter display, and rapid discharge when the voltage 
is above the maximum reading the meter can display. 
The resistor in series with the meter can be adjusted 
such that the previously mentioned responses coincide 
with the proper points (0 VU and +3 VU) on the meter 
scale. 




FIGURE 7. Auto Level-Meter Circuit 
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Application Hints (Continued) 

Anti-Pop Circuitry (Figure 8) 


The capacitor on pin 3 is used in a time delay system in 
conjunction with C13, the ALC capacitor, to suppress 
pops when switching between record and playback. 
Figure 8 illustrates how this is done. The output ampli- 
fier, either record or playback, is shut off prior to 
switching and carefully rebiased after switching takes 
place. It is therefore required that a proper ratio is 
selected between the ALC capacitor and the logic input 
RC time constant. The ALC capacitor must be discharged 
to 0.7V within the time it takes the logic input capacitor 
to: 1) charge from Vcc/2 to 0.7 Vcc when switching 
from record to playback, or 2) discharge from Vcc/2 
to 0.3 Vqc when switching from playback to record. 
These times would normally be similar; however, the 
ALC capacitor can be charged to a different initial value 
depending upon the input to the ALC circuit. The maxi- 
mum value to which the ALC memory capacitor will 
normally charge is 3.2 V, therefore, the maximum time 
diiuvveu iui uiau! tai yiny Cl 3 13 giVCP. by I 

(C13 x AV) (3.2V -0.7V) 

tl = = C13 

h 350 mA 

= C13 x 7.2 x 10 4 


R13 should be kept to a value less than 50 kft to insure 
that bias current existing from pin 3 does not cause an 
offset voltage above 200 mV. Typically this bias current 
is less than 3 /jA. 

Record Playback Switch 

When the voltage on pin 3 of the 1C is greater than 
0.5 Vcc» the internal record-playback switch switches 
into the playback mode. During playback the record 
preamplifier remains partially biased but the input signal 
to this preamp does not appear at the preamplifier 
output. In addition, during the playback mode, the 
record monitor output (pin 9) is disabled and the ALC 
circuit operates to minimize the signal into the record 
preamp input. The meter circuit is operational in the 
playback as well as the record mode. Similarly, during 
the record mode, the playback preamp input is ignored 
and thp nlavhack monitor output is disabled. In addi- 
tion, a pin is available to hold one side of the record 
head at ground potential while sinking up to 500 juA 
of AC bias and record current. 


If C13 = 10juF,t1 = 72 ms 

It it now necessary to determine the minimum value for 
- the R/P logic capacitor. This is done by computing the 
time between the 2 voltage switching points using the 
exponential equations for a single RC network. 


t2= R13C11 In 


VCC 


R13C11 In 


0.3 V C C 
VCC 


0.5 Vcc 


= 0.51 R13C11 


To be sure that C13 is completely discharged, let t2> tl. 
tl (72 ms) 


R13C11 > 


0.51 0.15 

If C11 = 10 /iF, R 13 = 15k Q 


= 141 ms 



FIGURE 8A. Anti-Pop Circuit 



PREAMP 
OUTPUT 
PIN 14 


PLAY 
MONITOR 
OUTPUT 
PIN 9 


Vcc/2 

SWITCHING 
OCCURS" 
MONITOR 
AMPLIFIER OUTPUTS 
DISABLED 
V CC /2 








FIGURE 8B. Waveform for Anti-Pop Circuit 
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External Components 

(Refer to Figure 9, Monaural Application Circuit) 



EXTERNAL COMPONENT FUNCTION 

NORMAL RANGE 

COMPONENT 

OF VALUE 

R1 

Used in conjunction with varying impedance of pin 5, forming a resistor divider 
network to reduce input level in automatic level control circuit 

500 ft-20 kft 

C2 

Forms a noise reduction system by varying bandwidth as a function of the 
changing impedance on pin 5. With a small input signal, the bandwidth is 
reduced by R1 and C2. As the input level increases, so does the bandwidth. 

0.01 /iF— 0.5 /iF 

Cl, C3 

Coupling capacitors. Because these are part of the source impedance, it is 
important to use the larger values to keep low frequency source impedance 
at a minimum. 

0.5//F-10/iF 

C4 

Radio frequency interference roll-off capacitor 

100 pF— 300 pF 

R2 

Playback response equalization. C5 and R3 form a pole in the amplifier response 

50 ft- 200 £7 

R3 

at 50 Hz. C5 and R4form a zero in the response at 1.3 kHz for 120 /us equalization 

47 kft-3.3 Mft 

R4 

and 2.3 kHz for 70 /is equalization. 

2 kft-200 kft 

C5 



R5 

Microphone preamplifier gain equalization 

50 ft -200 ft 

R6 


5 kft-200 kft 

R7 

DC feedback path. Provides a low impedance path to the negative input 

0-2 kft 

R8 

in order to sink the 50 /iA negative input amplifier current. C6, R9, 

200ft— 5 kft 

R9 

R7 and C7 provide isolation from the output so that adequate gain can be 

, 1 kft— 30 kft 

C6 

obtained at 20 Hz. This 2-pole technique also provides fast turn-ON settling time. 

200 /iF — 1000 /iF 

C7 


0— 100 juF 

C8 

Preamplifier output to monitor amplifier input coupling 

0.05 /iF-1 /iF 

C9 

ALC coupling capacitor. Note that ALC input impedance is 2 kft 

0.1 /iF— 5 /iF 

RIO 

These components bias the monitor amplifier output to half supply since the 

10 kft— 100 kft 

R11 

amplifier is unity gain at DC. This allows for maximum output swing on a varying 

10 kft— 100 kft 

R12 

supply. 

10 kft— 100 kft 

CIO 


1 /tF — 1 00 /iF 

C11 

Exponentially falling or rising signal on pin 3 determines sequencing, time delay, 

0— 10 /iF 

R13 

and operational mode of the record/play anti-pop circuitry. See anti-pop diagram. 

0-50 kft 

R14 

R16, R14 and C12 determine monitor amplifier response in the play mode. 

Ik— 100k 

R15 

R15, R14 and C12 determine monitor amplifier response in the record mode. 

30 kft-3 Mft 

R16 


30 kft-3 Mft 

C12 


0.1 /iF— 20 pF 

C13 

Determines decay response on ALC characteristic and reduces amplifier pop 

5 /iF— 20 /iF 

R17 


100k-°° 

C14 

Determines time constant of meter driving circuitry 

0.1 /iF— 10 /iF 

R18 


100k-°° 

R19 

Meter sensitivity adjust 

10 kft— 100 kft 

Cl 5 

Record output DC blocking capacitor 

1 /iF — 1 0 /iF 

C16 

Play output DC blocking capacitor 

0.1 juF-10/iF 

C17 

Changes record output response to approximate a constant current output in 

500 pF-0.1 /iF 

R21 

conjunction with record head impedance resulting in proper recording 

5 kft— 100 kft 

R22 

equalization 

5 kft— 100 kft 

Cl 8 

Preamplifier supply decoupling capacitor. Note that large value capacitor 
will increase turn-ON time 

0.1 /iF-500 /iF 

C19 

Supply decoupling capacitor 

100 /iF- 1000 /iF 

C20 

Decouples bias oscillator supply 

10 /iF— 500 /iF 

R23 

Allows bias level adjustment 

0-1 kft 

R24 

Adjusts DC erase current in DC erase machines (for AC erase, "Stereo 

Application Hook-up") 


LI 

Optional bias trap 

1 mH-30 mH 

C21 


100 pF— 2000 pF 

C22 

Bias Roll-Off 

0.001 /iF— 0.01 /iF 

HI 

Record/play head ' 

100 ft— 500 ft; 70 mH- 
300 mH 

H2 

Erase head (DC type, AC optional) 

10 ft— 300 ft 
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Typical Applications (Continued) 



FIGURE 9A. Monaural Application Circuit 
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FIGURE 9B. Level Diagram for Monaural Application Circuit 
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National 

Semiconductor 


Audio/ Radio Circuits 

PRELIMINARY 


LM1837 Low Noise Preamplifier for Autoreversing Tape 
Playback Systems 


General Description 

The LM1837 is a dual autoreversing high gain tape 
preamplifier for applications requiring optimum noise per- 
formance. It has forward (left, right) and reverse (left, right) 
inputs which are selectable through a high impedance 
logic pin. It is an ideal choice for a tape playback amplifier 
when a combination of low noise, autoreversing, good 
power supply rejection, and no power-up transients are 
desired. The application also provides transient-free 
muting with a single pole grounding switch. 


Features 

■ Programmable turn-on delay 

■ Transient-free power-up - no pops 

■ Transient-free muting 


■ Low noise - 0.6 /*V CCIR/ARM in a DIN circuit refer- 
enced to gain at 1 kHz 

■ Low voltage battery operation - 4V 

■ Wide gain bandwidth due to broadband two amplifier 
approach - 76 dB @ 20 kHz 

■ High power supply rejection - 95 dB 

■ Low distortion - 0.03% 

■ Fast slew rate - 6V//iS 

■ Short circuit protection 

■ Internal diodes for diode switching applications 

■ Low cost external parts 

H Excellent low frequency response 

■ Prevents “click” from being recorded onto the tape dur- 
ing power supply cycling in tape playback applications, 

■ High impedance logic pin for forward/reverse switching 



FIGURE 1. Autoreversing Tape Playback Application 
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Absolute Maximum Ratings 

Supply Voltage 18V Operating Temperature 0°Cto+70°C 

Voltage on Pins 1 and 18 18V Minimum Voltageon Any Pin -0.1 V DC 

Package Dissipation (Note 1) 1390 mW Lead Temperature (Soldering, 10 seconds) 300°C 

Storage Temperature - 65°C to + 1 50°C 


Electrical Characteristics (T a = 25°C, Vcc = 12 V, see Test Circuit, Figure 2) 


Parameter 

Conditions 




Units 

Operating Supply Voltage Range 

R5 Removed from Circuit for Low Voltage Operation 

4 


18 

V 

Supply Current 

Vqc = 12V 


9 

15 

mA 

Total Harmonic Distortion 

f = 1 kHz, V| N = 0.3 mV, Pins 2 and 17, Figure 2 


0.03 | 


% 

THD + Noise (Note 2) 

f = 1 kHz, Vqut = IV, Pins 2 and 17, Figure 2 


o.io ! 

0.25 

% 

Power Supply Rejection 

Input Ref. f = 1 kHz, 1 Vrms 

80 

95 


dB 

Channel Separation (Note 3) 

f = 1 kHz, Output = 1 Vrms, Output to Output 




dB 

Left to Right 


40 

60 


dB 

Forward to Reverse 


40 

60 


dB 

Signal-to-Noise (Note 4) 

unweighted 32 riz.— 1^../*+ KnZ (Note 2) 


58 


HR 


CCIR/ARM (Note 5) 


62 


dB 


A Weighted 


64 


dB 


CCIR, Peak (Note 6) 


52 


dB 

Noise 

Output Voltage CCIR/ARM (Note 5) 


120 

200 

mV 

Input Amplifiers 






Input Bias Current 



0.5 

2.0 

M A 

Input Impedance 

f = 1 kHz 

150 



kn 

AC Gain 


27 

28 

29 

dB 

AC Gain Imbalance 



±0.15 

±0.5 

dB 

DC Output Voltage 


2.1 

2.5 

2.9 

V 

DC Output Voltage Mismatch 

Pins 5 and 14 

-200 

±30 

200 

mV 

Output Source Current 

Pins 5 and 14 

2 

10 


mA 

Output Sink Current 

Pins 5 and 14 

300 

600 


mA 

Logic Level 






Forward 




0.5 

V 

Reverse 


2.2 



V 

Logic Pin Current 



2 

6 

mA 

DC Voltage Change at 

Pins 5 and 14 

Change Logic State 

-100 

±20 

100 

mV 

Output Amplifiers 






Closed Loop Gain 

Stable Operation 

5 



V/V 

Open Loop Voltage Gain 

DC 


100 


dB 

Gain Bandwidth Product 



5 


MHz 

Slew Rate 



6 


V//xS 

Input Offset Voltage 



2 

5 

mV 

Input Offset Current 



20 

100 

nA 

Input Bias Current 



250 

500 

nA 

Output Source Current 

Pin 2 or 17 

2 

10 


mA 

Output Sink Current 

Pin 2 or 17 

400 

900 


mA 

Output Voltage Swing 

Pin 2 or 17 


11 


Vp-p 

Output Diode Leakage 

Voltage on Pins 1 and 18 = 18V 


0 

10 

mA 


Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal 
resistance of 90°C/W junction to ambient. 


Note 2: Measured with an average responding voltmeter using the filter circuit in Figure 4. This simple filter is approximately equivalent to a ‘‘brick wall’’ filter 
with a passband of 20 Hz to 20 kHz (see Application Hints). For 1 kHz THD the 400 Hz high pass filter on the distortion analyzer is used. 

Note 3: Channel separation can be measured by applying the input signal through transformers to simulate a floating source (see Application Hints). Care 
must be taken to shield the coils from extraneous signals. Actual production test techniques at National simulate this floating source with a more complex op 
amp circuit. 

Note 4: The numbers are referred to an output level of 160 mV at pins 2 and 17 using the circuit of Figure 2. This corresponds to an input level of 0.3 mVrms at 333 Hz. 
Note 5: Measured with an average responding voltmeter using the Dolby lab’s standard CCIR filter having a unity gain reference at 2 kHz. 

Note 6: Measured using the Rhode-Schwarz psophometer, model UPGR. 
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Typical Performance Characteristics 


Input Amplifier THD vs 
Input Level 


Input Amplifier Gain and 
Phase vs Frequency 


Output Amplifier Open Loop 
Gain and Phase vs 
Frequency 



0 20 40 60 80 100 

INPUT (mVrms) 



Spot Noise Voltage vs 
Frequency 



10 100 Ik 10k 


FREQUENCY (Hz) 


Spot Noise Current vs 
Frequency 



10 100 Ik 10k 

FREQUENCY (Hz) 


Total Harmonic Distortion 
vs Frequency 



I U 
| 1.0 





CIRCUiT OF FIGURE 2 | 




•OUT = 

1 V 

1 

rms 

lJ 








n 


-THE 

rr 

WITHE 

UT FILTl 

ST 


j 


— r— i — i — i- i 

THD USING 4TH ORDER 
20 Hz-20 kHz FILTER 








r 



THD USING 

WAVE ANALYZEF 

! 


.. i, : 



20 100 500 2k 10k 

FREQUENCY (Hz) 


Turn-On Delay vs 
Component Values and 
Gain 



PSRR vs Frequency 

120 
100 
a so 

i. 

40 

20 

20 50 100 200 500 Ik 2k 5k 10k 20k 
FREQUENCY (Hz) 





Cl 

IN 

RCU 

PU1 
IT G 

REF 

FFIC 

ERR 

UR 

ED 

2 

















"1 
















J 

Vcc = 

U 

= 12V 

LL 


PSRR vs V cc 


120 

100 

80 
60 
40 
20 

4 6 8 10 12 14 16 18 


























NPUT REFERRED 
IRCUIT OF FIGURE 2 

5 REMOVED 
= 1 kHz 

W = 47 dB @ 1 kHz 

■ » i 





Vcc (V) 


10-124 



Typical Performance Characteristics (Continued) 


12 
10 
8 

I 6 

u 

C-J 

4 
2 
0 
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Vcc(V) 


Right to Left Channel 
Separation vs Frequency 
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Forward to Reverse 
Channel Separation vs 
Frequency 


Input Amplifier DC Output 
Voltage vs Temperature 
(Pins 5, 14) 



20 50 100200 500 Ik 2k 5k 10k 20k 
FREQUENCY (Hz) 


3.0 

2.5 

2.0 

1.5 
1.0 
0.5 

0 


-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Connection Diagram 


Dual-ln-Line Package 



LEFT DIODE OUTPUT 
LEFT OUTPUT 
L( + ) IN 
L(-) IN 

LEFT X25 OUT 
LOGIC 

LEFT FORWARD INPUT 
LEFT REVERSE INPUT 
GND 


TOP VIEW 


LM1837 







LM1837 


External Components (Figure 1) 


Component 

R1, C2 


R2, R3 


R4, Cl 


Normal Flange of Value and Function 

2 kfi-40 k«, 0.1 /iF-10 /iF (low leakage) 
Set turn-on delay and second ampli- 
fier’s low frequency pole. Leakage cur- 
rent in C2 results in DC offset between 
the amplifier’s inputs and therefore 
this current should be kept low. R1 is 
set equal to R2 such that any input off- 
set voltage due to bias current is effec- 
tively cancelled. An input offset volt- 
age is generated by the input offset 
current multiplied by the value of these 
resistors. 

2 kfi-40 kfi, 500 kn-10 
Sets the DC and low frequency gain of 
the output amplifier. The total input off- 
set voltage will also be multiplied by 
the DC gain of this amplifier. It is 
therefore essential to keep the input 
offset voltage specification in mind 
when employing high DC gain in the 
output amplifier; i.e., 5 mVx400 = 2V 
offset at the output. 

10 kfi-200 kfi, 0.00047 M F-0.01 /xF 
Set tape playback equalization charac- 
teristics in conjunction with R3 (cal- 
culations for the component values 
are included in the Application Hints 
section). 


Component 

R6 


C3 


R5 


R7 


Normal Range of Value and Function 

2 kfl-47 kO 

Biases the output diode when it is used 
in DC switching applications. This re- 
sistor can be excluded if diode switch- 
ing is not desired. 

100 pF-1000 pF . 

Often used to resonate with tape head 
in order to compensate for tape play- 
back losses including tape head gap 
and eddy current. For a typical cas- 
sette tape head, the resonant fre- 
quency selected is usually between 
13 kHz and 17 kHz. 

100 kfi-10 Mfi 

Increases the output DC bias voltage 
from the nominal 2.5V value (see Appli- 
cation Hints). 

Optionally used for tape muting. The 
use of this resistor can also provide 
“no-pop” turn-off if desired (see Appli- 
cation Hints). 


Simplified Schematic 
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Application Hints (Continued) 


DISTORTION MEASUREMENT METHOD 

In order to clearly interpret and compare specifications 
and measurements for low noise preamplifiers, it is 
necessary to understand several basic concepts of noise. 
An obvious example is the measurement of total harmonic 
distortion at very low input signal levels. Distortion 
analyzers provide outputs which allow viewing of the 
distortion products on an oscilloscope. The oscilloscope 
often reveals that the “distortion” being measured con- 
tains 1) distortion, 2) noise, and 3) 50 or 60 cycle AC line 
hum. 

Line hum can be detected by using the “line sync” on the 
oscilloscope (horizontal sync selector). The triggering of a 
constant waveform indicates that AC line pick-up is pres- 
ent. This is usually the result of electro-magnetic coupling 
into the preamplifiers input or improper test equipment 
grounding, which simply must be eliminated before mak- 
ing further measurements! 

Input coupling problems can usually be corrected by any 
one of the following solutions: 1) shielding the source of 
the magnetic field (using mu metal or steel), 2) mag- 
netically shielding the preamplifier, 3) physically moving 
the preamplifier far enough away from the magnetic field, 
or 4) using a high pass filter (f 0 = 200 Hz-1 kHz) at the out- 
put of the preamplifier to prevent any line signal from 
entering the distortion analyzer. Ground loop problems 
can be solved by rearranging ground connections of the 
circuit and test equipment. 

Separating noise from distortion products is necessary 
when it is desired to find the actual distortion and not the 
signal-to-noise ratio of an amplifier. The distortion pro- 
duced by the LM1837 is predominantly a second har- 
monic. It is for this reason that the third and higher order 
harmonics can be filtered without resulting in any ap- 
preciable error in the measurement. The filter also reduces 
the amount of noise in the measured data. Another more 
tedious technique for measuring THD is to use a wave 
analyzer. Each harmonic is measured and then summed in 
an rms calculation. A typical curve is plotted for distortion 
vs frequency using this method. A typical curve is also in- 
cluded using a 20 Hz to 20 kHz 4th order filter. 

To specify the distortion of the LM1837 accurately and 
also not require unusual or tedious measurements the fol- 
lowing method is used. The output level is set to 1 Vrms at 
1 kHz (approximately 5 mV at the input). The output is 
filtered with the circuit of Figure 4 to limit the bandwidth of 
the noise and measured with a standard distortion 
analyzer. The analyzer has a filter that is switched in to 
remove line hum and ground loop pick-up as well as unre- 
lated low frequency noise. The resulting measurement is 
fast and accurate. 


SIGNAL-TO-NOISE RATIO 

In the measurement of the signal-to-noise ratio, misinter- 
pretations of the numbers actually measured are com- 
mon. One amplifier may sound much quieter than another, 
but due to improper testing techniques, they appear equal 
in measurements. This is often the case when comparing 
integrated circuit to discrete preamplifier designs. Dis- 
crete transistor preamps often “run out of gain” at high 
frequencies and therefore have small bandwidths to noise 
as indicated in Figure 5. 



FREQUENCY (Hz) 

FIGURE 5 

Integrated circuits have additional open loop gain allow- 
ing additional feedback loop gain in order to lower har- 
monic distortion and improve frequency response. It is 
this additional bandwidth that can lead to erroneous 
signal-to-noise measurements if not considered during 
the measurement process. In the typical example above, 
the difference in bandwidth appears small on a log scale 
but the factor of 10 in bandwidth (200 kHz to 2 MHz) can 
result in a 10 dB theoretical difference in the signal-to- 
noise ratio (white noise is proportional to the square root 
of the bandwidth in a system). 

In comparing audio amplifiers it is necessary to measure 
tha magnitude of noise in the audible bandwidth by using 
a “weighting” filter. 1 A “weighting” filter alters the fre- 
quency response in order to compensate for the average 
human ear’s sensitivity to certain undesirable frequency 
spectra. The weighting filters at the same time provide the 
bandwidth limiting as discussed in the previous 
paragraph. 

The 32 Hz to 12740 Hz filter shown in Figure 4 is a simple 
two pole, one zero filter, approximately equivalent to a 
“brick wall” filter of 20 Hz to 20 kHz. This approximation is 
absolutely valid if the noise has a flat energy spectrum 
over the frequencies involved. In other words a measure- 
ment of a noise source with constant spectral density 


A 
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Application Hints (Continued) 


through either of the two filters would result in the same 
reading. The output frequency response of the two filters 
is shown in Figure 6. 




FIGURE 6 

Typical signal-to-noise figures are listed for several 
weighting filters which are commonly used in the meas- 
urement of noise. The shape of all weighting filters is 
similar with the peak of the curve usually occu/ring in the 
3 kHz-7 kHz region as shown in Figure 7. 



In addition to noise filtering, differing meter types give dif- 
ferent noise readings. Meter responses include: 1) rms 
reading, 2) average responding, 3) peak reading, and 
4) quasi peak reading. Although theoretical noise analysis 
is derived using true rms (root mean square) based calcu- 
lations, most actual measurement is taken with ARM 
(Average Responding Meter) test equipment. 

Unless otherwise noted an average responding meter is 
used for all AC measurements in this data sheet. 


BASIC CIRCUIT APPROACH 

The LM1837 1C incorporates a two stage broadband 
design which minimizes noise, attains overall DC stability 
and prevents audible transients during turn-on. 

The first stage consists of four direct coupled preampli- 
fiers with internal gain of 25V/V (28 dB). Direct coupling to 
the tape head reduces input source impedance and exter- 
nal component cost by removing the input coupling ca- 
pacitor. A typical input coupling capacitor of 1 /*F has a 
reactance of 1.5 k ft at 100 Hz. The resulting noise due to 
the amplifier’s input noise current can dominate the noise 
voltage at the output of the playback system. The inputs of 
the amplifiers are biased from a common reference volt- 
age that is temperature compensated to produce a quies- 
cent DC voltage of 2.5V at the output of the first stage. The 
input stage bias current that flows through the tape head 
is kept below 2 fiA in order to prevent any erasure of tape 
moving past the head. An added advantage of DC biasing 
is the prevention of large current transients during the 
charging of coupling capacitors ai turn-on anu ium-On. 
The outputs of the forward and reverse preamplifier are 
fed to the common output op amp through a logic con- 
trolled switch. 

The second stage provides additional gain and proper 
equalization while preventing audible turn-on tran- 
sients or “pops”. The output (pin 2) is kept low until C2 
charges through R1 . When the voltage on C2 gets close to 
the DC voltage on pin 5, the output rises exponentially to 
its final DC value. The result is a transient-free turn-on 
characteristic. 

Internal diodes are provided to facilitate electronic diode 
switching popular in automotive applications. 

The General Test Circuit illustrates the topography of the 
system. The components determining the overall fre- 
quency response are external due to the extreme sensitiv- 
ity when matching a DIN equalization curve. 

MUTE CIRCUIT AND LOGIC 

The LM1837 can be muted with the addition of two 
resistors and a grounding switch, as shown in Figure 1. 
When the circuit is not muted the additional resistors have 
no effect on the AC performance. They do have an effect 
on the DC Q point however. 

The difference in the DC output voltages of the input am- 
plifiers is applied across the mute resistors (R7) and the 
positive input resistors (R1). This results in an additional 
offset at the input of the output amplifiers. To keep this off- 
set to a minimum R7 should be as large as possible to 
achieve effective muting. Unmute voltage is the peak sig- 
nal the preamplifier can swing without turning on the out- 
put amplifier under mute conditions: 

Unmute voltage = 

v R5//R3 R7 T 

V PIN 5, 14 [ R2 + R5//R3 R1 + R7 J 
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Application Hints (Continued) 


For example: The circuit in Figure 1 has 2.5 V DC at pins 5 
and 14, so: 


Unmute voltage = 


2.5V 


1.2M//1.5M 
10k+ 1.2M//1 .5M 


270k " I 
10k + 270kJ 


= 52.3 mV 


It may be necessary to slow the transition of the logic pin if 
the mute circuit is not used. The forward and reverse 
preamplifier output DC voltages can differ by ±100 mV. 
This rapid DC charge is gained up by the output amplifier 
and appears as a pop. The circuit of Figure 8 will slow the 
DC transition. 


V+=12V 



FIGURE 8. Circuit to Slow Logic 


DESIGN EQUATIONS 


The overall gain of the circuit is given by: 


A v = 25 



( s+ i^r) 

,+ : i—\ 

(R3 + R4)C1/ 


(D 


Standard cassette tapes require equalization of 3180 n s 
(50 Hz) and 120 ^s (1.3 kHz). These time constants result in 
an AC gain at 1 kHz given by: 

A v(1KHz) = 25(p^B3_) 

Using the pole and zero locations of the transfer function, 
the two other equations needed to solve for the compo- 
nent values are: 


1.663 


3180 /is or 50 Hz 

and }( 2 ) 
120 /is or 1326 Hz I 


R4 2,rC1(1326 Hz) <3> 

DO 1 1 _ 1 M\ 

2ttC 1(50 Hz) 2 ttC1(1326 Hz) 2ttC1(51.96) [ ’ 


We can now solve for Cl as a function of R2, or: 



1 

r i i 

1 

|_27tC1 (1 326) J 

[2ttC1(51.96)_ 


2ttC1(50) 

] 


Ay(1 kHz) = - 25^ ^ ^ 4 |(1.663) 


(5) 


Cl = 


-4.80x 10 ~ 3 
R2[A V (1 kHz)] 


( 6 ) 


When chromium dioxide tape is used, the defined time 
constants are 3180 /is and 70 /is. This changes equation (3) 
to: 

R4= 2ttC1(2274 Hz) 

The value of R3 is normally not changed. This results in an 
error of less than 0.2 dB in the low frequency response. 

The output voltage of the LM1837 is set by the input 
amplifier DC voltage at pin 5 or 14, and by R3 and R5. 

NominalV OUT (pin2or17) = 2.5(l + 5| j (8) 

Pins 1 and 18 are biased 0.7V less than V 0 ut (P in 2 or 17). 
When these diodes are used the output (pin 2 or 17) should 
be biased at one half the minimum operating supply 
voltage. Equation (8) can be rewritten to solve for R5. 


R5 = 


2.5 R3 
Vq-2.5 


( 9 ) 


The output voltage of the LM1837 will vary from that given 
m equation (8) due to variations in the input amplifier DC 
voltage as well as the output amplifier input bias current, 
input offset current and input offset voltage. The following 
equation gives the worst-case variation in the output volt- 
age in either forward or reverse state. 


aV out= ± |aVpin3 + + 1^1 ( a, bias(R1 - R2) + 

'^ s (R1 + R2) + Vosjj (10) 


Using the worst-case, values in the electrical characteris- 
tics reduces this to 

AVout=± [o.4 (i + |) +H (200nA(R1 -R2) + 

50nA(R1 + R2) + 5mV)J (11) 

Equation 10 does not incorporate the effect of mute 
resistors on the output voltage. The presence of mute 
resistors causes an additional offset 

AVo UT(m ute)= ± «^p X R1 (12) 


For the circuit in Figure 1 worst-case: 


AVquj (mute) = 


400 mV 
2(20k + 270k) 


X1.5M = IV 


This means that the output pins 2 and 17 would differ by IV. 
The trade off here is the amount of unmute voltage versus 
the DC accuracy of pins 2 and 17. 

The turn-on delay is set by R1 and C2; delay can be approxi- 
mated by: 

Delay timet = R1C2£n (g c )(|) (13) 
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EXAMPLE 

If we desire a tape preamp with 100 mV output signal from 
a tape head with a nominal output of 0.5 mV at 1 kHz for 
standard ferric cassette tape, the external components 
are determined as follows. The value of R2 is arbitrarily set 
to 10 kft. 

R1 = R2 = 10k 


This minimizes errors due to the output amplifier bias 
currents. 


C1 = 


-4.80x 10 ~ 3 

iokq M 

0.5 mV J 


= 2400 pF— 0.0022 /xF 


Use 0.0022 /*F and determine: 
1 


R4 = 

R3 = 


2x01(1326) 

1 


= 54.6 kft- 54.9 kft1% 
= 1.39 Mft-1.4 Mft 1 % 


To bias the output amplifier output voltage at 6V (half 
supply): 


The maximum variation in the output voltage .is found 
using equation (11): 

AVqut = — 1.9 V 

The low frequency response and turn-on delay determine 
the value of C2. For R1 = 10k and C2 = 10 ixF the low 
frequency 3 dB point is 1.6 Hz and the turn-on delay is 
0.4 seconds, from equation (12). 

The complete circuit is shown in Figure 2. A circuit with 
5% components and biased for a minimum supply of 10V 
is shown in Figure 1. If additional gain is needed R1 and R2 
can be reduced without changing the frequency response 
of the circuit. 


DIODE SWITCHING 

The LM1837 has a diode in series with each output for 
source switching applications. The outputs of several 
functional blocks can be diode OR-connected as shown in 
Figure 9. 

By removing the power supply from the FM demodulator, 
its output diode will be cut off by the LM1837 output DC 
voltage. R6 is used to bias ON the diode of the LM1837 
when power is applied to it. When the output is taken from 
pin 1 or pin 18, the THD will be higher because of the cur- 
rent modulation in the diode. 



FIGURE 9 


CROSSTALK AND CHANNEL SEPARATION 

When two signal sources share a common reference point 
which is separated from ground by a resistance, there will 
always be some amount of interchannel crosstalk (the re- 
ciprocal of channel separation) induced. The coupling 
method of Figure 1 is examined to determine whether the 
induced crosstalk is acceptably low. 

Figure 10 is the equivalent AC circuit for the connection 
scheme of Figure 1. R B is the Thevenin resistance of the 
common bias point, R jN is the preamplifier input 
resistance, Z s is the impedance of the playback head, and 
V S 7 , V S8 , V S11 , and V S12 are the open-circuit output voltages 
of the sources. If we set V S8 , V S11 , and V S12 equal to zero, 
we can define crosstalk for this circuit as V12/V7, where 
V7 and V12 are the AC signal voltages appearing at the two 
preamplifier inputs, assuming R B < < R (N /3. 

The crosstalk can be shown to be: 

V12 _ 

V7 R B + Zs + Rin/3 

Since Z s is dependent on the measurement frequency and 
the particular head used, we choose the worst-case condi- 
tion and set Z s = 0. The minimum valueof Rin is 150 kft, and 
R b = 100ft. This yields a crosstalk figure of: 


V12 

V7 


100 

50100 


- 54 dB 


This is 14 dB better than the minimum guaranteed channel 
separation, so the connection method of Figure 1 will pro- 
vide acceptable crosstalk levels. 


Reference 1: CCIR/ARM: A Practical Noise Measurement 
Method; by Ray Dolby, David Robinson and Kenneth 
Gundry, AES Preprint No. 1353 (F-3). 



FIGURE 10. AC Equivalent of Figure 1 
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LM1865/LM1965 Advanced FM iF System 


General Description 

Reduced external component cost, improved perform- 
ance, and additional functions are key features to the 
LM1865/LM1965 FM IF system. The LM1865 is designed for 
use in electronically tuned radio applications. This version 
contains both deviation and signal level stop circuitry in 
addition to an open-collector stop output. The LM1965 is 
designed for use in manually tuned radios and provides a 
deviation and signal level mute function in addition to a 
pin that disables the mute function when grounded. 


Features 

■ On-chip buffer to provide gain and terminate two 
ceramic filters 

■ Low distortion 0.1% typical with a single tuned quadra- 
ture coil 

■ Broad off frequency distortion characteristic 


■ Low THD at minimum AFT offset 

■ Meter output proportional to signal level 

■ Mute function with mute disable and soft deviation 
mute for LM1965 

■ Stop detector with open-collector output for LM1865 

■ Adjustable signal level mute/stop threshold, controlled 
either by ultrasonic noise in the recovered audio or by 
the meter output 

■ Adjustable deviation mute/stop threshold 

■ Separate time constants for signal level and deviation 
mute/stop 

■ Dual threshold AGC eliminates need for local/distance 
switch and offers improved immunity from third order 
intermodulation products due to tuner overload 

■ User control of both AGC thresholds 

■ Excellent signal to noise ratio, AM rejection and system 
limiting sensitivity 


Block Diagram 



FIGURE 1 
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Absolute Maximum Ratings 




Supply Voltage, Pin 17 

Package Dissipation (Note 1) 

Storage Temperature Range 

Operating Temperature Range 

Max Voltage on Pin 16 (Stop Output) for LM1865 
Lead Temperature (Soldering, 10 seconds) 

16V 

1.7W 

- 55°Cto + 150°C 

0°Cto + 70°C 

16V 

300°C 



Electrical Characteristics Test Circuit, T a = 25°C, V + = 12 V; SI in position 2; S2 in position 1 ; and S3 in position 2 
unless indicated otherwise 

j Parameter 

Conditions 


EH 


| Units 

STATIC CHARACTERISTICS 

Supply Current 



43 


mA 

Pin 9, Regulator Voltage 



5.7 


V 

Operating Voltage Range 

(See Note 2) 

7.3 


16 

V 

Pin 18, Output Leakage Current 

Pin 20 Open, V !F = 0, S3 in Position 1 


0.1 


/* A 

Pin 16, Stop Low Output Voltage (LM1865 Only) 

SI in Position 1, S2 in Position 3 


0.3 


V 

Pin 16, Stop High Output Leakage Current 
(LM1865 Only) 

S2 in Position 2, V14 = V9 


0.1 


/*A 

Pin 15, Audio Output Resistance 



4.7 


kfi 

Pin 1, Buffer Input Resistance 

Measured at DC 


350 


Q 

Pin 3, Buffer Output Resistance 

Measured at DC 


350 



Pin 20, Wide Band Input Resistance 

Measured at DC 


2 


kfi 

Pin 8, Meter Output Resistance 



760 


Q 

DYNAMIC CHARACTERISTICS f M0D = 400 Hz, f c = 10.7 MHz, DEVIATION = ± 75 kHz 

-3 dB Limiting Sensitivity 

IF Only (See Note 3) 


60 


fNr ms 

Buffer Voltage Gain 

V, N Pin 1 = 10 mVrms at 10.7 MHz 


26 


dB 

Recovered Audio 

V| F = 10 mVrms, V14 = V9 


390 


mVrms 

Signal-to-Noise 

V| F = 10 mVrms, V14 = V9 (See Note 4) 


84 


dB 

AM Rejection 

V14 = V9 

V, F = 1 mV, 30% AM Mod 

V IF =10mV, 30% AM Mod 


60 

60 


■ 

dB 

dB 

Minimum Total Harmonic Distortion 

V, F = 10 mV 


0.1 


% 

THD at Frequency where V14 = V9 
(Zero AFT Offset) 

V|p= 10 mV, Tune until V14 = V9 


0.1 


% 

THD ± 10 kHz from Frequency where V14 = V9 

V| F = 10 mV 


0.15 


% 

AFT Offset Frequency for Deviation Mute 
(LM1965 Only) 

V| F = 10 mV, Audio = -3dB, S2 in Position 4 

Offset = (Frequency for - 3 dB Audio) - 
(Frequency where V14 = V9) 


±45 


kHz 

AFT Offset Frequency for Low Stop Output at 
Pin 16 (LM1865 Only) 

V| F = 10 mV, S2 in Position 3, fMOD = ° 

Offset = (Frequency for Pin 16 Low) - 
(Frequency where V14 = V9) 


±40 


kHz 

Ultrasonic Mute/Stop Level Threshold 

V14 = V9, SI in Position 3 (See Note 5) 

V 1F = 10 mV 
^mod = 80 kHz 

S2 in Position 4 (LM1965) 

S2 in Position 3 (LM1865) 

Amount of Deviation where Audio Mutes (LM1965) 
Amount of Deviation where V16— 12V (LM1865) 


75 


kHz 
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Electrical Characteristics (Continued) Test Circuit, T A = 25°C, V + = 12V; SI in position 2; S2 in position 1; and S3 in 
position 2 unless indicated otherwise 


Parameter 

Conditions 

IM 

d 


Units 

DYNAMIC CHARACTERISTICS (Continued) f M0D = 400 Hz, f 0 = 10.7 MHz, DEVIATION = ± 75 kHz | 

Pin 13 Mute/Stop Threshold Voltage 

V14 = V9, SI in Position 4 

S2 in Position 4 (LM1965) 

S2 in Position 3 (LM1865) 

V13 where Audio Mutes (LM1965) 

V13 where V16-12V (LM1865) 


220 


mV 

Amount of Muting (LM1965 Only) 

S2 in Position 4, SI in Position 1, V 1F = 10 mV 


66 


dB 

Amount of Muting with Pin 13 and 

SI in Position 1 


0 

0 

dB 

Pin 16 Grounded 

V14 = V9, V, F = 10 mV 





Narrow Band AGC Threshold 

Increase IF Input until Iagc = °-1 mA 

Pin 20 = 30 mVrms 


200 


/tVrrns 

Wide Band AGC Threshold 

V| F = 100 mVrms 

Increase Signal to Pin 20 until Iagc = 0.1 mA 


9 


mVrms 

Pin 18, Low Output Voltage 

V| N Pin 20 = 100 mV, V| F = 100 mVrms 


0.3 


V 

Pin 8, Meter Output Voltage 

V,F = 10/iV 


0.1 


V 


V| F = 300 fiV 


1.1 


V 


V, f = 3 mV 


2.6 


V 


Note 1: Above T A = 25°C derate based on Tj(max) = 150°C and 0j A = 75°C/W. 

Note 2: All data sheet specifications are for V + = 12V and may change slightly with supply. 

Note 3: When the IF is preceded by 26 dB gain in the buffer, excellent system sensitivity is achieved. 

Note 4: Measured with a notch at 60 Hz and 20 Hz to 100 kHz bandwidth. 

Note 5: FM modulate RF source with an 80 kHz audio signal and find what modulation level, expressed as kHz deviation, results in audio mute for the LM1965 
or V16 — 12V for the LM1865. 

Test Circuit 



10-134 












10-135 


LM1865/LM1965 



LM1865/LM1965 



IC External Components (see Application Circuit) 


Component 

Typical Value 

Comments 

Cl 

0.01 fiF 

AC coupling for wide band AGC input 

C2 

0.01 fiF 

Buffer and AGC supply decoupling 

C3, C4 

0.01 ix F 

IF decoupling capacitors 

C5 

10 ixF 

Meter decoupling capacitor 

C6 

0.01 nF 

AC coupling for IF output 

07 

50 fiF 

Regulator decoupling capacitor, affects S/N floor 

C8 

2.2 nF 

Level mute/stop time constant 

C9 

5/xF 

AFT decoupling, affects stop time 

CIO 

0.1 nF 

Disables noise mute/stop 

C11 

0.01 (x F 

AC coupling for noise mute/stop threshold adjust 

C12 

25 ixF 

Supply decoupling 

C13 

0.01 ixF 

AGC output decoupling capacitor ' 

R1 

Tuner Dependent 

Wide band AGC threshold adjust 

R2, R3 

Tuner Dependent 

Gain set and bias for IF; R2 + R3 = 330ft to terminate ceramic filter 

R4 

Meter Dependent 

Sets full-scale on meter 

R5 

5k1 

Deviation mute/stop window adjustment 

R6 

25k 

Mute/stop filter, affects stop time 

R 7 

5k 

Level mute/stop threshold adjustment 

R8 

10k Pot 

Level mute/stop threshold adjustment 

R9 

3k6 

Noise mute/stop threshold adjustment, decrease resistor for lower 
S/N at threshold 

RIO 

10k 

Load for open-collector stop output 

R11 

50k 

AGC output load resistor for open-collector output 

R12 

3k9 

Sets Q of quadrature coil affecting THD, S/N and recovered audio 

LI 

18 /*H 

Sets signal swing across quadrature coil 

T1 

i — *■ — | Q u >70 @ 10.7 MHz, L to 10.7 MHz quadrature coil; Q U |_>70 

‘u T -L resonate w/82 pF @ 10.7 MHz 
^ 82pF [ TOKO KAC-K2318 or equivalent 

CF1, CF2 

a 

MuRata SFE10.7ML or equivalent 

10.7 MHz ceramic resonators provide selectivity; good group delay 
characteristics important for low THD of system 
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Typical Application 


LAYOUT CONSIDERATIONS 

Although the pinout of the LM1865/LM1965 has been 
chosen to minimize layout problems, some care is re- 
quired to insure stability. The ground terminal on CF1 
should return to both the input signal ground and the 


buffer ground, pin 19. The ground terminal on CF2 should 
return to the ground side of C4. The quadrature coil T1 and 
inductor LI should be separated from the input circuitry as 
far as possible. 


PC Layout (Component Side) 


METER 



PERFORMANCE CHARACTERISTICS OF TYPICAL 
APPLICATION WITH TUNER 

The following data was taken using the typical application 
circuit in conjunction with an FM tuner with 43 dB of gain, 
a 5.5 dB noise figure, and 30 dB of AGC range. The tuner 


was driven from a 50Q source. 75 fxs of de-emphasis was 
used on the audio output, pin 15. The 0 dB reference is for 
± 75 kHz deviation at 400 Hz modulation. 


Meter Output and 
Signal-to-Noise 
vs Tuner Input 



TUNER INPUT (y\l) 

-3 dB limiting = 0.9 yV 
30 dB quieting = 1.4 yV 
Level stop/mute threshold = 1.4 y\l 
Deviation mute window ( - 3 dB) = ± 45 kHz 


Total Harmonic Distortion vs 
Tuner Input 



0.1 1 10 100 Ik 10k 100k 1000k 

TUNER INPUT [y\l) 


AM Rejection vs Tuner 
Input 



0.1 1 10 100 Ik 10k 100k 1000k 

TUNER INPUT (/xV) 


10 
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Application Notes 


ADJUSTABLE MUTE/STOP THRESHOLD 

The threshold adjustments for the mute and stop func- 
tions are controlled by the same pins. Thus, the term 
mute/stop will be used to designate either function. 

The adjustable mute/stop threshold in the LM1865/LM1965 
allows for user programming of the signal level at which 
muting or stop indication takes place. The adjustment can 
be made in two mutually exclusive ways. The first way is to 
take a voltage divider from the meter output (pin 8) to the 
off channel mute input (pin 13). When the voltage at pin 13 
falls below 0.22V, an Internal comparator is tripped caus- 
ing muting or causing the stop output to go low. Adjust- 
ment of the voltage divider ratio changes the signal level 
at which this happens. 

The second method of mute/stop detection as a function 
of signal level is to use the presence of ultrasonic noise in 
the recovered audio to trip the internal comparator. As the 
signal level at the antenna of the radio drops, the amount 
of noise in the recovered audio, both audible and ultra- 
sonic, increases. 

The recovered audio is internally coupled through a high 
pass filter to pin 13 which is internally biased above the 
comparator trip point. Large negative-going noise spikes 
will drive pin 13 below the comparator trip point and cause 
mute/stop action. A simplified circuit is shown in Figure 4. 

Since the input to the comparator is noise, the output of 
the comparator is noise. Consequently, a mute/stop filter 
on pin 12 is required to convert output noise spikes to an 
average DC value. This filter is not necessary if pin 13 is 
driven from the meter. 

Adjustment of the mute/stop threshold in the noise mode 
is accomplished by adjusting the pole of the high pass 
filter coupled to the comparator input. This is done with a 
series capacitor/resistor combination, R9 C11, from pin 13 
to ground. As the pole is moved higher in frequency (i.e., R9 


gets smaller) more ultrasonic noise is required in the re- 
covered audio in order to initiate mute/stop action. This 
corresponds to a weaker signal at the antenna of the 
radio. In choosing the correct value for R9 it is important to 
make sure that recovered audio below 75 kHz is not suffi- 
cient to cause mute/stop action. This is because stereo 
and SCA information are contained in the audio signal up 
to 75 kHz. Also note that the ultrasonic mute/stop circuit 
will not operate properly unless atuner is connected to the 
IF. This is because, at low signal levels, the noise at the 
tuner output dominates any noise sources in the 1C. Con- 
sequently, driving the 1C directly with a 5012 generator is 
much less noisy than driving the 1C with a tuner and there- 
fore not realistic. The RC filter on pin 12 not only filters out 
noise from the comparator output but controls the “feel” 
when manually tuning. For example, a very long time con- 
stant will cause the mute to remain active if you rapidly 
tune through valid strong stations and will only release the 
mute if you slowly tune to a valid station. Conversely, a 
short time constant will allow the mute to kick in and out 
as one tunes rapidly through valid stations. 

The advantage in using the noise mute/stop approach ver- 
sus the meter driven approach is that the point at which 
mute/stop action occurs is directly related to the signal- 
to-noise ratio in the recovered audio. Furthermore, the 
mute/stop threshold is not subject to production varia- 
tions in the meter output voltage at low signal levels, and 
thus might be able to be set without a production adjust- 
ment of the radio. However, the noise mute/stop approach 
can not be used if it is desired to set the mute/stop 
threshold for strong signal levels. This is because for 
strong signal levels the S/N level is too large to allow for 
the activation of the noise mute/stop circuit without mov- 
ing the pole of the high pass filter so low that the noise 
mute/stop circuit becomes sensitive to recovered audio 
below 75 kHz. Thus, for setting the mute/stop threshold 
for strong signal levels, the meter driven approach is best. 



FIGURE 4. Simplified Level Mute/Stop Circuit 
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Application Notes (Continued) 

DEVIATION MUTE/STOP 

As with the LM3189, the resistor connected between V REG 
(pin 9) and the AFT (pin 14) sets the deviation mute/stop 
window (see Typical Performance Characteristics). The 
LM1965 was designed with a soft deviation mute. This 
means that the audio is gradually muted as you off tune 
from center frequency. Gradually muting avoids the prob- 
lem of an audio pop which would otherwise occur due to 
the unavoidable DC voltage shift at the audio output that 
accompanies the muting action. Capacitor C9 on the AFT 
pin sets the time constant for the deviation mute/stop in- 
dependent of the level mute/stop time constant. C9 
should be large enough to remove the audio from the AFT. 
The AFT pulls high at low signal levels if the IF is driven 
directly from a 5012 generator and not a tuner. This is a 
result of a loss of signal across the quad coil and a result- 
ing phase shift in the quadrature detector. This phase shift 
offsets the AFT. With a tuner and sufficient IF gain, at low 
signal levels there will be enough noise across the quad 

* ' A A I L ATT^USXl TUm* 
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taken when adjusting the IF gain (which is done by adjust- 
ing the ratio of R3 to R2) to minimize the AFT shift. Ground- 
ing pin 16 on the LM1965 will disable the mute function. 

STOP TIME 

An electronically tuned radio (ETR) pauses at fixed inter- 
vals across the FM band and awaits the stop indication 
from the LM1865. If, within a predetermined period of time, 
no stop indication is forthcoming, the controller circuit 
concludes that there is no valid station at that frequency 
and will tune to the next interval. There are several time 
constants that can affect the amount of time it takes the 
LM1865 to output a valid stop indication on pin 16. In this 
section each time constant will be discussed. 

Deviation Stop Time Constant 

An offset voltage is generated by the AFT if the LM1865 is 
tuned to either side of a station. Since deviation stop de- 
tection in the LM1865 is detected by the voltage at pin 14, it 
is important that this voltage move fast enough to make 
the deviation stop decision within the time allowed by the 
controller. The speed at which the voltage at pin 14 moves 
is governed by the RC time constant, R5 C9. This time con- 
stant must be chosen long enough to remove recovered 
audio from pin 14 and short enough to allow for reasonable 
stop detection time. 

Signal Level Stop Using Ultrasonic Noise Detection 

As previously mentioned, the R6 C8 time constant on pin 12 
is necessary to filter the noise spikes on the output of the 
internal comparator in the LM1865/LM1965. This time con- 
stant also determines the level stop time. When the volt- 
age at pin 12 is above a threshold voltage of about 0.6V, the 
stop output is low. The maximum voltage at pin 12 is about 
0.8V. The level stop time is dominated by the amount of 
time it takes the voltage at pin 12 to fall from 0.8V to 0.6V. 
The voltage at pin 12 follows an exponential decay with RC 


time constant given by R6 C8. For example if R6 = 25k and 
C8 = 2.2 fiF the stop time is given by 

1 = - (24k) (2.2 /iF) tn 

which yields t = 15 ms. It should be noted that the 0.6V 
threshold at pin 12 has a high temperature dependence 
and can move as much as 100 mV in either direction. 

Signal Level Stop Using the Meter Output, Pin 8 

As mentioned previously, R6 C8 is not necessary when the 
meter output is used to drive pin 13. Consequently, this 
time constant is not a factor in determining the stop time. 
However, the speed at which the meter voltage can move 
may become important in this regard. This speed is a func- 
tion of the resistive load on pin 8 and filter capacitance, C5. 

AGC Time Constant 

In tuninq from a stronq station to a weaker station above 
the level stop threshold, the AGC voltage will move in 
order to try to maintain a constant tuner output. The AGC 
voltage must move sufficiently fast so that the tuner is 
gain increased to the point that the level stop indicates a 
valid station. This time constant is controlled by R11 
and C13. 

DISTORTION COMPENSATION CIRCUIT 

The quadrature detector of the LM1865/LM1965 has been 
designed with a special circuit that compensates for dis- 
tortion generated by the non-linear phase characteristic of 
the quadrature coil. This circuit not only has the effect of 
reducing distortion, but also desensitizes the distortion as 
a function of tuning characteristic. As a result, low distor- 
tion is achieved with a single tuned quad coil without the 
need for a double tuned coil which is costly and difficult to 
adjust on a production basis. The lower distortion has 
been achieved without any degradation of the noise floor 
of the audio output. Furthermore, the compensation cir- 
cuit first-order cancels the effect of quadrature coil Q on 
distortion. 

When measuring the total harmonic distortion (THD) of 
the LM1865/LM1965, it is imperative that a low distortion 
RF generator be used. In the past it has been possible to 
cancel out distortion in the generator by adjustment of the 
quadrature coil. This is because centering the quadrature 
coil at other than the point of inflection on the S-curve in- 
troduces 2nd harmonic distortion which can cancel 2nd 
harmonic distortion in the generator. Thus low THD 
numbers may have been obtained wrongly. Large AFT off- 
sets, asymmetrical off tuning characteristic, and less 
than minimum THD will be observed if alignment of the 
quadrature coil is done with a high distortion RF 
generator. 

Care must also be taken in choosing ceramic filters for the 
LM1865/LM1965. It is important to use filters with good 
group delay characteristics and wide enough bandwidth 
to pass enough FM sidebands to achieve low distortion. 
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Application Notes (Continued) 

The LM1865/LM1965 has been carefully designed to insure 
low AFT offset current at the point of minimum THD. AFT 
offset currrent will cause a non-symmetric deviation 
mute/stop window about the point of minimum THD. No 
external AFT offset adjustment should be necessary with 
the LM1865/LM1965. 

DUAL THRESHOLD AGC 
(AUTOMATIC LOCAL/DISTANCE SWITCH) 

There is a well recognized need in the field for gain reduc- 
ing (AGCing) the front end (tuner) of an FM receiver. This 
gain reduction is important in preventing overload of the 
front end which might occur for large signal inputs. Over- 
loading the front end with two out-of-band signals, one 
channel spacing apart and one channel spacing from 
center frequency, or, two channel spacings apart and two 
channel spacings from center frequency, will produce a 
third order intermodulation product (IM 3 ) which falls in- 
band. This IM 3 product can completely block out a weaker 
desired station. The AGC in the LM1865/LM1965 has been 
specially designed to deal with the problem of IM 3 . 

With the LM1865/LM1965 system, a low AGC threshold is 
achieved whenever there are strong out-of-band signals 
that might generate an interfering IM 3 product, and a high 


AGC threshold is achieved if there are no strong out-of- 
band signals. The high AGC threshold allows the receiver 
to obtain its best signal-to-noise performance when there 
is no possibility of an IM 3 product. The low AGC threshold 
allows for weaker desired stations to be received without 
gain-reducing the tuner. It should be noted that when the 
AGC threshold is set low, there will be a signal-to-noise 
compromise, but is assumed that it is more desirable to 
listen to a slightly noisy station than to listen to an 
undesired IM 3 product. The simplified circuit diagram 
(Figure 5) of the AGC system shows how the dual AGC 
thresholds are achieved. 


V m = IV corresponds to a fixed in-band signal level(defined 
as V NB ) at the tuner output. Vn B will be referred to as the 
“narrow band threshold”. V WB also corresponds to a fixed 
tuner output which can either be an in-band or out-of-band 
signal. This fixed tuner output will be called the “wide 
band threshold”. Always V WB >V NB . R11 and C13 define 
the AGC time constant. A reverse AGC system is shown. 
This means that V AGC decreases to gain-reduce the tuner. 
The LM1865/LM1965 AGC output is an open-collector cur- 
rent source capable of sinking at least 1 mA. The AGC 
voltage can move over the full range of the V + supply. 


ANTENNA 



lAGC = Gm 2 v o where Gm2 = h/26 mV and 
V 0 >V\/vb otherwise IaGC = 0 


FIGURES. Dual Threshold AGC 
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Applications Information (Continued) 

First examine what happens with a single in-band signal 
as we vary the strength of this signal. Figures 6 and 7 il- 
lustrate what happens at the tuner and AGC outputs. 

TUNER OUTPUT 



In Figure 7 there is no AGC output until the tuner output 
equals the wide band threshold. At this point the AGC 
holds the tuner output in Figure 6 relatively constant. 

Another simple case to examine is that of the single out- 
of-band signal. Here there is no AGC output even if the 
signal exceeds V WB . There is no output because the 
ceramic filters prevent the out-of-band signal from getting 
to the input of the IF. With no signal at the IF input there is 
no meter output and thus l-| = 0, which means Iagc = 0- 

Figures 8 and 9 illustrate what happens at the tuner and 
AGC outputs when the strength of an in-band signal is 
varied in the presence of a strong out-of-band signal (i.e., 
greater than V WB ) which is held constant at the tuner 
input. For this example, the in-band signal at the tuner out- 
put will be referred to as V D (desired signal), and the out-of- 
band signal as V UD (undesired signal). 

In Figure 9, we see that there is no AGC output until the 
tuner output exceeds the narrow band threshold, V NB . At 
this point V m >1V and current l-|>0. Further increase of 
the desired signal at the tuner input results in an AGC cur- 

1 11 x I U II 

I Cl 1 1 LI Id LI ICO LVJ I ICIU LI 1C UCOII CC OI^MUI Ul LI »W 

constant. This gain reduction of the tuner forces the unde- 
sired signal at the tuner output to fall. At the point that V UD 
reaches the wide band threshold, no further gain re- 
duction can occur as V c would fall below V W b (refer to 
Figure 5). At this point, control of the AGC shifts from the 
meter output (narrow band loop) to the out-of-band signal 
(wide band loop). Here V UD is held constant along with the 


TUNER OUTPUT 



Prime indicates referenced to tuner input 


FIGURE 9 
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Applications Information (Continued) 

AGC voltage, while V D Is allowed to increase. V B will in- 
crease until it reaches the level of the wide band threshold 
at the tuner output. When this occurs V UD is no longer 
needed to keep V 0 > Vwb as V B takes over the job. Thus Vud 
will drop as the amount of AGC increases, while V D is held 
constant by the AGC. 

When compared to the simple case of a single in-band 
signal, we see that because of the presence of a strong 
out-of-band signal, AGC action has occurred earlier. For 
the simple case, AGC started when V D > V WB . For the two 
signal case above, AGC started when V D > V NB . Thus, the 
LM1865/LM1965 achieves an eariy AGC when there are 
strong adjacent channels that might cause IM 3 , and a later 
AGC when these signals aren’t present. 

For the range of signal levels that the tuner was gain- 
reduced and V D < Vwb there was loss in signal-to-noise in 
the recovered audio as compared to the case where there 
was no gain reduction in this interval. Note, however, that 
the tuner is not desensitized by the AGC to weak desired 
stations below the narrow band threshold. 


NARROW BAND AGC THRESHOLD ADJUSTMENT 

Both the narrow band and wide band AGC thresholds are 
user adjustable. This allows the user to optimize the AGC 
response to a given tuner. Referring to Figure 5, when the 
meter output exceeds IV a comparator within the Gm-i 
block allows current l 1 to flow. A simplified circuit diagram 
of this comparator is shown in Figure 10. 

The 760Q resistor in series with pin 8 allows for an upward 
adjustment of the narrow band threshold. This is accom- 
plished by externally loading pin 8 with a resistor. Figure 11 
illustrates how this adjustment takes place. 

From Figure 11 it is apparent that loading the meter output 
not only moves the narrow band threshold, but also de- 
creases the meter output for a given input. 

In general one chooses the narrow band threshold based 
on what signal-to-noise compromise is considered 
acceptable. 



FIGURE 10. Narrow Band Threshold Circuit 



FIGURE 11. Affect of Meter Load on Narrow Band Threshold 
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WIDE BAND AGC THRESHOLD ADJUSTMENT 

There are a number of criteria that determine where the 
wide band threshold should be set. If the threshold is set 
too high, protection against IM 3 will be lost. If the 
threshold is set too low, the front end, under certain input 
conditions, may be needlessly gain-reduced, sacrificing 
signal-to-noise performance. Ideally, the wide band 
threshold should be set to a level that will insure AGC 
operation whenever there are out-of-band signals strong 
enough to generate an IM 3 product of sufficient 
magnitude to exceed the narrow band threshold. Ideally, 
this level should be high enough to allow for a single in- 
band desired station to AGC the tuner, only after the maxi- 
mum signal-to-noise has been achieved. 

In order to insure that the wide band loop is activated 
whenever the IM 3 exceeds the narrow band threshold, Vnb, 
determine the minimum signal levels for two out-of-band 
signals necessary to produce an IM 3 equal to Vnb- Then, 
arrange for the ’.vide band loop *o bo s»£tjw«torj whonm/or 
the tuner output exceeds the rms sum of these signals. 
There are many combinations of two out-of-band signals 
that will produce an IM 3 of a given level. However, there is 
only one combination whose rms sum is a minimum at the 
tuner output. IM 3 at the tuner output is given according to 
the equation: 

IM 3 = aVuDi Vjd 2 (assuming no gain reduction) (1) 

where a = constant dependent on the tuner; 

v udi = out-of-band signal 400 kHz from center fre- 
quency, applied to tuner input; 

V(j D2 = out-of-band signal 800 kHz from center fre- 
quency and 400 kHz away from Vudi. applied to 
tuner input. 


In general, due to tuned circuits within the tuner, the 
tuner gain is not constant with frequency. Thus, if the 
tuner is kept fixed at one frequency while the input fre- 
quency is changed, the output level will not remain con- 
stant. Figure 12 illustrates this. 

It can be shown that for a given IM 3 , the combination of 
Vudi and Vud 2 that produces the smallest rms sum at the 
tuner output is given by the equations: 

v “>"" 2 ( s ' t )"’ 

V„« = °.79< («''»)'“ 

Therefore, in order to guarantee that the AGC will be keyed 
for an IM 3 = V N b we need only satisfy the condition: 


( 2 ) 

(3) 


\ 

IMIJII‘14 


/ A? Vnr\ 1/3 1 f . / A1 2 Vnb\ 

\ait; ] - [->“■' a/ 


1/3j 2 

I (4) 


The right hand term of equation (4) defines an upper limit 
for V WB called V WB ul- v wbul is the rms sum of all the 
signals at the tuner output for two out-of-band signals, 
Vudi and Vud 2 [ as expressed in equations (2) and (3)], ap- 
plied to the tuner input. 


TUNER GAIN 



Define A = tuner gain at center frequency 
A1 = tuner gain at f 0 + 400 KHz 
A2 = tuner gain at / 0 + 800 kHz 


FIGURE 12 
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In order to make the calculation in equation (4), the con- 
stants a, A1, A2 must first be determined. This is done by 

the following procedure: 

1 . Connect together two RF generators and apply them to 
the tuner input. Since the generators will terminate 
each other, remove the 50f2 termination at the tuner 
input. 

2. Connect a spectrum analyzer to the tuner output. Most 
spectrum analyzers have 50ft input impedances. To 
make sure that this impedance does not load the tuner 
output use a FET probe connected to the spectrum 
analyzer. The tuner output should be terminated with a 
ceramic filter. 

3. Disconnect the AGC line to the tuner. Make sure that 
the tuner is not gain-reduced. 

4. Adjust the two RF generators for about 1 mV input and 
to frequencies 400 kHz and 800 kHz away from center 
frequency (Figure 13). 

5. Note the three output levels in volts. 

6. Knowing the tuner input levels for V UD1 and Vud 2 and 
the resulting IM 3 just measured, “a” is calculated 
from the formula: 

a = - 3 (5) 

V UD1 2 V UD2 

where all levels are in volts rms. A typical value for “a” 
might be 2 x 10 6 . 

7. A1 and A2 are calculated according to the following 


formulas: 

VI 

(6) 

A1_ V IN | 

/o + 400 kHz 

A2 = - — — 

V2 

(7) 


/o + 800 kHz 


If the wide band threshold was set to Vwbul. then when a 
single in-band station reached the level V W bul at the tuner 
output, AGC action would start to take place. For this 
reason it is hoped that V WBUL is above the level that will 
allow for maximum signal-to-noise. If, however, this is not 
the case, consideration might be given to improving the in- 
termodulation performance of the tuner. 

The lower limit for V WB is the minimum tuner output that 
achieves the best possible signal-to-noise ratio in the re- 
covered audio. In general, it is desirable to set V WB closer 
to the upper limit rather than the lower limit. This is done to 
prevent AGC action within the narrow band loop except 
when there is a possibility of an IM 3 greater than V NB . 

The wide band threshold at the pin 20 input to the LM1865/ 
LM1965 is fixed at 9 mVrms. Generally speaking, if pin 20 
were driven directly from the tuner output, V WB would be 
too low. Therefore, in general, pin 20 is not connected 
directly to the tuner output. Instead the tuner output is at- 
tenuated and then applied to pin 20. Increasing attenua- 
tion increases the wide band threshold, V WB . 

Pin 20 has an input impedance at 10.7 MHz that can be 
modeled as a 500ft resistor in series with a 19 pF capacitor, 
giving a total, impedance of 940ft /-58°. Thus an easy 
way to attenuate the input to pin 20 is with the arrange- 
ment shown in Figure 14. 

Notice that pin 20 must be AC coupled to the tuner output 
and that Cl is a bypass capacitor. R1 adjusts the amount 
of attenuation to pin 20. The wide band threshold will 
roughly increase by a factor of (R1 + 940ft)/940ft. 


AGC CIRCUIT USED AS A CONVENTIONAL AGC 

If for some reason the dual AGC thresholds are not 
desired, it is easy to use the LM1865/LM1965 as a more 
conventional LM3189 type of AGC. This is accomplished 
by AC coupling the pin 20 input after the ceramic filters 
rather than before the filters. Thus, as with the LM3189, 
only in-band signals will be able to activate the AGC. 



' / 0 = 10.7 MHz 



FIGURE 13. Spectrum Analyzer Display of Tuner Output 


FIGURE 14. Wide Band Threshold Adjustment 
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National 

MSA Semiconductor 

LM1866 Low Voltage AM/FM Receiver 

General Description Features 


Audio/Radio Circuits 

PRELIMINARY 


The LM1866 has been designed for high quality battery 
powered medium wave AM and FM receiver applica- 
tions requiring operation down to 3V. The AM section con- 
tains a fully balanced, wide dynamic range, gain con- 
trolled mixer stage buffered from a single pin local 
oscillator. A two pin compound IF amplifier and internal 
detector provide a low distortion high level audio output. 
An AM/FM signal strength meter voltage is provided to a 
single output pin. The FM section contains a six stage 
limiting IF amplifier, quadrature detector, AFC output, 
deviation audio muting and noise operated audio muting. 
Whiledesigned forthe high ripple, high battery impedance 
conditions found at the end of life for four “C” or “D” cells, 
the LM1866 will operate equally well at supply voltages up 
to 15V. 


Features 

■ Operation from 3V to 15V 

■ Excellent power supply ripple rejection 

■ Fully balanced, wide dynamic range, AM mixer stage 
Internal AM detector for minimum tweet interference 

■ Single pole DC AM/FM mode switching 

■ Six stage FM IF limiting amplifier for excellent AM 
rejection 

■ “Soft” FM deviation and noise operated audio muting 

■ FM quadrature detector 

■ Single pin AM/FM meter output 

■ Single pin matched level AM/FM audio output 




1 4 15 6 7 [8 

H rEwJ 

1 3 C L + 10 nf |35 pF | J C | 

5dF I >3k __ _ >• < > \ 

UTyL Tin-! 


Coil Data: 

12, Toko 159GC-A3785 
CF1, Toko CFU-90D 


T 1 , Toko KAC K2318HM 
14 = T5, Toko RBO6A5105 
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Absolute Maximum Ratings 

Supply Voltage (Pin 14) 

Package Dissipation (Notel) 

Storage Temperature Range 

Operating Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


15V 

1.7W 

-55°Cto +150°C 
0°Cto + 70°C 
300 °C 


Electrical Characteristics (Test circuit, t a = 25°cj 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

STATIC DC CHARACTERISTICS: e, N = 0, R MU te = 00, V cc = 6V 

Operating Supply Range, V14 



6 

15 

V 

Supply Current, I14 

AM Mode 


15 


mA 

Supply Current, li 4 

FM Mode 


17 


mA 

Regulator Output Voltage, VII 



2.9 


V 

Meter Output Voltage, Via 

am Moae 


A 

KJ 

0.2 

\ 9 

Meter Output Voltage, V18 

FM Mode 


0 

0.2 

V 

AFC Output Voltage, V17 

FM Mode 


2.9 


V 

AM/FM Audio Output Resistance, R 0 15 



3 


kfi 

AM DYNAMIC CHARACTERISTICS: f AM = 

1 MHz, f M0 D = 1 kHz, m = 0.3, V cc = 6V 





Maximum Sensitivity 

e A M for eo = 6 mV 


9 



20 dB Quieting Sensitivity 

e A M for eo = 20 dB S/N 


25 



Signal to Noise Ratio 

e AM = 10mV 

40 

50 



Total Harmonic Distortion 

e A M = 10 mV 


0.3 

1 

% 

Total Harmonic Distortion 

e A M = 10 mV, m = 0.8 


1 

2 

% 

Audio Output Level 

e AM = 10mV 

80 

120 

160 

mV 

Overload Distortion 

e A M = 50 mV, m = 0.8 


2 

10 

% 

Meter Output Voltage 

e AM = 1 mV 


1.2 


V 

Meter Output Voltage 

e A M = 50 mV 


2.5 


V 

FM DYNAMIC CHARACTERISTICS: f FM = 

10.7 MHz, f M0D = 400 Hz, Af = ± 75 kHz, V CC = 

= 6V 




- 3 dB Limiting Sensitivity 

e F M for -3 dB Limiting Sensitivity 


12 

25 


Signal to Noise Ratio 

e FM = 10mV 

60 

76 


dB 

AM Rejection 

e FM = 10 mV, 30% AM Mod 

40 

55 


dB 

Total Harmonic Distortion 

e FM = 10 mV 


0.5 

1 

% 

Audio Output Level 

e FM = 10 mV, 30% FM Mod 

80 

120 

160 

mV 

Meter Output Level 

e FM = 1 mV 


0.8 


V 

Meter Output Level 

e FM = 50 mV 


1.8 


V 

± Deviation Mute (Notes 2, 4) 

e F M = 10 mV, Rafc = 10k 


40 


kHz 

Rmute for Noise Mute (Notes 3, 4) 

Set e FM for - 3 dB Limiting Sensitivity 

2 

5 

10 

kfi 

Max Audio Mute Attenuation 


60 

75 


dB 


Note 1: Above T A = 25°C, derate based on Tj(max) = 150°C and 0j A = 75°C/W. 

Note 2: RmuTE = 2 kfl, epM = 10 mV, adjust center frequency for VafC = V REG> record fpM> adjust ± fpM tor > 50 dB audio mute attenuation. 

Note 3: Adjust RmuTE from 2k to 10k for >50 dB audio mute attenuation. Set epM = 10 mV and check for mute off. 

Note 4: When RmuTE = 00, the deviation and noise operated mute functions are disabled. When RmuTE = 2 kfi, only the noise mute function is disabled. The 
deviation mute bandwidth is set by the RafC resistor. The noise mute threshold is set by the RmuTE resistor. Test circuit noise bandwidth characteristics pre- 
vent noise mute operation for IF input levels below the - 3 dB limiting threshold. When the FM IF is used with a tuner full noise mute capability is accessible 
(See Applications Information). 
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Typical Performance Characteristics (Test circuit) 


AM Characteristics 
V CC = 6V 


FM IF Characteristics 
V CC = 6V 



FM IF Characteristics 
V CC = 6V 



AM RF INPUT VOLTAGE (^V) 


FM IF INPUT VOLTAGE ( M V) 


FM IF INPUT VOLTAGE ( M V) 


Quiescent Supply Current 

Recovered Audio vs Supply vs Supply Voltage 


0 2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE (V) 


IU 

S' n 
s. o 

i -io 

I— 

=3 

a. 

5 -20 

u 

— An 


m/1* 

/ eiN 


AM MODE 

f 0 = 1 MHz, f M 0D = 1 kHz. 
eiN=10 mV, m =0.3 

FM MODE 

f 0 = 10.7 MHz, Imod = 400 Hz 
A f = ± 22.5 kHz, ei N = 10mV 



0 2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE (V) 


Applications Information 

(See Typical Applications and LM1866 Schematic 
Diagram) 

VOLTAGE REGULATOR SECTION 

Because of the wide supply voltage range and high ripple 
conditions expected in battery or low cost transformer 
supplies, the LM1866 uses a band gap referenced active 
voltage regulator which is externally compensated at 
pin 19. This capacitor, when made large enough, improves 
the supply rejection and decreases the noise bandwidth to 
a level well below the AM reception frequencies. A 0.1 n F 
capacitor will compensate the regulator for low noise 
operation while 50 n F (max) will improve supply rejection 
and the maximum FM audio mute attenuation character- 
istics. During power turn on, the pin 19 capacitor is quick- 
charged to its normal operating voltage so that the AM or 
FM sections are in operation before the audio amplifier 
turn on delay has timed out. See LM1895/LM2895 and 
LM1896/LM2896 data sheets for additional audio amplif ier 
information. 

AM SECTION 

The AM section contains a fully balanced mixer stage with 
the RF input applied to a differential, diode degenerated, 
transistor pair at pins 5 and 6. DC feedback is provided by 


the loopstick secondary winding. The mixer output 1 st IF 
transformer at pin 7 should be returned to Vcc at pin 14 to 
allow maximum undistorted output swing when tuning be- 
tween stations. RF and AGC decoupling at pin 6 removes 
noise and lowers audio distortion. 

The mixer upper pairs are switched differentially by a buf- 
fer amplifier from the pin 8 local oscillator. DC feedback is 
provided by the oscillator coil secondary winding to the 
pin 11 regulator voltage. 

The oscillator frequency is given by: 
f< _ 0.159 

and the peak swing is given by: V P = IZ (I = 700 A, Z = tank 
impedance at resonance). V P should be between 0.3V and 
0.5 V to maintain an undistorted output at low supplies. 


The two stage AM IF amplifier at pins 12 and 13 requires 
output to input DC feedback and external decoupling. The 
IF gain is given by: 
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Applications Information (Continued) 

where Z L equals resonant unloaded tank impedance in 
parallel with R EXT . In most applications Z L = 10k and 



where Rext = an external IF gain setting resistor and 
Xc = impedance of tank tuning capacitor. A rule of thumb 
for setting the IF gain would be to adjust Rext for 20 dB 
audio S/N when the audio has dropped 10 dB below the 
level found at the AGC threshold. (Because of the low Q L , a 
non-tuned coil is acceptable.) 

The output of the IF amplifier drives an internal detec- 
tor which is operating at low currents. This results in very 
low 2 nd and 3 rd IF harmonic radiation for minimal tweet 
interference. 

FM SECTION 

The FM section contains a six stage limiting amplifier, 
quadrature detector, AFC output, deviation mute detector 
and a high frequency noise mute detector. (See Figure 1 for 
the Simplified Mute Circuit Schematic.) The output of the 
quadrature detector is split into three current source 
pairs. The ± audio current and internal load resistor R84 


provide the audio output voltage via Q56 to pin 15. The 
± AFC current, external load resistor (Rafc) and the 10 nF 
capacitor provide an audio decoupled AFC voltage to 
pin 17. The ± noise current and internal load resistor R114 
provide a wideband detector output that is limited in fre- 
quency by Cstray- With the addition of internal C4 and 
R120 a band pass filter (f 0 =1 MHz) is realized at the input 
of the peak to peak detector. The output current, flowing in 
resistor Rmute and filtered by a capacitor, provides a mute 
voltage at pin 16. When the mute voltage rises to approx- 
imately one V BE , transistor Q139 will start to shunt the ± 
audio current away from R84, muting the audio output. 
The value of the Rmute resistor will determine the 
minimum audio signal to noise ratio at which one wishes 
to mute. The deviation mute detector will output a current 
only when the AFC voltage is offset above or below the 
Vreg voltage. Load resistor R121 and transistor Q154 will 
convert this current to a mute voltage at pin 16. This is 
done to prevent interaction between the two detector out- 
put currents. The external R A fc resistor is used to set the 
deviation mute bandwidth so tnat tne pin no muie voixage 
is one V B e at the desired frequency band edge. When dis- 
abling the mute functions, pin 16 is shorted to ground, 
preventing Q139 from becoming active. 
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TABLE I. TYPICAL APPLICATION EXTERNAL COIL AND COMPONENf SELECTION GUIDE 


Component 

Typical Value 

Purpose 

CIA, B, C, D 

— 

AM/FM tuning capacitor 

R1, C2, C3 

3300, 0.01 (iF 

FM IF decoupling, filter match and DC feedback 

C4 

1 jttF-10 (iF 

AM RF/AGC decoupling 

R5, C5 

27k, 1 nF 

Sets AM AGC time constant 

R6 

120k-150k 

Optional: decreases AM audio output but improves AM meter threshold 

C6 

0.1 nF 

Regulator output decoupling 

C7, C8 

0.1 /iF, 10 /xF 

AM IF/audio decoupling 

R4(R EX t) 

15k 

Sets AM IF gain 

R7, Cl 5, Cl 4 

100, 0.1 /iF, 100 fiF 

Supply decoupling 

R3, CIO 

3k, 0.01 iiF 

Sets FM de-emphasis/AM smoothing 

Audio post filter pole is given by: f = 9-159 , when R T = R3 + R 0 1 5 = R3 + 3 kO 

RjCIO 

r mute, C11 

0 to 10k, 10 fiF 

Sets noise mute threshold, filter. 00 will turn off mute function. 

r Afc> C12 

10k, 10 /xF 

Sets deviation mute bandwidth, audio decoupling 

C13 

10/iF 

Regulator decoupling and supply rejection filter 


T1 


T2 


T3 





“i 



C t = 82 pF 

Qu = >70 

f = 10.7 MHz 

Part no. KAC K2318HM 

Toko Electronics Ltd. 


C T = 180 pF 

Qu = 14 

f = 455 kHz 

Part no. 15QQG-A3785 

Toko Electronics Ltd. 


C T = 50 pF 
Qu = 80 
f = 10.7 MHz 
Part no. NS-107C 
Apollo Electronics Corp. 


T4 and T5 MW Oscillator Coil 


CF1 



L = 360 /*H 
f = 796 MHz 
Qu = 160 

Tuning freq. = 985 kHz - 2105 kHz 
Part no. RBO6A5105 Toko Electronics Ltd. 



Toko CFU-090D or equivalent 
f = 455 kHz, BW>4.8 kHz 


MW Antenna Coil 


Dummy Antenna for FM 


L = 650 fiH 
f = 796 MHz 
Qu = 200 
Tuning freq. 




L7 SWG #20, N = 3 1/2T, ID = 5mm 
L5 SWG #20, N = 3 1/2T, ID = 5mm 
L6 L = 0.44 fiH, N = 4 1/2T, Q u = 70 


Variable Tuning Capacitor 

Type: QT-22124 Toko Electronics Ltd. 
Capacitance: AM CIA 4-142 pF, Cl B 4-60 pF 
FM 2.5 pF-20 pF C1C,C1D 
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R5 



See Table I for coil and numbered component data 
See LM1895/LM2895 data sheet for audio amp info 


FM Performance (88 MHz-108 MHz) 

• 30 dB quieting sensitivity: 3.5 *iV 

• -3dB limiting sensitivity: 7 /A/ 


AM Performance (525 kHz-1650 kHz) 

• Maximum sensitivity: 100 fiV/m 

• 20 dB quieting sensitivity: 250 /A'/m 

• Tweet* worst case: 5% 

100 mV/m: 1.5% 


* Tweet is an audio tone produced by the 2nd and 3rd harmonic of the IF beat- 
ing against the received signal. It is measured as an equivalent modulation le /el: 
i.e., a 30% tweet has the same amplitude at the detector as a desired signal v'ith 
30% modulation. 


FIGURE 2. Typical AM/FM Radio Application 


998UAH 







10-152 





National 

Semiconductor 


LM1868 AM/FM Radio System 


Audio/ Radio Circuits 


General Description 

The combination of the LM1868 and an FM tuner will pro- 
vide all the necessary functions for a 0.5 watt AM/FM 
radio. Included in the LM1868 are the audio power 
amplifier, FM IF and detector, and the AM converter, IF, and 
detector. The device is suitable for both line operated and 
9V battery applications. 


Features 

■ DC selection of AM/FM mode 

■ Regulated supply 

■ Audio amplifier bandwidth decreased in AM mode, 
reducing amplifier noise in the AM band 

■ AM converter AGC for excellent overload characteristics 

■ Low current internal AM detector for low tweet radiation 


Block 

C9 C12 



Note: See table for coil data 


10 
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LM1868 


Absolute Maximum Ratings 

Supply Voltage (Pin 19) 15V 

Package Dissipation 1.6W 

Above T a = 25°C, Derate Based on Tj(max) = 150°C 
and0 JA = 75°C/W 


StorageTemperature Range - 55°C to '+ 150°C 

Operating Temperature Range 0°C to + 70°C 

Lead Temperature (Soldering, lOseconds) 300°C 


Electrical Characteristics Test Circuit, T A = 25°C, V s = 9V, R L = 8fi unless otherwise noted 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

STATIC CHARACTERISTICS: e AM = 

0, e FM = 0 





Supply Current 

AM Mode, SI in Position 1 


22 

30 

mA 

Regulator Output Voltage (Pin 16) 


3.5 

3.9 

4.5 

V 

Operating Voltage Range 


4.5 


15 


DYNAMIC CHARACTERISTICS -AM MODE: f AM = 1 MHz, f mod = 1 kHz, 30% Modulation, SI in Position 1, P 0 = 

50 mW unless noted 






Maximum Sensitivity 

Measure e AM for P 0 = 50 mW, 

Maximum Volume 

8 


16 


Signal-to-Noise 

e AM = 10 mV 

40 

50 


dB 

Detector Output 

e AM = 1 mV 

Measure at Top of Volume Control 

40 

60 

85 

mV 

Overload Distortion 

e AM = 50 mV, 80% Modulation 


2 

10 

% 

Total Harmonic Distortion (THD) 

e AM = 10mV 


1.1 

2 

% 

DYNAMIC CHARACTERISTICS -FM MODE: f FM = 10.7 MHz, f mod = 400 Hz, Af= ± 75 kHz, P 0 = 50 mW, SI In Position 1 

- 3 dB Limiting Sensitivity 



15 

45 


Signal-to-Noise Ratio 

e FM= 10 mV 

50 

64 



Detector Output 

e FM = 10mV,Af= ±22.5 kHz 

Measure at Top of Volume Control 

40 

60 

85 


AM Rejection 

e FM = 10 mV, 30% AM Modulation 

40 

50 


dB 

Total Harmonic Distortion (THD) 

eFM = 10 mV 


1.1 

2 

% 

DYNAMIC CHARACTERISTICS- AUDIO AMPLIFIER ONLY: f = 1 kHz, e AM = 0, e FM = 0, SI in Position 2 

Power Output 

THD = 10%, R L = 8ft 

V S = 6V 

250 

325 


mW 


V S = 9V 

500 

700 


Bandwidth 

AM Mode, P o = 50mW 


11 


kHz 


FM Mode, P o = 50 mW 


22 


kHz 

Total Harmonic Distortion (THD) 

P o = 50 mW, FM Mode 


0.2 


% 

Voltage Gain 



41 


dB 


Typical Performance Characteristics (Test Circuit) All curves are measured at audio output 

Quiescent Supply Current 

FM Limiting Characteristics 



6 8 10 12 14 16 

SUPPLY VOLTAGE (V) 




IF INPUT VOLTAGE (juV) 
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N R461E G 

f \ / I 5.6 pF 


0.001 ~ _L 1 

«►— | (-rT" “p'f 1 

33 pF C 43pF J. 



FM Performance (88 MHz-108 MHz) 

• 30 dB quieting sensitivity: 3.5 

• - 3 dB limiting sensitivity: 7 


AM Performance (525 kHz-1 650 kHz) 

• Maximum sensitivity: 100 ftWIm 

• 20 dB quieting sensitivity: 250 fiV/m 

• Tweet* worst case: 5% 

100 mV/m: 1.5% 

* Tweet is an audio tone produced by the 2nd and 3rd harmonic of the IF beating against the 
received signal. It is measured as an equivalent modulation level: i.e., a 30% tweet has the 
same amplitude at the detector as a desired signal with 30% modulation. 


"O 

o’ 

SL 

> 

-a 

"O 

o’ 

s> 






PC Board Layout 



Typical Performance Characteristics 

All curves are measured at audio output 



Typical Application 



0.1 1 10 100 Ik 

RF FIELD STRENGTH (mV/m) 


1C External Components (Application Circuit) 


Component 

Typical 

Value 

Comments 

Cl 

100 pF 

Removes tuner LO from IF input 

C2 

0.1 nF 

Antenna coupling capacitor 

C4, C5 

0.01 nF 

FM IF decoupling capacitors 

C6, C9 

R5 

0.005 m fI 
Ik j 

AM smoothing/FM de-emphasis network, de- 
emphasis pole is given by: 



2*(C6 + C9)(^) 

CIO 

10 pF 

Regulator decoupling capacitor 

C11 

0.1 nF 

Regulator decoupling capacitor 

C12 

10 mF 

AC coupling to volume control 

C13 

0.1 fiF 

Power supply decoupling 

C14 

50 /iF 

Power supply decoupling 

C15 

0.1 ix F 

Audio amplifier input coupling 

R7 

C16 

3k 1 

0.001 h F\ 

Roll off signals from detector in the AM band 
to prevent radiation 

C17 

100 nF 

Power amplifier feedback decoupling, sets low 


frequency supply rejection 


Component W 8 ' 
Value 

Comments 

R8 

16k 

AM detector bias resistor 

R9 

C19 

240k 1 
1/xF { 

Set AGC time constant 

C7 

10fxF 

IF decoupling 

C8 

0.1 ixF 

IF decoupling 

C20 

R10 

0.1 *F \ 
50 j 

High frequency load for audio amplifier, 
required to stabilize audio amplifier 

C21 

250 ixF 

Output coupling capacitor 

R1 

6k2 

Sets Q of quadrature coil, determining FM THD 
and recovered audio 

R2 

12k 

IF amplifier bias R 

R3 

5k6 

Sets gain of AM IF and Q of AM IF output tank 

R4 

10k 

Detector load resistor 

R6 

50k 

Volume control 

C18 

0.02 nF 

Power supply decoupling 

R11.R12 

1500 

Terminates the ceramic filter, biases FM IF 
input stage 

D1 

1N4148 

Optional. Quickens the AGC response during 
turn on 


10 
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LM1868 


Coil and Tuning Capacitor Specifications 

FM 20 pF max 4.5 pF min 
TOKO CY2-22124FT 


AM antenna 
1 mV/meter induces 
approximately 100 
open circuit at the secondary 

TOKO RWO-6A5105 or 
equivalent 


equivalent 

Layout Considerations 

AM Section 

Most problems in an AM radio design are associated with 
radiation of undesired signals to the loopstick. Depending 
on the source, this radiation can cause a variety of prob- 
lems including tweet, poor signal-to-noise, and low fre- 
quency oscillation (motor boating). Although the level of 
radiation from the LM1868 is low, the overall radio per- 
formance can be degraded by improper PCB layout. Listed 
below are layout considerations associated with common 
problems. 

1. Tweet: Locate the loopstick as far as possible from 
detector components C6, C9, R4, and R5. Orient C6, 
C9, R4, and R5 parallel to the axis of the loopstick. 
Return R8, C6, C9, and C19 to a separate ground run 
(see Typical Application PCB). 

2. Poor Signal-to-Noise/Low Frequency Oscillation: 

Twist speaker leads. Orient RIO and C20 parallel tothe 
axis of the loopstick. Locate C11 away from the 
loopstick. 


Cl AM ANT 140 pF max 5.0 pF min 
AM OSC 82 pF max 5.0 pF min 
Trimmers 5 pF 

LI 640 jiH, Q u = 200 

R P = 3k5 @ F = 796 kHz 
(At secondary) 

L0, L2 360 jiH, Q u >80 @ F = 796 kHz 



L4 SWG #20, N = 3 1/2T, inner 
diameter = 5mm 

L5 SWG #20, N=31/2T, inner 

diameter = 5mm 

L6 L = 0.44 nH, N = 4 1/2T, Qu = 70 

L7 SWG #20, N=2 1/2T, inner 

diameter = 5mm 

CF2 10.7 MHz ceramic filter 

MURATA SFE 10.7 mA or 



T1 


T2 



Q u >70 @ 10.7 MHz, L to resonate 

w/82 pF @ 10.7 MHz 

TOKO KAC-K2318 or equivalent 


Q u > 14 @ 455 kHz, L to resonate 

w/180 pF @ 455 kHz 

TOKO 159GC-A3785 or equivalent 



TOKO CFU-090D or equivalent 
BW>4.8 kHz @ 455 kHz 


T3 

O—i 

51 pF ~ 

i 4T ! 

Sfc 

Apollo Electronics NS-107C 


o— < 


or equivalent 


In general, radiation results from current flowing in a 
loop. In case 1 this current loop results from decoupling 
detector harmonics at pin 17; while in case 2, the current 
loop results from decoupling noise at the output of the 
audio amplifier and the output of the regulator. The level 
of radiation picked up by the loopstick is approximately 
proportional to: 1) 1/r 3 ; where r is the distance from the 
center of the loopstick to the center of the current loop; 
2) SIN 0, where 6 is the angle between the plane of the 
current loop and the axis of the loopstick; 3) I, the cur- 
rent flowing in the loop; and 4) A, the cross-sectional 
area of the current loop. 

Pickup is kept low by short leads (low A), proper orienta- 
tion (0 = 0 so SIN 6 = 0), maximizing distance from sources 
to loopstick, and keeping current levels low. 

FM Section 

The pinout of the LM1868 has been chosen to minimize 
layout problems, however some care in layout is required 
to insure stability. The input source ground should return 
to C4 ground.Capacitors C13 and C18 form the return path 
for signal currents flowing in the quadrature coiL They 
should connect directly to the proper pins with short PC 
traces (see Typical Application PCB). The quadrature coil 
and input circuitry should be separated from each other as 
far as possible. 

Audio Amplifier 

The standard layout considerations for audio amplifiers 
apply to the LM1868, that is: positive and negative inputs 
should be returned to the same ground point, and leads to 
the high frequency load should be kept short. In the case 
of the LM1868 this means returning the volume control 
ground (R6) to the same ground point as C17, and keeping 
the leads to C20 and R10 short. 
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Circuit Description (See Equivalent Schematic) 

AM Section 

The AM section consists of a mixer stage, a separate local 
oscillator, an IF gain block, an envelope detector, AGC 
circuits for controlling the IF and mixer gains, and a 
switching circuit which disables the AM section. in the FM 
mode. 

Signals from the antenna are AC-coupled into pin 7, the 
mixer input. This stage consists of a common-emitter 
amplifier driving a differential amp which is switched by 
the local oscillator. With no mixer AGC, the current in the 
mixer is 330 /*A; as the AGC is applied, the mixer current 
drops, decreasing the gain, and also the input 
impedance drops, reducing the signal at the input. The 
differential amp connected to pin 8 forms the local 
oscillator. Bias resistors are arranged to present a 
negative impedance at pin 8. The frequency of oscillation 
is determined by the tank circuit, the peak-to-peak 
amplitude is approximately 300 fiA times the impedance 
at pin 8 in parallel with 8k2. 

After passing through the ceramic filter, the IF signals 
are applied to the IF input. Signals at pin 11 are amplified 
by two AGC controlled common-emitter stages and then 
applied to the PNP output stage connected to pin 13. 
Biasing is arranged so that the current in the first two 
stages is set by the difference between a 250 current 
source and the Darlington device connected to pin 12. 

When the AGC threshold is exceeded, the Darlington 
device turns ON, steering current away from the IF into 
ground, reducing the IF gain. Current in the IF is moni- 
tored by the mixer AGC circuit. When the current in the IF 
has dropped to 30 nA, corresponding to 30 dB gain reduc- 


tion in the IF, the mixer AGC line begins to draw current. 
This causes the mixer current and input impedance to 
drop, as previously described. 

The IF output is level shifted and then peak detected at 
detector cap Cl. By loading Cl with only the base current 
of the following device, detector currents are kept low. 
Drive from the AGC is taken at pin 14, while the AM de- 
tector output is summed with the FM detector output at 
pin 17. 

FM Section 

The FM section is composed of a 6-stage limiting IF driv- 
ing a quadrature detector. The IF stages are identical with 
the exceptions of the input stage, which is run at higher 
current to reduce noise, and the last stage, which is 
switched OFF in the AM mode. The quadrature detector 
collectors drive a level shift arrangement which allows the 
detector output load to be connected to the regulated 
supply. 

Audio Amplifier 

The audio amplifier has an internally set voltage gain of 
120. The bandwidth of the audio amplifier is reduced in the 
AM mode so as to reduce the output noise falling in the 
AM band. The bandwidth reduction is accomplished by 
reducing the current in the input stage. 

Regulator 

A series pass regulator provides biasing for the AM and 
FM sections. Use of a PNP pass device allows the supply 
to drop to within a few hundred millivolts of the regulator 
output and still be in regulation. 
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zn National 
JS 1 Semiconductor 

LM1870 Stereo Demodulator with Blend 

General Description Features 


Audio/ Radio Circuits 


The LM1870 is a phase locked loop FM stereo demodulator 
with a DC control pin for reducing noise by decreasing 
separation during weak signal conditions. 


Applications 


Automobile radios 
I Hi Fi receivers and tuners 
High performance portable radios 


Features 

■ Blend control 

■ Large input overload 

■ Low beat note distortion 

■ Low THD diode switching outputs 

■ VCO stop function 

■ Wide supply range, 7V to 15V 

■ Mono override pin 


Typical Application and Test Circuit 


FREQUENCY 

COUNTER 


19 kHz. 
TEST POINT 


Order Number LM1870N 
oetf No rdwkdyc N20A 


C14 V LAMP 

0.01 mF O 


>R16<R15 — C15 I 
► 3k > 7k5 ~ T— 0.01 aiF I 


1 20 1 19 1 18 1 17 1 16 1 15 1 14 1 13 M2 1 1 1 


COMPOSITE 

INPUT 


- C7 | C9 • 

- 0.33 juF I 1000 pF- 


Pin Functions 

1 Quick Mono 

2 PLL Input 

3 V + 

4 Lamp Filter and VCO Stop 

5 Lamp Filter 


6 Loop Filter 

7 Loop Filter 

8 VCO Tuning 

9 VCO Tuning 
10 Ground 


11 Lamp Driver 

12 Right Output 

13 Left Output 

14 Right Gain and Deemphasis 

15 Left Gain and Deemphasis 


16 Blend Resistor and 19 
‘ 17 Blend Filter 


kHz Test Point 


19 Audio Input 

20 Blend Control Voltage 
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LM1870 


Absolute Maximum Ratings 

Supply Voltage, Pin 3 15V 

Lamp Driver Voltage, Pin 11 18V 

Output Voltage, Pin 12, 13, Supply Off 7V 

Quick Mono Input (Pin 1) V+(Pin3) 

Blend Input (Pin 20) 15V 

Operating Temperature Range 0 °C to + 70 °C 

Power Dissipation (Note 1) 1W 

Storage Temperature -65°C to + 125 °C 

Lead Temperature (Soldering, 10 seconds) 300 °C 

Electrical Characteristics t a = 25 °c, v + = sv, Figure 1 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

DC | 

Operating Supply Voltage 


7 

8 

15 

V 

Supply Current 



26 

45 

mA 

Input DC Voltage 

Pin 19 


4 


V 

Input DC Voltage 

Pin 2 


1.8 


V 

Supply Rejection 


15 

30 


dB 

Lamp Leakage Current 

Lamp Off, Pin 11 = 16V 


0.1 

100 

fa 

Lamp Saturation Voltage 

Lamp On, Pin 11@75 mA 


1.4 

2.0 

V 

VCO Stop Voltage 

Voltage at Pin 4 to Stop VCO 

0.2 

0.4 


V 

VCO Stop Current 

Pin 4 = 0.2V 


-30 

-100 

mA 

Blend Input Bias Current 

Pin 20 = 0V 


-2 

-20 

mA 

Quick Mono Switch Voltage 



, 4 


V 

Quick Mono Bias Current 

Pin 1 = 8V 


2 


hA 

Output Leakage 

Pin 12 or 13 = 6.5V, Pin 3 = 0V 


0.1 

20 

mA 

Audio 

Mono Gain 

1 kHz 

-4 

-1 

+ 2 

dB 

Mono THD 

1 kHz@200 mVrms 


0.05 

0.25 

% 

Channel Balance 



±0.4 

±1.5 

dB 

Gain Shift 

Mono to Stereo 


±0.1 

±1.0 

dB 

Channel Separation 

Pin 20> 1.1 V 

30 

45 


dB 

Output DC Shift 

Mono to Stereo 


±15 

±100 

mV 

Input Resistance 

Pin 19 

20 

40 


kfi 

Output Resistance 

Pin 12, 13 


65 

200 

Q 

Ultrasonic Rejection 

19 kHz + 38 kHz 


30 


dB 

SCA Rejection 

(Note 2) 


70 


dB 

Signal To Noise 

1 kHz@200 mVrms Mono 


68 


dB 

PLL 

Lamp On Voltage 

19 kHz on Pin 2 


15 

20 

mV 

Lamp Off Voltage 

19 kHz on Pin 2 

2.5 

5 


mV 

Lamp Hysteresis 



10 


dB 

Capture Range 

25 mVrms on Pin 2 

±2 

±4 

±6 

% 

Hold In Range 

25 mVrms on Pin 2 


±12 


' % 

Input Resistance 

Pin 2 

8 

14 


kfi 

Blend 

Pin 20 from 1.1V to 0.2V 





Stereo Gain Change 

1 kHz L= - R Input 

-25 

-35 


dB 

Mono Gain Change 

1 kHz L = R Input 

-1.5 

-0.5 

0.5 

dB 


10 kHz L=R Input 

-8 

-14 

-20 

dB 

Output DC Shift 



±40 

±100 

mV 

Note 1: For operation in ambient temperatures above 25 °C, the device must be derated based on a 150 °C maximum junction temperature and a thermal 

resistance of 125°0/W junction to ambient. 






Note 2: Input is 10% SCA (74.5 kHz), 9% pilot and 1 kHz left or right. Rejection is ratio of 1 kHz output to 1.5 kHz output. 
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External Components 


Part # 

Recommended 

Value 

Purpose 

Affect | 

Remarks 

Smaller 

Larger 

R1 

100k 

Pull Up for 

Quick Mono 

OK 

Errors Due to 

Pin 1 Bias 

Current 

Pin 1 Can Be 

Shorted to Supply 
if Quick Mono is 

Not Used 

C2 

2kF 

PLL Input 

Coupling 

Loading of 

Source varies 
with Frequency 


For Source of Less 
Than 100ft, Can 

Use 0.1 /iF 

C3 

0.1 fuF 

Supply Bypass 




C4 

0.22 

Lamp Filter 

Shorter Time to 
Switch Mono to 

Stereo 

Longer Time to 
Switch Mono to 

Stereo 

High Dielectric 
Resistance 

R6 

C6 

C7 

3k 

0.047 fiF 

0.33 m F 

Loop Filter 

High Stereo 
Distortion 

Narrower 

Capture Range 


R8 

C8 

33k 

0.0047 m F 

Loop Filter 

High Stereo 
Distortion 

Loop not Lock 


Narrower Capture 
Range 

C9 

R9 

RIO 

1000 pF 

8.2k 

5k 

Set VCO 

Free Running 
Frequency 

High VCO Jitter 

Narrower 

Capture Range 

NPO 5% 

| VCO Not Adjustable with C9 

Metalfilm 

R11 

180ft 

Sets Lamp 

Current 

Excess 1C 
Dissipation 

Dim Lamp 


R14 

R15 

7.5k 

7.5k 

Load Resistors 

Low Output 

Voltage 

Output Clip 

Earlier 


C14 

C15 

0.01 ia F 

0.01 /iF 

Deemphasis 




R16 

3k 

Sets Blend Characteristic See Curves 


C17 

C18 

0.0047 ixF 

0.0047 h F 

Filter for 

Blend 

Insufficient 

Blend 

Reduced Blend 
Bandwidth 


C19 

2 M F 

Audio Input 
Coupling 

Poor Low Fre- 
quency Response 
and Separation 

Turn On Delay 


R19 

15k 

Allows VCO 
Monitoring 

Excess 1C j 

Dissipation 

Reduces 19 kHz j 

Output Voltage 

Only Need During 

Set Up 


Typical Performance Characteristics Blend off unless otherwise stated 


Supply Current vs 
Supply Voltage 



7 8 9 10 11 12 13 14 15 


Lamp Driver Voltage vs 
Current 




0 2.5 5 7.5 10 12.5 15 


SUPPLY VOLTAGE (V) 


PIN 11 CURRENT (mA) 


LOAD RESISTOR (ktt) 


10 
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THD MONO OR STEREO (%) " SEPARATION (dB) PILOT LEVEL (mVrms) GAIN CHANGE (dB) 


b: Typical Performance Characteristics Blend off unless otherwise stated 


Gain Change vs 
Temperature 


VCO Supply Sensitivity 


VCO Temperature Stability 



19,200 


□ 







1.0 19,200 










O 

O 

>- 









5 >- 

z 









m Z 

Z uj 

19,000 

cr 








N 

0 <0 

S £ 

u 

> 18 900 









z 0 

-0,5 m > 18 900 



L 







8 

18,800 

z 


z 




z 

z 

z 

-1.0 18,800 


-25 0 25 50 75 

TEMPERATURE (°C) 


9 10 11 12 13 14 15 

SUPPLY VOLTAGE (V) 



-25 0 25 50 75 

TEMPERATURE (°C) 


Lamp On/Off vs 
Temperature 



Lamp On/Off vs Resistance 
Pin 4 to 5 



-25 0 25 50 75 

TEMPERATURE (°C) 


10k 100k 1M 

EXTERNAL RESISTANCE PIN 4 TO 5 (S2) 


Separation vs Temperature 



-25 0 25 50 75 

TEMPERATURE (°C) 


Capture Range vs Pilot 
Separation vs VCO Tuning Level 



18k 19k 

VCO FREQUENCY (Hz) 



18k 19k 

FREQUENCY (Hz) 


Total Harmonic Distortion 
vs input Level 



0.2 0.4 0.6 0.8 1.0 1.2 

MONO INPUT LEVEL (Vrms) 


Total Harmonic Distortion 
vs Frequency 


V||\| = 500 mV ' 

OUTPUT (ULTRASONICS] 

FILTERED 





















J 
















Separation vs Frequency 



50 100 200 500 Ik 2k 5k 10k 15k 50 100 200 500 Ik 2k 5k 10k 15k 

FREQUENCY (Hz) FREQUENCY (Hz) 


Power Supply Rejection 
Ratio vs Frequency 
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VCO FREQUENCY CHANGE (%) 



Typical Performance Characteristics Blend off unless otherwise stated 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
BLEND CONTROL VOLTAGE (V) 


L + R Frequency Response 
with Blend Control 


-20 

-30 

-40 


R 

6 = : 

k 


1 1 1 

V PIN20>°- 8 



v 

PIN 2 

1 = 0.7-"^ 

u 

CP— 





v PIN20 = oe ' 
1 1 


T 

lY 





PIN 20 " u - 3 

1 1 

VpiN20 = 0 - 4 ' 

> 










50 100 200 500 Ik 2k 5k 10k 15k 
FREQUENCY (Hz) 


L-R Frequency Response 
with Blend Control 


R16 = 3k 

_ 

v 

3 IM 20 

r 

> 0.E 

r 

V PIN 20 = 0 7 





“ 


V/n.M or 

= 0.E 














V P 



N 20 

= 0.5 







1 






Vp, 

N20 = 8 - 4 

1 

~i 














VpiN20 = 0 - 3 

1 1 
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Application Hints 


Blend— What & Why? 

ThesignaltonoiseofaweakFMstereosignalisworsethan 
that of an equally weak FM monosignal. Forthisreason FM 
mono radios often perform oetier tnan Fivi siereo iauiu;>, 
unless the latter is forced into mono. 

The typical quieting curves of an FM stereo radio look like 
this: 


Typical Radio Quieting 
Characteristic 



RF INPUT (pV) 


If an acceptable signal to noise is 40 dB, then 20 dB more 
signal is required in stereo compared to mono, 30 /xV vs 3 /xV. 
The degradation in noise is due to the L-R or difference 
channel. If the gain of the L-R is reduced, then the noise 
associated with it will be reduced. However, there will also 
be a reduction in separation. 

To maintain a 40 dB signal to noise in the above example, 
the gain of the L-R signal should be reduced from 0 dB 
gain@30 /xV downward to - 20 dB at 3 /xV. If this is done 
properly the dashed line will result. Below is a plot of L-R 
gain and resulting separation. 

L-R Gain and Separation vs 
RF Input Level with Blend 

10 
o 

® -10 


= -30 
-40 
-50 



The LM1870 reduces the gain of the L-R channel before it is 
demodulated. This is done by a voltage controlled shelving 
filter. The Bode plot of this filter is shown below: 

Blend Filter Response 



Ik 2k 3k 5k 10k 20k 30k 50k 100k 
FREQUENCY (Hz) 


The full blend response is a two pole roll-off with each pole 
set by an internal 6.8k resistor and the capacitance from 
pins 17 and 18 to ground. The standard value for both 
capacitors is 4.7 nF resulting in two 5 kHz poles. The blend 
input (pin 20) is derived from the meter drive output of the 
FM IF chip (LM3089 or LM3189 pin 13). To adjust for var- 
iations in RF gain and other 1C parameters, it is recom- 
mended that an adjustment be made on each radio. 

Mono-Stereo Switching 

The LM1870 automatically switches from mono to stereo 
when the level of pilot at pin 2 is about 15 mV or more. This 
value can be increased by putting a resistor between pins 4 
and 5, as shown graphically in the Typical Performance 
curves. 

If it is desired to switch to mono without turning off the 
lampdriver, pinl should betaken below4V. This isahigh im- 
pedance input that can be electronically switched by a 
transistor with a pull up resistor to the 1C supply. 

Outputs 

The LM1870 has emitter-follower outputs resulting in a low 
output impedance. The output wll sink or source one mA, 
therefore it will drive AC coupled loads greater than 2 kfi. 

In AM-FM radios the switching can be cumbersome at best. 
To ease the problem the outputs of the LM1870 (pins 12 and 
13) are open circuit when the supply (pin 3) is open or 
grounded. This reduces the numbered switch poles re- 
quired since the outputs can remain connected at all times. 
This technique is commonly called diode switching but the 
method used in the LM1870 results in substantially lower 
distortion than obtained with discrete diodes. 


10 
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Application Hints (continued) 

vco 

The stereo performance of the LM1870 is very constant for 
small (<2%) changes in the free running frequency of the 
VCO. To insure that the frequency stays within 2%, low 
temperature coefficient components should be used for 
the tuning capacitor (1000 pF) and resistor (8.2k). The inter- 
nal oscillator has a temperature coefficient of about 50 
ppm/ °C(see curve). With an NPO capacitor and a metalfilm 
resistor the total variation in the free running frequency will 
be less than 1 % over the full temperature range. Tuning the 
VCO is done by adjusting the 5 ktl potentiometer to get 19 
kHz ± 50 Hz with no input on pin 2. 

The VCO frequency is monitored at pin 16 when current is 
supplied to the pin. During normal operation the 19 kHz 
square wave is not available and the resistor from pin 16 to 
ground programs the blend characteristics (see curves). 

The VCO of the LM1870 can be stopped by taking pin 4 low. 
In addition to being useful for turning off the stereo in- 
dicator and forcing mono FM reception, this also allows 
other mono sources, such as AM, to be fed into the decoder 
and come out both channels. The signal will not be in- 
advertently decoded with the VCO off and it will have the 
same gain and balance characteristics as the FM. The de- 
emphasis capacitors may need to be removed for proper 
frequency response. The voltage on pin 20 will also affect 
the frequency response. 

It should be noted that a stopped VCO cannot radiate into 
the rest of the radio and cause interference. Pin 4 can be 
taken low with a mechanical switch or an NPN transistor. If 
a transistor is used it must have low leakage, less than 
100 nA at 3 volts V CE , and low saturation, less than 
200 mV at 100 ^A collector current. 

PLL 

To properly demodulate the L-R signal the decoder must 
generate a38 kHz signal that is locked in phase with the 19 
kHz pilot signal at the input. This is done with a phase 
locked loop consisting of a phase detector, a loop filter 
(pins 6 and 7) and a VCO (pins 8 and 9). 

The loop filter is similar to other standard decoders 
however the VCO incorporates an additional low pass filter 
(4.7 nF and 33 kSl) to reduce beat note distortion an addi- 
tional 20 dB. 


Input Interface 

There are two inputs to the LM1870, one for the PLL (pin 2) 
and the normal audio input (pin 19). The input impedance of 
the audio input is about 40 k 0. The input coupling capacitor 
works with this input resistance and sets the lowfrequency 
response and separation. 

The PLL input (pin 2) locks onto the 19 kHz pilot and rejects 
the rest of the composite signal. For this reason it is only 
necessary to use a coupling capacitor large enough to 
insure there is no phase shift at 19 kHz. The input resistance 
of the PLL is 14 kO so a capacitor between 0.01 /jF and 0.1 pF 
would be fine. However, the source driving this input must 
not be affected by this load. This is true only when the 
source is low impedance (less than 10012). 

Typical FM IF circuits have detector output impedance of 5 
kfl or more. This will cause very poor low frequency 
response and separation unless the loading is made con- 
stant over frequency. For this reason the typical input cou- 
pling capacitor is 2 yF. 

IF Correction 

The separation in most radios is limited by the response of 
the IF. The input lead network below can often be used to 
improve radio separation. 


IF Correction Lead Network 


2/iF 


IF DETECTOR 
OUTPUT 



Power Supply 


The LM1870 is designed to work on supplies from 7V tOl5V. 
For automotive applications a regulator is recommended 
to protect against transients; the LM2930-8V is the ideal 
choice. 
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Semiconductor 

LM1877 Dual Power Audio Amplifier 

General Description 

The LM1877 is a monolithic dual power amplifier 
designed to deliver 2W/channel continuous into 8^2 
loads. The LM1877 is designed to operate with a low 
number of external components, and still provide 
flexibility for use in stereo phonographs, tape recorders 
and AM— FM stereo receivers, etc. Each power amplifier 
is biased from a common internal regulator to provide 
high power supply rejection, and output Q point cen- 
tering. The LM1877 is internally compensated for all 
gains greater than 10. 

Features 

■ 2W/channel 

■ —65 dB ripple rejection, output referred 

■ —65 dB channel separation, output referred 

Connection Diagram DuaMn 

BIAS — 

OUTPUT 1 — 

3 

GND — 

4 

GND — 

GND — 

INPUT 1— 1 
FEEDBACK 1 — 


^ TOP VIEW 

Order Number LM1877N 
See NS Package N14A 

Equivalent Schematic Diagram 

14 



Line Package 



Li OUTPUT 2 
1 12 

r—GND 



t INPUT 2 

FEEDBACK 2 


■ Wide supply range, 6— 24V 

■ Very low cross-over distortion 

■ Low audio band noise 

■ AC short circuit protected 

■ Internal thermal shutdown 

Applications 

■ Multi-channel audio systems 

■ Stereo phonographs 

a Taoe recorders and players 

■ AM — FM radio receivers 

■ Servo amplifiers 

■ Intercom systems 

■ Automotive products 
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Absolute Maximum Ratings 

26V 
±0.7V 
0°C to +70° C 
65°C to +150°C 
150°C 
300°C 


Electrical Characteristics V 5 = 20V, T A = 25°C, R[_ = 8 ft, Ay = 50 (34,dB) unless otherwise specified 


PARAMETER 

| CONDITIONS | 

MIN 

TYP 

MAX 

UNITS 

Total Supply Current 

£ 

0 

O 

Q. 


25 

50 

mA 

Output Power 

THD = 10% 





LM1877N 

V§ = 20V, R L = 8ft 

2.0 



W 

Total Harmonic Distortion 






LM1877 

f = 1 kHz, V S = 14V 

PO = 50 mW/Channel 


0.075 

- 

% 


PO = 500 mW/Channel 


0.045 


% 


PO = 1 W/Channel 


0.055 


% 

Output Swing 

Rl_ = 8£2 


V S — 6 


Vp-p 

Channel Separation 

Cf = 50 [if, C|N = 0.1 [if, f = 1 kHz, 

Output Referred 

V S = 20V, Vo = 4 Vrms 

-50 

-70 


dB 


Vs = 7V, Vo = 0.5 Vrms 


-60 


dB 

PSRR Power Supply 

Cf = 50/uF, C|N = 0.1juF, f= 120 Hz, 





Rejection Ratio 

Output Referred 

Vs = 20V, VpiiPPLE = 1 Vrms 

-50 

-65 


dB 


Vs = 7V, Vripple = 0.5Vrms 


-40 


dB 

Noise 

Equivalent Input Noise 

RS = 0, C|N = 0.1 [if , BW = 20 Hz-20 kHz 


2.5 


juV 


Output Noise Wideband 

R S = 0, C|N = 0.1 [if, Ay = 200 


0.80 


mV 

Open Loop Gain 

Rs = 0,f= 100 kHz, R L = 8£2 


70 


dB 

Input Offset Voltage 



15 , 


mV 

Input Bias Current 



50 


nA 

Input Impedance 

Open Loop 


4 


M n 

DC Output Level 

Vs = 20V 

9 

10 

11 

V 

Slew Rate 



2.0 


V/ms 

Power Bandwidth 



65 


kHz 

Current Limit 



1.0 


A 


Note 1 : For operation at ambient temperature greater than 25° C, the LM1877 must be derated based on a maximum 150°C junction temperature 
using a thermal resistance which depends upon device mounting techniques. 


Supply Voltage 
Input Voltage 
Operating Temperature 
Storage Temperature 
Junction Temperature 
Lead Temperature (Soldering, 10 seconds) 
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Typical Performance Characteristics 


Device Dissipation vs 
Ambient Temperature 



T A - AMBIENT TEMPERATURE (°C) 


Power Supply Rejection Ratio 
(Referred to the Output) vs 
Frequency 



10 100 Ik 10k 

FREQUENCY (Hz) 


Power Supply Rejection Ratio 
(Referred to the Output) vs 
Frequency 



10 100 Ik 10k 

FREQUENCY (Hz) 


Power Supply Rejection Ratio 
(Referred to the Output) vs 
Supply Voltage 




NOISE — 1^ | | 




□ 









t 

nrr- 

yyRippLE 

t v RIPPLE 

Cripple s 

r-rt- 




0.3 Vrms 




0.5 Vims 








CBYPASS=5 
ClN = 0.1 tiF 

DjlF 





Vripple 

= 1 Vrms 

— 





Ay = 50 


6 8 10 12 14 16 

SUPPLY VOLTAGE (V) 


Channel Separation (Referred 
to the Output) vs Frequency 



Channel Separation (Referred 
to the Output) vs Frequency 



FREQUENCY (Hz) 


Average Supply Current vs 
p OUT 



0 0.5 1 1.5 2 

POWER OUTPUT (W/CHANNEL) 




Power Dissipation (W) 



0 1 2 3 4 5 


Open Loop Gain vs 
Frequency 



100 Ik 10k 100k 1M 


Output Swing vs Supply 



0 5 10 15 20 25 


POWER OUTPUT (W/CHANNEL) 


FREQUENCY (Hz) 


SUPPLY VOLTAGE (V) 


10 
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Typical Applications 



Frequency Response of Bass Tone Control 


Inverting Unity Gain Amplifier 
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National 

Semiconductor 


Audio/ Radio Circuits 

PRELIMINARY! 


3NR 


DYNAMIC NOISE REDUCTION SYSTEM 


LM1894 Dynamic Noise Reduction System DNR™ 


General Description 

The LM1894 is a stereo noise reduction circuit for use with 
audio playback systems. The DNR™ system is non- 
complementary, meaning it does not require encoded, 
source material. The system is compatible with virtually 
all prerecorded tapes and FM broadcasts. Psychoacous- 
tic masking, and an adaptive bandwidth scheme allow the 
DNR™ to achieve 10 dB of noise reduction. DNR™ can 
save circuit board space and cost because of the few addi- 
tional components required. 


Features 

■ Non-complementary noise reduction, “single ended” 

■ Low cost external components, no critical matching 

■ Compatible with all prerecorded tapes and FM 

■ 1 0 dBef fective tape noise reductionCCIR/ARM weighted 

■ Wide supply range, 4.5V to 18V 

■ 1 Vrms input overload 

■ No license requirements 

Applications 

■ Automotive radio/tape players 

■ Compact portable tape players 

■ Quality HI-FI tape systems 

■ VCR playback noise reduction 

■ Video disc playback noise reduction 


Typical Application 


cii 


IjiF 



TO VOLUME 
CONTROL AND 
POWER AMPLIFIERS 


FIGURE 1. Component Hook-Up for Stereo DNR™ System 


DNR™ is a trademark of National Semiconductor Corp. 

The DNR™ system is licensed to National Semiconductor Corp. under U.S. patent 3,678,416 and 3,753,159. 
Contact National Semiconductor for use of DNR™ logo. 
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Absolute Maximum Ratings 





Supply Voltage 

20V StorageTemperature 


-65°Cto + 150°C 

Input Voltage Range, V pk 

V s /2 Lead Temperature (Soldering, 10 seconds) 

300 °C 

Operating Temperature(Notel) 

0°Cto70°C 





Electrical Characteristics 





V S = 8V, T a = 25°C, V )n = 300 mV at 1 kHz, circuit shown in Figure 1 unless otherwise specified. 



Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Operating Supply Range 


4.5 

8 

18' 

V 

Supply Current 

< 

CO 

II 

00 

< 


17 

25 

mA 

MAIN SIGNAL PATH | 

Voltage Gain 

DC Ground Pin 9, Note 2 

-0.9 

. -1 

-1.1 

V/V 

DC Output Voltage 


3.7 

4.0 

4.3 

V 

Channel Balance 

DC Ground Pin 9 

-1.0 


1.0 

dB 

Minimum Bandwidth 

AC Ground Pin 9 with 0.1 /*F 

Capacitor, Note 2 

675 

965 

1400 

HZ 

Maximum Bandwidth 

DC Ground Pin 9, Note 2 

27 

34 

46 

kHz 

Effective Noise Reduction 

CCIR/ARM Weighted, Note 3 


-10 

-14 

dB 

Total Harmonic Distortion 

DC Ground Pin 9 


0.05 

0.1 

% 

Input Headroom 

Maximum V )N for 3% THD 

AC Ground Pin 9 


1.0 


Vrms 

Output Headroom 

Maximum V 0 ut for 3% THD 

DC Ground Pin 9 


V s -1.5 


Vp-p 

Signal to Noise 

BW = 20 Hz-20 kHz, re 300 mV 






AC Ground Pin 9 


79 


dB 


DC Ground Pin 9 

CCIR/ARM Weighted re 300 mV, 

Note 4 


77 


dB 


AC Ground Pin 9 

82 

88 


dB 


DC Ground Pin 9 

CCIR Peak, re 300 mV, Note 5 

70 

76 


dB 


AC Ground Pin 9 


77 


dB 


DC Ground Pin 9 


64 


dB 

Input Impedance 

Pin 2 and Pin 13 

14 

20 

26 

kfi 

Channel Separation 

DC Ground Pin 9 

-50 

-70 


dB 

Power Supply Rejection 

C14 = 100 /tF, Vrippi_£ = 500 
mVrms, 
f = 1 kHz 

-40 

-56 


dB 

Output DC Shift 

Reference DVM to Pin 14 and 

Measure Output DC Shift from 

Minimum to Maximum Band- 
width, Note 6. 


4.0 

20 

mV 

CONTROL SIGNAL PATH 

Summing Amplifier Voltage Gain 

Both Channels Driven 

0.9 

1 

1.1 

V/V 

Gain Amplifier Input Impedance 

Pin 6 

24 

30 

39 

kfi 

Voltage Gain 

Pin 6 to Pin 8 

21.5 

24 

26.5 

V/V 

Peak Detector Input Impedance 

Pin 9 

560 

700 

840 

fi 

Voltage Gain 

Pin 9 to Pin 10 

30 

33 

36 

V/V , 

Attack Time 

Measured to 90% of Final Value 
with 10 kHz Tone Burst 

300 

500 

700 

(iS 

Decay Time 

Measured to 90% of Final Value- 
with 10 kHz Tone Burst 

45 

60 

75 

ms 

DC Voltage Range 

Minimum Bandwidth to Maximum 
Bandwidth 

1.1 


3.8 

V 
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Notes 

Note 1: For operation in ambient temperature above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal 
resistance of 80°C/W junction to ambient. 

Note 2: To force the DNR™ system into maximum bandwidth, DC ground the input to the peak detector, pin 9. A negative temperature coefficient of 
- 0.5% /°C on the bandwidth, reduces the maximum bandwidth at increased ambient temperature or higher package dissipation. AC ground pin 9 or pin 6 to 
select minimum bandwidth. To change minimum and maximum bandwidth, see Application Hints. 

Not® 3: The maximum noise reduction CCIR/ARM weighted is about 14 dB. This is accomplished by changing the bandwidth from maximum to minimum. In 
actual operation, minimum bandwidth is not selected, a nominal minimum bandwidth of about 2 kHz gives - 10 dB of noise reduction. See Application Hints. 
Note 4: The CCIR/ARM weighted noise is measured with a 40 dB gain amplifier between the DNR™ system and the CCIR weighting filter; it is then input 
referred. 

Note 5: Measured using the Rhode-Schwartz psophometer. 

Note 6: Pin 10 is DC forced half way between the maximum bandwidth DC level and minimum bandwidth DC level. An AC 1 kHz signal is then applied to pin 10. 
Its peak-to-peak amplitude is Vqc (max BW) - Vqc ( min BW). 


Typical Performance Characteristics 


Supply Current vs Supply 
Voltage 



4 8 12 16 20 

SUPPLY VOLTAGE (V) 


THD vs Frequency 



FREQUENCY (Hz) 


Main Signal Path 
Bandwidth vs Control 
Voltage 



100 Ik 10k 100k 

BANDWIDTH (Hz) 


Channel Separation 
(Referred to the Output) vs 
Frequency 



FREQUENCY (Hz) 


- 3 dB Bandwidth vs 
Frequency and Control 
Signal 



FREQUENCY (Hz) 


Peak Detector Response 



Power Supply Rejection 
Ratio (Referred to the 



10 100 Ik 10k 


FREQUENCY (Hz) 


Gain of Control 
Path vs Frequency (with 
19 kHz FM Pilot Filter) 



100 Ik 10k 100k 

FREQUENCY (Hz) 


Output Response 



TIME: 20 ms/DIV 
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External Component Guide (Figure 1) 

Component Value Purpose 

Cl 0.1 /xF-100 /xF May be part of power supply, 

or may be added to suppress 
power supply oscillation. 


C2, C13 

1*F 

Blocks DC, pin 2 and pin 13 
are at DC potential of V s /2. C2, 
C13 form a low frequency pole 
with 20k R, n . 

fL = 1 

27TC2 R, n 

C14 

25 /xF-100 /xF 

Improves power supply 
rejection. 

C3, C12 

0.0039 /xF 

Forms integrator with internal 
gm block and op amp. Sets 
bandwidth conversion gain of 
27 Hz/fxA of gm current. 

C4, C11 

ImF 

Output coupling capacitor. 
Output is at DC potential of 
V s /2. 

C5 

0.1 /xF 

Works with R1 and R2 to at- 
tenuate iow iiequenuy iicui- 
sients which could disturb 
control path operation. 



f 1 =1.6 kHz 



27TC5(R1 + R2) 

C6 

0.001 /xF 

Works with input resistance 
of pin 6 to form part of control 
path frequency weighting. 



f 6 = - =5.3 kHz 



27TC6 Rp| N e 

C8 

0.1 /xF 

Combined with L8 and C L 
forms 19 kHz filter for FM 



pilot. This is only required in 
FM applications (Note 1). 

L8, C L 

4.7 mH, 

Forms 19 kHz filter for FM 


0.015 nF 

pilot. L8 is Toko coil 
CAN-1A185HM* (Note 1). 

C9 

0.047 /xF 

Works with input resistance 
of pin 9 to form part of control 
path frequency weighting. 



fg = 1 = 4.8 kHz 

27TC9 RpiN g 

CIO 

1/xF 

Sets attack and decay time of 
peak detector. 

R1, R2 

1 kfi 

Sensitivity resistors set the 
noise threshold. Reducing at- 
tenuation causes larger 
signals to be peak detected 
and larger bandwidth in main 
signal path. Total value of 
R1 + R2 should equal 1 kfi. 

R8 

1000 

Forms RC roll-off with C8. 


This is only required in FM 
applications. 

* Toko America Inc., 5520 W. Touhy Avenue, Skokie, Illinois 60077 
Note 1: When FM applications are not required, pin 8 and pin 9 hook-up 
as follows: 



I 


Circuit Operation 

The LM1894 has two signal paths, a main signal path and a 
bandwidth control path. The main path is an audio low 
pass filter comprised of a gm block with a variable current, 
and an op amp configured as an integrator. As seen in 
Figure 2 , DC feedback constrains the low frequency gain 
to A v = -1. Above the cutoff frequency of the filter, the 
output decreases at -6 dB/oct due to the action of the 

0. 0039 /xF capacitor. 

The purpose of the control path is to generate a bandwidth 
control signal which replicates the ear’s sensitivity to 
noise in the presence of a tone. A single control path is 
used for both channels to keep the stereo image from 
wandering. This is done by adding the right and left chan- 
nels together in the summing amplifier of Figure 2. The R1, 
R2 resistor divider adjusts the incoming noise level to 
open slightly the bandwidth of the low pass filter. Control 
path gain is about 60 dB and is set by the gain amplifier 
and peak detector gain. This large gain is needed to en- 
sure the low pass filter bandwidth can be opened by very 
low noise floors. The capacitors between the summing 
cu i ipii i ici u input ou iu Inc peak detector input determine 
the frequency weighting as shown in the typical perform- 
ance curves. The 1 /xF capacitor at pin 10, in conjunction 
with internal resistors, sets the attack and decay times. 
The voltage is converted into a proportional current which 
is fed into the gm blocks. The bandwidth sensitivity to gm 
current is 27 Hz/^A. In FM stereo applications a 19 kHz 
pilot filter is inserted between pin 8 and pin 9 as shown in 
Figure 1. 

Figure 3 is an interesting curve and deserves some discus- 
sion. Although the output of the DNR™ system is a linear 
function of input signal, the - 3 dB bandwidth is not. This 
is due to the non-linear nature of the control path. The 
DNR™ system has a uniform frequency response, but 
looking at the -3 dB bandwidth on a steady state basis 
with a single frequency input can be misleading. It must be 
remembered that a single input frequency can only give a 
single -3 dB bandwidth and the roll-off from this point 
must be a smooth - 6 dB/oct. 

A more accurate evaluation of the frequency response can 
be seen in Figure 4. In this case the main signal path is 
frequency swept, while the control path has a constant 
frequency applied. It can be seen that different control 
path frequencies each give a distinctive gain roll-off. 

Psychoacoustic Basics 

The dynamic noise reduction system is a low pass filter 
that has a variable bandwidth of 1 kHz to 30 kHz, depend- 
ent on music spectrum. The DNR™ system operates on 
three principles of psychoacoustics. 

1. White noise can mask pure tones. The total noise 
energy required to mask a pure tone must equal the energy 
of the tone itself. Within certain limits, the wider the band 
of masking noise about the tone, the lower the noise amp- 
litude need be. As long as the total energy of the noise is 
equal to or greater than the energy of the tone, the tone will 
be inaudible. This principle may be turned around; when 
music is present, it is capable of masking noise in the 
same bandwidth. 


10 
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2. The ear cannot detect distortion for less than 1 ms. On 
a transient basis, if distortion occurs in less than 1 ms, the 
ear acts as an integrator and is unable to detect it. 
Because of this, signals of sufficient energy to mask noise 
open the bandwidth to 90% of the maximum value in less 


than 1 ms. Reducing the bandwidth to within 10% of its 
minimum value is done in about 60 ms: long enough to 
allow the ambience of the music to pass through, but not 
so long as to allow the noise floor to become audible. 


Block Diagram 


CH2 lg CH2 OUTPUT CHI OUTPUT CHI l 0 



SAMP GAIN AMP GAIN AMP PEAK 

OUTPUT INPUT OUTPUT DETECTOR 

INPUT 


PEAK GND 
DETECTOR 
OUTPUT 


FIGURE 2 


20 
10 
0 

-10 

£ -20 
T. -30 
° -40 
-50 
-60 
-70 
-80 

20 50 100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hz) 



FREQUENCY (Hz) 


1 1 -1 






V, n = 30 

0 m 

V 






100 mV 








30 mV 





_ 



10 mV 








3 mV 




















s, 










N0I\ 

AINA 

IL B 

W 






WITHOUT 19 kHz FILTER 




FIGURE 3. Output vs Frequency 


FIGURE 4. - 3 dB Bandwidth vs Frequency 
and Control Signal 
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3. Reducing the audio bandwidth reduces the audibility of 
noise. Audibility of noise is dependent on noise spectrum, 
or how the noise energy is distributed with frequency. 
Depending on the tape and the recorder equalization, tape 
noise spectrum may be slightly rolled off with frequency 
on a per octave basis. The ear sensitivity on the other hand 
greatly increases between 2 KHz and 10 kHz. Noise in this 
region is extremely audible. The DNR™ system low pass 
filters this noise. Low frequency music will not apprecia- 
bly open the DNR™ bandwidth, thus 2 kHz to 20 kHz noise 
is not heard. 

Application Hints 

The DNR™ system should always be placed before tone 
and volume controls as shown in Figure 1. This is because 
any adjustment of these controls would alter the noise 
floor seen by the DNR™ control path. The sensitivity 
resistors R1 and R2 may need to be switched with the in- 
put selector, depending on the noise floors of different 
sources, i.e., tape, FM, phono. To determine the value of R1 
and R2 in a tape system for instance; apply tape noise (no 
program material) and adjust the ratio of R1 and R2 to 
open siignuy me bandwidth ot the main aiynai pain. This 
can easily be done by viewing the capacitor voltage of pin 
10 with an oscilloscope, or by using the circuit of Figure 5. 
This circuit gives an LED display of the voltage on the peak 
detector capacitor. Adjust the values of R1 and R2 (their 
sum is always 1 kfi) to light the LEDs of pin 1 and pin 18. 
The LED bar graph does not indicate signal level, but 
rather instantaneous bandwidth of the two filters; it 
should not be used as a signal-level indicator. For greater 
flexibility in setting the bandwidth sensitivity, R1 and R2 
could be replaced by a 1 kfl potentiometer. 

To change the minimum and maximum value of band- 
width, the integrating capacitors, C3 and C12, can be 
scaled up or down. Since the bandwidth is inversely 
proportional to the capacitance, changing this 0.0039 /xF 
capacitor to 0.0033 /xF will change the typical bandwidth 
from 965 Hz-34 kHz to 1.1 kHz-40 kHz. With C3 and C12 
set at 0.0039 /xF, the maximum bandwidth is typically 
34 kHz. A double pole double throw switch can be used to 
completely bypass DNR. 


The capacitor on pin 10 in conjunction with internal 
resistors sets the attack and decay times. The attack time 
can be altered by changing the size of CIO. Decay times 
can be decreased by paralleling a resistor with CIO, and 
increased by increasing the value of CIO. 

When measuring the amount of noise reduction of the 
DNR™ system, the frequency response of the cassette 
should be flat to 10 kHz. The CCIR weighting network has 
substantial gain to 8 kHz and any additional roll-off in the 
cassette player will reduce the benefits of DNR™ noise 
reduction. A typical signal-to-noise measurement circuit 
is shown in Figure 6. The DNR™ system should be 
switched from maximum bandwidth to nominal band- 
width with tape noise as a signal source. The reduction in 
measured noise is the signal-to-noise ratio improvement. 

FOR FURTHER READING 
Tape Noise Levels 

1. “A Wide Range Dynamic Noise Reduction System”, 
Blackmer, ‘dB’ Magazine, August-September 1972, 
Volume 5 f*3 

2. ‘‘Dolby B-Type Noise Reduction System”, Berkowitz 
and Gundry, Serf Journal, May-June 1974, Volume 8. 

3. ‘‘Cassette vs Elcaset vs Open Reel”, Toole, Audioscene 
Canada, April 1978. 

4. ‘‘CCIR/ARM: A Practical Noise Measurement Method”, 
Dolby, Robinson, Gundry, JAES, 1978. 

Noise Masking 

1. “Masking and Discrimination”, Bos and De Boer, JAES, 
Volume 39, #4, 1966. 

2. “The Masking of Pure Tones and Speech by White 
Noise”, Hawkins and Stevens, JAES, Volume 22, #1, 1950. 

3. “Sound System Engineering”, Davis, Howard W. Sams 
and Co. 

4. “High Quality Sound Reproduction”, Moir, Chapman 
Hall, 1960. 

5. “Speech and Hearing in Communication”, Fletcher, 
Van Nostrand, 1953. 



FIGURE 5. Bar Graph Display of Peak Detector Voltage 
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LM1894 


Application Hints (Continued) 



FIGURE 6. Technique for Measuring S/N Improvement 
of the DNR™ System 


Printed Circuit Layout 


V, N , V + GNO V, N , 





3018 J 103 

DNR™ Component Diagram 


V 0UT2 

PEAK DETECTOR OUT 
PEAK DETECTOR IN 
GNO 
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National Audio/ Radio Circuits 

Semiconductor 

LM1895/LM2895 Audio Power Amplifier 

General Description 

■ Low noise 

■ 3V, 40, P 0 = 250 mW 

■ Wide supply operation 3V-15V (LM2895) 

■ Low distortion 

■ No turn on “pop” 

■ Smooth waveform clipping 

■ 8-pin miniDIP (LM1895) 

■ 1 2V, 40,' P 0 = 4W (LM2895) 
m ToctoH f nr jnu/ crnc;«5nvpr distortion 


Applications 

■ Compact AM-FM radios 

■ Battery operated tape player amplifiers 

■ Line driver 


Typical Applications 


Cs 

470 /jF 



FIGURE 1. LM1895 with A v = 500, BW = 5 kHz, AM Radio 
Application (V )N = 4.2 mV for Full Power Output) 


Order Number LM1895N 
See NS Package N08A 

Order Number LM2895P 
See NS Package P11A 


The LM1895 is a 6V audio power amplifier designed to 
deliver 1 W into 4a Utilizing a unique patented compensa- 
tion scheme, the LM1895 is ideal for sensitive AM radio ap- 
plications. This new circuit technique exhibits lower 
noise, lower- distortion, and less AM radiation than con- 
ventional designs. The amplifier’s supply range (3V-9V) is 
ideal for battery operation. The LM1895 is packaged in an 
8-pin miniDIP for minimum PC board space. For higher 
supplies (V S >9V) the LM2895 is available in an 11-lead 
sinqle-in-line package. The 11-lead package has been 
redesigned, resulting in a slightly degraded thermal 
characteristic shown in the figure Device Dissipation vs 
Ambient Temperature. 

Features 

■ Guaranteed low crossover distortion 

■ Low AM radiation 
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LM1895/LM2895 


Absolute Maximum Ratings 

Supply Voltage 

LM1895 V s = 12V 

LM2895 V s = 18V 

Operating Temperature (Note 1) 0°Cto +70°C 

Storage Temperature -65°Cto +150°C 

Junction Temperature 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics Unless otherwise specified, T a = 25°C, A v = 200(46 dB). For the LM1895, V S = 6V and 
R L =4fl. For the LM2895, T tab = 25°C, V S = 12V and R L =4fi. Test circuit shown in Figure 2. 


Parameter Conditions — — ... _ 

Mm Typ Max Min Typ Max 

Supply Current P o = 0W, 8 14 12 20 mA 

Operating Supply Voltage 3 10 3 15 V 

Output Power THD = 10%, f = 1 KHz 

LM1895N Vq = 6V, Ri =4fil T 0.9 1.1 W 


Output Power THD = 10%, f = 1 kHz 

LM1895N V S = 6V, R L = 4fil 0.9 1.1 W 

V S = 9V, R L = 8fiJ ° 1.1 W 

LM2895P V S = 12V, R L = 4ftl _ 9A o r 3-6 4.3 W 

V S =12V, R L = 8fiJ ' TAB 1 25 ° 2.5 W 

Distortion f = 1 kHz 

P o = 50 mW 0.27 0.27 % 

P o = 0.5W 0.20 0.20 % 

P o =1.0W 0.15 % 

f = 20 kHz, P 0 = 100 mW, V s = 3.6V 3.0 3.0 % 

Crossover Distortion f = 20 kHz, R L = 4i), P 0 = 100 mW, 3 3 % 

V CC = 3.6V 

Power Supply Rejection C BY = 100 /tF, f = 1 kHz, C iN = 0.1 /xF 40 52 40 52 dB 

Ratio (PSRR) Output Referred, V R)P p LE = 250 mV . 

Noise Equivalent Input Noise R s = 0, 

C, N = 0.1 jxF, BW = 20-20 kHz 1.4 1.4 /*V 

CCIR/ARM 1.4 1.4 uV 

Wideband 2.0 2.0 /xV 

DC Output Level 2.8 3.0 3.2 5.6 6.0 6.4 V 

Input Impedance 50 150 350 50 150 350 kfi 

Input Offset Voltage 5 5 mV 

Input Bias Current 120 120 nA 

Note 1: For operation at ambient temperature greater than 25 °C, the LM1895/LM2895 must be derated based on a maximum junction temperature using a 
thermal resistance which depends upon mounting techniques. 


I LM1895 

LM2895 j 

Min Typ 

Max 

Min 

Typ 

Max 

8 

14 


12 

20 

3 

10 

3 


15 

0.9 1.1 





1.1 







3.6 

4.3 





2.5 


0.27 



0.27 


0.20 



0.20 





0.15 



3.0 



3.0 


3 



3 

40 52 


40 

52 


1.4 



1.4 


1.4 



1.4 


2.0 



2.0 


2.8 3.0 

3.2 

5.6 

6.0 

6.4 

50 150 

350 

50 

150 

350 

5 



5 


120 



120 



Typical Performance Characteristics 


LM2895 Device Dissipation 
vs Ambient Temperature 

' I I ALUMINUM THICKNESS = 1/16 INCH j I 


ALUMINUM 
1x1 IN 46.8” C/W.- 
1.4 x 1.4 IN 39° C/WA 
2x2 IN 33” C/W\ 
3x3 IN 28” C/W\ 


0 10 20 30 40 50 60 70 £ 
Ta-AMBIENT TEMPERATURE (°C) 


LM1895 Maximum Device 
Dissipation vs Ambient 
Temperature 



0 10 20 30 40 50 60 70 8 

T a - AMBIENT TEMPERATURE (°C) 


- 3 dB Bandwidth vs 
Voltage Gain for Stable 
Operation 



100 200 300 400 500 
A V (V/V) 
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Typical Performance Characteristics (Continued) 


AM Recovered Audio and Noise 
vs Field Strength for Different 



THD and Gain vs Frequency 
A v = 54dB, BW = 30 kHz 



20 50 100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hr) 


THD and Gain vs Frequency 
A v = 54 dB, BW = 5 kHz 
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20 50 100 200 500 Ik 2k 5k 10k 20k 


FREQUENCY (Hz) 


THD and Gain vs Frequency 
Ay = 46 dB, BW = 30 kHz 



FREQUENCY (Hz) 


THD and Gain vs Frequency 
A v = 40 dB, BW = 20 kHz 



THD and Gain vs Frequency 
A v = 34 dB, BW = 50 kHz 



20 50 100 200 500 Ik 2k 5k 10k 20k 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Power Supply Rejection 
Ratio (Referred to the 
Output) vs Frequency 



10 100 Ik 10k 


Power Output vs Supply 
Voltage 



0 2 4 6 8 10 12 


Total Harmonic Distortion 



0.01 0.1 1.0 


FREQUENCY (Hz) 


SUPPLY VOLTAGE (V) 


OUTPUT POWER (W) 


Power Dissipation vs 
Output Power, R L = 80 



0 0.5 1.0 1.5 2.0 2.5 3.0 

OUTPUT POWER (W) 


Power Dissipation vs 
Output Power, R L = 40 



0 1.0 2.0 3.0 4.0 5.0 

OUTPUT POWER (W) 
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LM1895/LM2895 


Equivalent Schematic 

BOOTSTRAP 



Pin 7 no connection on LM1895 

Pins 4, 7, 10, 11 no connection on LM2895 

( ) indicates pin number for LM2895 

External Components (Figure q 


Typical Applications (Continued) 


470 jiF 



FIGURE 2. Amplifier with A v = 200, BW = 30 kHz 


Components 

1. R1,R5 

2. R2 

3. R 0 

4. C4 


Comments 

Sets voltage gain, Ay = 1 + R1 /R5 

Bootstrap resistor sets drive current for output stage and allows pin 
2 to go above V s 

Works with C 0 to stabilize output stage 

Input coupling capacitor. Pin 4 is at a DC potential of V s /2. Low fre- 
quency pole set by: 


5. C5 


27rR| N C4 

Feedback capacitor. Ensure unity gain at DC. Also a low frequency 
pole at: 


6. C2 


27T R5C5 

Bootstrap capacitor, used to increase drive to output stage. Alow 
frequency pole is set by: 


7. Cl 

8. C3 

9. C c 


10. C 0 

11. C s 


2? T R2C2 

Compensation capacitor. This stabilizes the amplifier and adjusts 
the bandwidth. See curve of bandwidth vs allowable gain 

Improves power supply rejection. (SeeTypical Performance Curves). 
Increasing C3 increases turn-on delay 

Output coupling capacitor. Isolates pin 1 from the load. Low fre- 
quency pole set by: 

f L = — - — 

27rC c R L 

Works with R 0 to stabilize output stage 
Provides power supply filtering 
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Connection Diagrams 


Dual-ln-Line Package 



Application Hints 

AM Radios 

The LM1895/LM2895 have been designed to fill a wide range 
of audio power applications. A common problem with 1C 
audio power amplifiers has been poor signal-to-noise per- 
formance when used in AM radio applications. In a typical 
radio application, the loopstick antenna is in close prox- 
imity to the audio amplifier. Current flowing in the speaker 
and power supply leads can cause electromagnetic cou- 
pling to the loopstick, resulting in system oscillation. In ad- 
dition, most audio power amplifiers are not optimized for 
lowest noise because of compensation requirements. If 
noise from the audio amplifier radiates intothe AM section, 
the sensitivity and signal-to-noise ratio will be degraded. 

The LM1895 exhibits extremely low wideband noise due in 
part to an external capacitor Cl which is used to tailor the 
bandwidth. The circuit shown in Figure 2 is capable of a 
signal-to-noise ratio in excess of 60 dB referred to 50 mW. 
Capacitor Cl not only limits the closed loop bandwidth, it 
also provides overall loop compensation. Neglecting C5 in 
Figure 2, the gain is: 


Single-ln-Line Package 



S + AyC0 o 

A V (S) = 

S + w 0 

R1 + R5 1 

where A v = , w 0 = 

R5 R1C1 

A curve of -3 dB BW (w 0 ) vs A v is shown in the Typical 
Performance Curves. 

Figure 3 shows a.plot of recovered audio as a function of 
field strength in /tV/M. The receiver section in this example 
is an LM3820. The power amplifier is located about two 
inches from the loopstick antenna. Speaker leads run 
parallel to the loopstick and arel/8 inch from it. Referenced 
to a 20 dB S/N ratio, the improvement in noise performance 
overconventional designs isaboutlOdB.Thiscorresponds 
to an increase in usable sensitivity of about 8.5 dB. 



0.01 0.1 1 10 


FIELD STRENGTH (mV/M) 


FIGURE 3. Improved AM Sensitivity 
Over Conventional Design 



4f 4h 


470 juf 


2200 ^/F 


GND V s Vquj Vquj 
DC AC 


FIGURE 4. Printed Circuit Board Layout for LM1895 
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LM1896/LM2896 



National 

Semiconductor 


Audio/ Radio Circuits 


LM1896/LM2896 Dual Power Audio Amplifier 


General Description 


Features 


The LM1896 is a high performance 6V stereo power 
amplifier designed to deliver 1 watt/channel into 4ft or 2 
watts bridged monaural into 8ft. Utilizing a unique 
patented compensation scheme, the LM1896 is ideal for 
sensitive AM radio applications. This new circuit tech- 
nique exhibits lower wideband noise, lowerdistortion, and 
less AM radiation than conventional designs. The amplifi- 
er’s wide supply range (3V-9V) is ideal for battery opera- 
tion. For higher supplies (V S >9V) the LM2896 is available 
in an 11-lead single-in-line package. The LM2896 package 
has been redesigned, resulting in the slightly degraded 
thermal characteristics shown in the figure Device Dissi- 
pation vs Ambient Temperature. 


■ Low AM radiation 

■ Low noise 

■ 3V, 4ft, stereo P 0 = 250 mW 

■ Wide supply operation 3V-15V (LM2896) 

■ Low distortion 

■ No turn on “pop” 

■ Adjustable voltage gain and bandwidth 

■ Smooth waveform clipping 

■ P 0 = 9W bridged, LM2896 

Applications 

■ Compact AM-FM radios 

■ Stereo tape recorders and players 

■ High power portable stereos 


Typical Applications 



FIGURE 1. LM2896 in Bridge Configuration (A v = 400, BW = 20 kHz) 

Order Number LM1896N Order Number LM2896P 

See NS Package N14A See NS Package P11A 
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Absolute Maximum Ratings 

Supply Voltage 
LM1896 
LM2896 

OperatlngTemperature(Notel) 

StorageTemperature 

Junction Temperature 

Lead Temperature(Soldering, 10 seconds) 


V s = 12V 
V s = 18V 
0°Cto + 70 °C 
-65°Cto+150°C 
150 °C 
300 °C 


Electrical Characteristics Unless otherwise specified, T a = 25°C, A v = 200(46 dB). For the LM1896- 
V s = 6VandR L =4fi. For LM2896, T tab = 25°C, V s = 12V and R L = 80. Test circuit shown in Figure 2. 


Parameter 

Conditions 

1 LM1896 ! 

i LM2896 j 

Units 



1 Max 1 

1 Min 1 

I Tvp 

1 Max ! 

Supply Current 

P o = 0W, Dual Mode 


15 

25 


25 

40 

mA 

Operating Supply Voltage 

Output Power 

THD = 10%, f = 1 kHz 

3 


10 

3 


15 

V 

LM1896N-1 

V S = 6V, R L = 4U Dual Mode ] 

0.9 

1.1 





W 

LM1896N-2 

V S = 6V, R L =8Q Bridge Mode |T a = 25°C 

1.8 

2.1 





W 


V S = 9V, R L =80 Dual Mode J 


1.3 





W 

LM2896P-1 

V S = 12V, R L =8fl Dual Mode ] 




2.0 

2.5 


W 

LM 2896 P-2 

V S = 12V, R L =80 Bridge Model 

V s =9V,R L = 4fl Bridge Mode |' TAB “ 25 




7.2 

9.0 

7.8 


W 

W 


V s = 9V, R L = 4fi Dual Mode J 





2.5 


W 

Distortion 

f = 1 kHz 

P 0 = 50 mW 


0.09 



0.09. 


% 


P o =0.5W 


0.11 



0.11 


% 


o'* 

II 

£ 





0.14 


% 

Power Supply Rejection 

C BY = 100 A F, f = 1 kHz, C, N = 0.1 a F 

-40 

-54 


-40 

-54 


dB 

Ratio (PSRR) 

Output Referred, V RIPPLE = 250 mV 








Channel Separation 

C BY = 100 /xF, f = 1 kHz, C 1N = 0.1 IX F 

Output Referred 

-50 

-64 


-50 

-64 


dB 

Noise 

Equivalent Input Noise R s = 0, 

C, N = 0.1 A F, BW = 20 - 20 kHz 


1.4 



1.4 


mV 


CCIR/ARM 


1.4 



1.4 


/xV 


Wideband 


2.0 



2.0 


■ mV 

DC Output Level 


2.8 

3 

3.2 

5.6 

6 

6.4 

V 

Input Impedance 


50 

100 

350 

50 

100 

350 

kf2 

Input Offset Voltage 



5 



5 


mV 

Voltage Difference 
Between Outputs 

LM1896N-2, LM2896P-2 


10 

20 


10 

20 

mV 

Input Bias Current 



120 



120 


nA 


Note 1: For operation at ambient temperature greater than 25 *C, the LM1896/LM2896 must be derated based on a maximum 150 °C junction temperature 
using a thermal resistance which depends upon mounting techniques. 
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LM1896/LM2896 


Typical Performance Curves 

LM2896 Device Dissipation 
vs Ambient Temperature 


LM1896 Maximum Device 
Dissipation vs Ambient 
Temperature 


- 3 dB Bandwidth vs Voltage 
Gain for Stable Operation 



0 10 20 30 40 50 60 70 80 



0 10 20 30 40 50 60 70 80 



0 100 200 300 400 500 600 


Ta-AMBIENT TEMPERATURE (°C) 


T a - AMBIENT TEMPERATURE (°C) 


A v (V/V) 


THD and Gain vs Frequency 
A v = 54 dB, BW = 30 kHz 



20 50 100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hz) 


THD and Gain vs Frequency 
A v = 54 dB, BW = 5 kHz 



20 50 100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hz) 


THD and Gain vs Frequency 
A v = 46 dB, BW = 50 kHz 



20 50 100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hz) 


THD and Gain vs Frequency 
A v = 40 dB, BW = 20 kHz 



20 50 100 200 500 Ik 2k 5k 10k 20k 


FREQUENCY (Hz) 


THD and Gain vs Frequency 
A v =34dB, BW = 50 kHz 



AM Recovered Audio and Noise 
vs Field Strength for Different 
Speaker Lead Placement 



FIELD STRENGTH (mV/M) 


Power Supply Rejection Ratio 
(Referred to the Output) 
vs Frequency 


Channel Separation (Referred 
to the Output) vs Frequency 


Power Output vs 
Supply Voltage 
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FREQUENCY (Hz) 
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Typical Performance Curves (Continued) 


Total Harmonic Distortion 


vs Power Output 



C3 



Power Dissipation vs 
Power Output R L =4fi 



0 1 2 3 4 5 

POWER OUTPUT (W/CHANNEL) 


Power Dissipation vs 



0 0.5 1.0 1.5 2.0 


POWER OUTPUT (W/CHANNEL) 


Equivalent Schematic 

BOOTSTRAP 1 
^3 (9) 


BOOTSTRAP 2 
2(3) 


_J ' 213 


OUTPUT 1 



-INPUT 1 

6, 9 No connection on LM1896 
( ) Indicates pin number for LM2896 


+INPUT1 BYPASS 


Connection Diagrams 


DuaMn-Line Package 



+IN 2 
-IN 2 

BOOTSTRAP 2 
GNO 

OUTPUT 2 
NC 

+ Vs 


Single-In-Line Package 
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Typical Applications (Continued) 


°|1 F 14(5)hih) 


■HP 


7(11)| 1/2 

1 LM1896 


J(3) — ISO fiF 


| (7) ^S. ,1 -J-C3 

LM1896 ^ sTliW' | 


6, 9 No connection on LM1896 
() Indicates pin number for LM2896 

FIGURE 2. Stereo Amplifier with A v = 200, BW = 30 kHz 


External Components < Figures > 


Components 

1, R2, R5, RIO, R13 


Sets voltage gain, A v = 1 + R5/R2 for one channel and 
A v = 1 + R10/R13 for the other channel. 

Bootstrap resistor sets drive current for output stage and 
allows pins 3 and 12 to go above V s . 

Works with C 0 to stabilize output stage. 

Input coupling capacitor. Pins 1 and 14 are at a DC potential 
of V s /2. Low frequency pole set by; 


5. C2, C13 


Feedback capacitors. Ensure unity gain at DC. Also a low 
frequency pole at: 


6. C3, C12 


Bootstrap capacitors, used to increase drive to output 
stage. A low frequency pole is set by: 


Compensation capacitor. These stabilize the amplifiers 
and adjust their bandwidth. See curve of bandwidth vs 
allowable gain. 

Improves power supply rejection (See Typical Perform- 
ance Curves). Increasing C7 increases turn-on delay. 

Output coupling capacitor. Isolates pins 5 and 10 from the 
load. Low frequency pole set by: 


2ttC c Rl 

Works with R 0 to stabilize output stage. 
Provides power supply filtering. 
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Application Hints 

AM Radios 

The LM1896/LM2896 have been designedtofill a wide range 
of audio power applications. A common problem with 1C 
audio power amplifiers has been poor signal-to-noise per- 
formance when used in AM radio applications. In a typical 
radio application, the loopstick antenna is in close prox- 
imity to the audio amplifier. Current flowing in the speaker 
and power supply leads can cause electromagnetic cou- 
pling to the loopstick, resulting in system oscillation. In ad- 
dition, most audio power amplifiers are not optimized for 
lowest noise because of compensation requirements. If 
noise from the audio amplifier radiates intothe AM section, 
the sensitivity and signal-to-noise ratio will be degraded. 

The LM1896 exhibits extremely low wideband noise due in 
part to an external capacitor C5 which is used to tailor the 
bandwidth. The circuit shown in Figure 2 is capable of a 
signal-to-noise ratio in excess of 60 dB referred to 50 mW. 
Capacitor C5 not only limits the closed loop bandwidth, it 
also provides overall loop compensation. Neglecting C2 in 

dm tret O tho noin i c ■ 

S + AyCi>Q 

Ay(S) 

. S + Ct>0 

R2 + R5 1 

where A v = , co 0 = 

R2 R5C5 

A curve of -3 dB BW (co 0 ) vs A v is shown in the Typical 
Performance Curves. 

Figure 3 shows a plot of recovered audio as a function of 
field strength in yNi M. The receiver section in this example 
is an LM3820. The power amplifier is located about two 
inches from the loopstick antenna. Speaker leads run 
parallel tothe loopstick and arel/8 inch from it. Referenced 
to a20 dB S/N ratio, the improvement in noise performance 
over conventional designs isaboutlOdB.Thiscorresponds 
to an increase in usable sensitivity of about 8.5 dB. 

Bridge Amplifiers 

The LM1896/LM2896 can be used in the bridge mode as a 
monaural power amplifier. In addition to much higher 
power output, the bridge configuration does not require 
output coupling capacitors. The load is connected directly 
between the amplifier outputs as shown in Figure 4. 


Amp 1 has a voltage gain set by 1 + R5/R2. The output of 
amp 1 drives amp 2 which is configured as an inverting 
amplifier with unity gain. Because of this phase inversion 
in amp 2, there is a 6 dB increase in voltage gain referenced 
to Vj. The voltage gain in bridge is: 



C B isusedtopreventDCvoltageontheoutputofamp1from 
causing offset in amp 2. Low frequency response is in- 
fluenced by: 

1 

t L = 

2 n R bCb 

Several precautions should be observed when using the 
LM1896/LM2896 in bridge configuration. Because the 
amplifiers are driving the load out of phase, an 8G speaker 
will appear as a4fi load, and a4fispeakerwill appear asa2f) 
load. Power dissipation is twice as severe in this situation. 
For example, if V s = 6V and R L = 8fi bridged, then the max- 
imum dissipation is: 

v| 6 2 

P D = x2= x 2 

20 R L 20x4 

P D = 0.9 Watts 

This amount of dissipation is equivalent to driving two 4U 
loads in the stereo configuration. 

When adjusting the frequency response in the bridge con- 
figuration, R5C5and R10C10 form a 2 pole cascade and the 
- 3 dB bandwidth is actually shifted to a lower frequency: 

0.707 

BW 

2ttRC 

where R = feedback resistor 
C = feedback capacitor 

To measure the output voltage, a floating or differential 
meter should be used because a prolonged output short 
will over dissipate the package. Figure 1 shows the com- 
plete bridge amplifier. 



FIELD STRENGTH (mV/M) 


FIGURE 3. Improved AM Sensitivity 
Over Conventional Design 
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LM1896/LM2896 


Printed Circuit Layout 

Printed Circuit Board Layout 

Figure 5 and Figure 6 show printed circuit board layouts for 
the LM1896 and LM2896. The circuits are wired as stereo 
amplifiers. The signal source ground should return to the 
input ground shown on the boards. Returning the loads to 
power supply ground through a separate wire will keep the 
THD at its lowest value. The inputs should be terminated in 
less than 50 kfi to prevent an input-output oscillation- This 


oscillation is dependent on the gain and the proximity of 
the bridge elements R B and C B to the( + ) input. If the bridge 
mode is not used, do not insert R B , C B into the PCB. 

To wirethe amplifier into the bridgeconfiguration, short the 
capacitor on pin 7 (pin 1 of the LM1896) to ground. Connect 
together the nodes labeled BRIDGE and drive the capacitor 
connected to pin 5 (pin 14 of the LM1896). 


& O' <£ 

/ 4" ^ 




'r v 




2200 mF 

-HI- 


r b 

100k 


2200 )^F 

H \r~ 




i l! 0pF v. 

N | BRIDGE 

“1 r V| N1 

J INPUT 
GROUND 

10/if . w 

V IN2 
BRIDGE 
•* INPUT 


H>1 


¥ 


c B 

0.1 mF 


COMPONENT SIDE 

FIGURE 5. Printed Circuit Board Layout for the LM1896 


2200 pF 



/ V IN1 
i / BRIDGE 

1 / INPUT 

* V IN2 




100 a^F 


COMPONENT SIDE 


150 p F 


v INPUT 
GROUND 


FIGURE 6. Printed Circuit Board Layout for the LM2896 
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National 

Semiconductor 


Audio/ Radio Circuits 


LM1897 Low Noise Preamplifier for Tape Playback Systems 


General Description 


The LM1897 is a dual high gain preamplifier for applica- 
tions requiring optimum noise performance. It is an 
ideal choice for a tape playback amplifier when a 
combination of low noise, high gain, good power supply 
rejection, and no power up transients are desired. The 
application also provides transient-free muting with a 
single pole grounding switch. 


Features 

■ Programmable turn-on delay 

■ Transient-free power up — no pops 

■ Transient-free muting 

■ Low noise — 0.6 CCIR/ARM in a DIN circuit 
referenced to gain at 1 kHz 


Low Voltage Battery Operation 4V 

Wide gain bandwidth due to broadband 
two amplifier approach 76dB@ 20kHz 

High power supply rejection 105dB 

Low distortion 0.03% 

Fast slew rate 6V//^s 

Short circuit protection 

Internal diodes for diode switching applications 
Low cost external parts 
Excellent low frequency response 
Prevents “click” from being recorded onto the tape 
during power supply cycling in tape playback appli- 
cations 



Figure 1. Typical Tape Playback Preamplifier Application 


Order Number LM1897N 
See NS Package N16E 
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LM1897 


Absolute Maximum Ratings 





Supply Voltage 

18V 





Voltage on Pins 8 and 9 

18V 





Package Dissipation (Note 1) 

715mW 





Storage Temperature 

-65°C to +150°C 





Operating Temperature 

0°C to +70°C 





Minimum Voltage On Any Pin 

— 0-1 v DC 





Lead Temperature (soldering, 10 seconds) 300 °C 





Electrical Characteristics 

(T a = 25°C, Vqc = 12V, See Test Circuit — Figured) 




Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Operating Supply Voltage Range 

Rs removed from circuit 

4 

* 

18 

V 

Supply Current 

V cc = 12V 


6 

12 

mA 

Total Harmonic Distortion 

f = 1kHz, Vin = 0.3 mV, Pins 7 & 10, Figure 2 


0.03 


% 

THD + Noise (Note 2) 

f = 1 kHz, Vout = 1 V, Pins 7 & 10, Figure 2 


0.10 

0.25 

% 

Power Supply Rejection 

Input Ref. f = 1kHz, 1 V RMS 

85 

105 


dB 

Channel Separation 

f = 1 kHz, Output = 1 V RM s, Output to Output 

40 

60 


dB 

Signal to Noise (Note 3) 

Unweighted 32 Hz-12.74kHz (Note 2) 


58 


dB 


CCIR/ARM (Note 4) 


62 


dB 


A Weighted 


64 


dB 


CCIR, Peak (Note 5) 


52 


dB 

Noise 

Output Voltage CCIR/ARM (Note 4) 


120 

200 

mV- 

Input Amplifiers 






Input Bias Current 



0.5 

2.0 

mA 

Input Impedance 

f = 1kHz 

50 



kQ 

A.C. Gain 


27 

28 

29 

dB 

A.C. Gain Imbalance 



±0.15 

±0.5 

dB 

D.C. Output Voltage 


1.8 

2.2 

2.6 

V 

D.C. Output Voltage Mismatch 

Pins 3 and 14 

-200 

±30 

+200 

mV 

Output Source Current 

Pins 3 and 14 

2 

10 


mA 

Output Sink Current 

Output Amplifiers 

Pins 3 and 14 

300 

600 


mA 

Closed Loop Gain 

Stable Operation 

5 



v/v 

Open Loop Voltage Gain 

D.C. 


110 


dB 

Gain Bandwidth Product 



5 


MHz 

Slew Rate 



6 


V/p sec 

Input Offset Voltage 



2 

5 

mV 

Input Offset Current 



20 

100 

nA 

Input Bias Current 



250 

500 

nA 

Output Source Current 

Pin 7 or 10 

2 

10 


mA 

Output Sink Current 

Pin 7 or 10 

400 

900 


M A 

Output Voltage Swing 

Pin 7 or 10 


11 


V PP 

Output Diode Leakage 

Voltage on Pins 8 and 9 = 18V 


0 

10 

mA 

Notel: For operation in ambient temperatures above 25 °C, the device must be derated based on s 

150°C maximum junction 

temperature and a thermal resistance of 175°C/Watt junction to ambient. 





Note 2: Measured with an average responding voltmeter using the filter circuit in Figure 4. This simple filter 

is approximately 

equivalent to a “brick wall” filter with a passband of 20 Hz to 20 kHz(see “Application Hints” section). For 1 kHz THD the 400 Hz high 

pass filter on the distortion analyzer is used. 





Note 3: The numbers are referred to an output level of 160 mV at Pins 7 and 10 using the circuit of Figure 2. This corresponds to an 

input level of 0.3mV RMS at 333 Hz. 






Note 4: Measured with an average responding voltmeter using the Dolby lab’s standard CCIR filter having a unity gain reference at 2kHz. 

Note 5: Measured using the Rhode-Schwarz psophometer, model UPGR. 
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Figure 5. Schematic Diagram 


External Components (Refer to 

Compo- Figure 1) External 

nent Component Function 


Ri, 

C2 


Set turn-on delay and second 
amplifier’s low frequency pole. 
Leakage current in C 2 results in 
DC offset between the amplifier’s 
inputs and therefore this current 
should be kept low. Ri is set 
equal to R 2 such that any input 
offset voltage due to bias current 
is effectively cancelled. An input 
offset voltage is generated by 
the input offset current multi- 
plied by the value of these 
resistors. 


Normal 
Range 
of Value 

2 kQ-40 kQ 

0.1mF-10^F 

(Low 

Leakage) 


R 2 

r 3 


Set the DC and low frequency 
gain of the output amplifier. The 
total input offset voltage will 
also be multiplied by the DC gain 
of this amplifier. It is therefore 
essential to keep the input offset 
voltage specification in mind 
when employing high DC gain in 
the output amplifier; i.e. 5mVx 
400 = 2V offset at the output. 


2kQ-40kQ 

500 kQ- 
10 MQ 


R4 

Ci 


Set tape playback equalization 
characteristics in conjunction 
with R 3 (calculations for the com- 
ponent values are included in the 
Applications Hints section). 


10kQ-200kQ 
0.00047 m F- 

0.01 m f 


R 6 Biases the output diode when it 2kQ-47kQ 
is used in DC switching applica- 
tions. This resistor can be 
excluded if diode switching is 
not desired. 


External Components (Refer to 

Compo- Figure 1) External 

nent Component Function 

C 3 Often used to resonate with tape 
head in order to compensate for 
tape playback losses including 
tape head gap and eddy current. 

For a typical cassette tape head, 
the resonant frequency selected is 
usually between 13 and 17kHz. 

R 5 Increases the output DC bias 
voltage from the nominal 2.2V 
value (See the Application Hints 
section). 

R 7 Optionally used for tape muting. 

The use of this resistor can also 
provide “No Pop” turn-off if 
desired. 

Application Hints 

Distortion Measurement Method 

In order to clearly interpret and compare specifications 
and measurements for low noise preamplifiers, it is 
necessary to understand several basic concepts of noise. 
An obvious example is the measurement of total har- 
monic distortion at very low input signal levels. 
Distortion analyzers provide outputs which allow view- 
ing of the distortion products on an oscilloscope. The 
oscilloscope often reveals that the “distortion” being 
measured contains 1) distortion, 2) noise, and 3) 50 or 60 
cycle AC line hum. 

Line hum can be detected by using the “line sync” on 
the oscilloscope (horizontal sync selector). The trigger- 
ing of a constant waveform indicates that AC line pickup 
is present. This is usually the result of electro-magnetic 
coupling into the preamplifier’s input or improper test 
equipment grounding, which simply must be eliminated 
before making further measurements! 


Normal 
Range 
of Value 

100 pF- 
1000 pF 


lOOkQ- 
10 MQ 
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Input coupling problems can usually be corrected by 
any one of the following solutions: 1) shielding the 
source of the magnetic field (using mu metal or steel), 2) 
magnetically shielding the preamplifier, 3) physically 
moving the preamplifier far enough away from the mag- 
netic field, or 4) using a high pass filter (f o = 200Hz- 
1 kHz) at the output of the preamplifier to prevent any 
line signal from entering the distortion analyzer. Ground 
loop problems can be solved by rearranging ground con- 
nections of the circuit and test equipment. 


Separating noise from distortion products is necessary 
when it is desired to find the actual distortion and not 
the signal-to-noise ratio of an amplifier. The distortion 
produced by the LM1897 is predominately a second har- 
monic. It is for this reason that the third and higher 
order harmonics can be filtered without resulting in any 
appreciable error in the measurement. The filter also 
reduces the amount of noise in the measured data. An- 
other more tedious technique for measuring THD is to 
use a wave analyzer. Each harmonic is measured and 
then summed in an RMS calculation. A typical curve is 
plotted for distortion vs. frequency using this method. A 


. « on i— J-* 

wwi. . a • ■*- 


on UU-. 


order filter. 


To specify the distortion of the LM1897 accurately and 
also not require unusual or tedious measurements the 
following method is used. The output level is set to one 
volt RMS at 1 kHz (approximately 5 millivolts at the in- 
put). The output is filtered with the circuit of Figure 4 to 
limit the bandwidth of the noise and measured with a 
standard distortion analyzer. The analyzer has a filter 
that is switched in to remove line hum and ground loop 
pick-up as well as unrelated low frequency noise. The 
resulting measurement is fast and accurate. 


Signal-To-Noise Ratio 

In the measurement of the signal-to-noise ratio, misin- 
terpretations of the numbers actually measured are 
common. One amplifier may sound much quieter than 
another, but due to improper testing techniques, they 
appear equal in measurements. This is often the case 
when comparing integrated circuit to discrete preampli- 
fier designs. Discrete transistor preamps often “run out 
of gain” at high frequencies and therefore have small 
bandwidths to noise as indicated below. 



FREQUENCY 


log scale but the factor of 10 in bandwidth, (200kHz to 
2 MHz) can result in a 10dB theoretical difference in the 
signal-to-noise ratio (white noise is proportional to the 
square root of the bandwidth in a system). 

In comparing audio amplifiers it is necessary to measure 
the magnitude of noise in the audible bandwidth by 
using a “weighting” filter. 1 A “weighting” filter alters 
the frequency response in order to compensate for the 
average human ear’s sensitivity to certain undesirable 
frequency spectra. The weighting filters at the same 
time provide the bandwidth limiting as discussed in the 
previous paragraph. 

The 32 Hz to 12740 Hz filter shown in Figure 4 is a simple 
two pole, one zero filter, approximately equivalent to a 
“brick wall” filter of 20 Hz to 20kHz. This approximation 
is absolutely valid if the noise has a flat energy spectrum 
over the frequencies involved. In other words a measure- 
ment of a noise source with constant spectral density 
through either of the two filters would result in the same 
reading. The output frequency response of the two 
filters is shown in Figure 7. 



20 FREQUENCY 20k 
“BRICKWALL" FILTER 


Ai 



32-12740 Hz FILTER 


Figure 7. 

Typical signal-to-noise figures are listed for several 
weighting filters which are commonly used in the mea- 
surement of noise. The shape of all weighting filters is 
similar, with the peak of the curve usually occuring in 
the 3-7 kHz region as shown below. 



Figure 6. 


Figure 8. 


Integrated circuits have additional open loop gain allow- 
ing additional feedback loop gain in order to lower har- 
monic distortion and improve frequency response. It is 
this additional bandwidth that can lead to erroneous 
signal to noise measurements if not considered during 
the measurement process. In the typical example 
above, the difference in bandwidth appears small on a 


In addition to noise filtering, differing meter types give 
different noise readings. Meter responses include: 1) 
RMS reading, 2) average responding, 3) peak reading, 
and 4) quasi peak reading. Although theoretical noise 
analysis is derived using true RMS (root mean square) 
based calculations, most actual measurement is taken 
with ARM (Average Responding Meter) test equipment. 
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Unless otherwise noted an average responding meter is 
used for all AC measurements in this data sheet. 

Basic Circuit Approach 

The LM1897 1C incorporates a two stage broadband 
design which minimizes noise, attains overall DC stabi- 
lity and prevents audible transients during turn-on. 

The first stage is a direct coupled amplifier with an inter- 
nal gain of 25V/V (28dB). Direct coupling to the tape 
head reduces input source impedance and external 
component cost by removing the input coupling capacF 
tor. A typical input coupling capacitor of 1 mF has a reac- 
tance of 1.5 kQ at 100Hz. The resulting noise due to the 
amplifier’s input noise current can dominate the noise 
voltage at the output of the playback system. The input 
of the amplifier is biased from a reference voltage that 
is temperature compensated to produce a quiescent DC 
voltage of 2.2 V at the output of the first stage. The input 
stage bias current that flows through the tape head is 
kept below 2^A in order to prevent any erasure of tape 
moving past the head. An added advantage of DC 
biasing is the prevention of large current transients 
during the charging of coupling capacitors at turn-on 
and turn-off. 

The second stage provides additional gain and proper 
equalization while preventing audible turn-on transients 
or “pops”. The output (Pin 10) is kept low until C2 
charges through R1. When the voltage on C2 gets close 
to the DC voltage on Pin 14, the output rises exponen- 
tially to its final DC value. The result is a transient-free 
turn-on characteristic. 

Internal diodes are provided to facilitate electronic 
diode switching popular in automotive applications. 

The general test circuit illustrates the topography of the 
system. The components determining the overall fre- 
quency response ^re external due to the extreme sensi- 
tivity when matching a DIN equalization curve. 

Mute Circuit 

The LM1897 can be muted with the addition of two resis- 
tors and a grounding switch, as shown in Figure 1. When 
the circuit is not muted the additional resistors have no 
effect on the AC performance. They do have an effect on 
the DC Q point however. 

The difference in the DC output voltages of the input 
amplifiers is applied across the mute resistors (R7) and 
the positive input resistors (R1). This results in an addi- 
tional offset at the input of the output amplifiers. To keep 
this offset to a minimum R7 should be as large as pos- 
sible to achieve effective muting. In all cases R7 should 
be at least ten times R1. A typical value of R7 is 25 to 50 
times R1. 


Re provides a DC path for input bias current. The value 
of R 8 should be as low as possible without loading the 
source. A very large value of Rg can cause excessive DC 
offset at the amplifier output. In order to avoid turn-on 
pops, the inverting input of the second amplifier must 
be at a higher voltage than the non-inverting input when 
V cc is applied. R 10 , Rn, Ri 2 » and D 1 ensure that this con- 
dition will be met. If later stages in the playback system 
employ turn-on muting circuitry, these extra components 
may not be needed. The value of Rkj depends on V C c as 
defined by the following relationship: 

Rio = (V C c-1)x1k 



Figure 9. Microphone Preamplifier with 
Capacitor Coupled Input 


Design Equations 

The overall gain of the circuit is given by: 



Standard cassette tapes require equalization of 
31 80 nsec (50 Hz) apd 120 nsec (1.3 kHz). These time con- 
stants result in an AC gain at 1 kHz given by: 

/ — r r \ (3180 n? 

Using the pole and zero locations of the transfer func- 
tion, the two other equations needed to solve for the 
component values are: 

R * = 2nCi (1 326 Hz) (3) 


5 or 50 Hz 
and (2) 

or 1326 Hz 


Capacitor-Coupled Input 

The LM1897 is intended to be coupled directly to the sig- 
nal source. Direct coupling permits faster turn-on and 
less low-frequency noise than would be possible with a 
capacitor-coupled input. However, there are some appli- 
cations which require that the signal source be referred 
to ground and coupled to the input through a capacitor. 
Figure 9 is an example of an LM1897 with a capacitor- 
coupled input. As shown, the circuit has a flat frequency 
response and is suitable for use as a microphone preamp. 


R 3 = ; 


1 


1 


‘ 2 ttCi (50 Hz) 2*^ (1326 Hz) " 2nC 1 (51.96) 

We can now solve for C ^ as a function of R 2 , or: 


(4) 


A v (1kHz)=-25< 


r 1 1 

1 

L2ttC 1 (1326)J 

2nCi(51.96)_ 


Eu 1 1 


(1.663) (5) 


C, = 


-4.80 XIQ- 3 
R 2 [A v (1 kHz)] 


(6) 
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When chromium dioxide tape is used, the defined time 
constants are 3180*isec and 70/^sec. This changes 
equation (3) to: 

R4 = 2nC 1 (2274Hz) 


Example 

If we desire a tape preamp with 100 mV output signal 
from a tape head with a nominal output of 0.5 mV at 
1 kHz for standard ferric cassette tape, the external 
components are determined as follows. The value of R 2 
is arbitrarily set to 10 kQ. 


The value of R3 is normally not changed. This results in 
an error of less than 0.2dB in the low frequency response. 

The output voltage of the LM1897 is set by the input 
amplifier DC voltage at pin 3 or 14, and by R 3 and R 5 . 


Nominal V 0UT (pin 7 or 10) = 2.2 



( 8 ) 


R 1 = r 2 = 10k 


This minimizes errors due to the output amplifier bias 
currents. 


C 1 = 


-4.8OXIO- 3 

~ I r-ioomvi 

10kQ -r-r — — 

0.5 mV 


= 2400 pF 


0.0022 /iF 


Pins 8 and 9 are biased 0.7 volts less than V 0UT (pin 7 or 
10). When these diodes are used the output (pin 7 or 10) 
should be biased at one half the minimum operating 
supply voltage. Equation (8) can be rewritten to solve for 

r 5 . 


R 2 2 R 3 
R5 ~V 0 -2.2 


0 ) 


The output voltage of the LM1897 will vary from that 
given in equation (8) due to variations in the input 
amplifier DC voltage as well as the output amplifier 
input bias current, input offset current and input offset 
voltage. The following equation gives the worst case 
variation in the output voltage. 


Use 0.0022 /iF and determine: 
R ^2l^i326)= 54 - 6kQ - 54 - 9kQ1% 

R 3=2SCwk96) = 1 ' 39Mn - 1 - 4M21% 

To bias the output amplifier output voltage at 6 volts 
(half supply): 

r 5 = 2 ' 2 6 -l~2f~ = 81 1 kQ - 820 kS 

The maximum variation in the output voltage is found 
using equation (11): 


AV 0 UT= ± |aV P | N 3^I + p^+p^l B |As( R 1 - R 2) + -7r( R 1 + R 2> + V Osjj 

( 10 ) 

Using the worst case values in the electrical character- 
istics reduces this to 


AVqut = ± | 0.4 (l + (200 nA (R, - + 50 nA (R^ + R 2 )+ 5 mvjjj 

( 11 ) 

The turn-on delay is set by Ri and C 2 ; delay can be 
approximated by: 

telayTImetsRTCjIn^l^)^^ (12) 


AVqut = ±1-9 volts 

The low frequency response and turn-on delay deter- 
mine the value of C 2 . For R-| = 10k and C 2 = 10^F the low 
frequency 3dB point is 1.6 Hz and the turn-on delay is 
0.4 seconds, from equation (12). 

The complete circuit is shown in Figure 2. A circuit with 
5% components and biased for a minimum supply of 10 
volts is shown in Figure 1. If additional gain is needed 
R-i and R 2 can be reduced without changing the 
frequency response of the circuit. 

Reference 1: CCIR/ARM: A Practical Noise Measure- 
ment Method ; by Ray Dolby, David Robinson and Ken- 
neth Gundry, AES Preprint No. 1353 (F-3). 
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Total Harmonic Distortion vs. 
Frequency 
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Input Amplifier THD vs. 
Input Level 
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National 

Semiconductor 


Audio/ Radio Circuits 


LM2002/LM2002A 8 Watt Audio Power Amplifier 


General Description 


The LM2002 is a cost effective, high power amplifier 
suited for automotive applications. High current capabili- 
ty (3.5A) enables the device to drive low impedance loads 
with low distortion. The LM2002 is current limited and 
thermally protected. High voltage protection is available 
(LM2002A) which enables the amplifier to withstand 40V 
transients on its supply. The LM2002 comes in a 5-pin 
TO-220 package. 

Features 

■ High peak current capability (3.5A) 

■ Large output voltage swing 


■ Externally programmable gain 

■ Wide supply voltage range (5V-20V) 

■ Few external parts required 

■ Low distortion 

■ High input impedance 

■ No turn-on transients 

■ High voltage protection available (LM2002A) 

■ Low noise 

■ AC short circuit protected 

■ Pin for pin compatible with TDA2002 


Equivalent Schematic 



Connection Diagram Typical Applications 
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Absolute Maximum Ratings 


Peak Supply Voltage (50 ms) 
LM2002A(Note2) 

LM2002 

OperatlngSupply Voltage 
Output Current 
Repetitive 
Non-repetitlve 
Input Voltage 
Power Dissipation(Note3) 

Operating Temperature 

Storage Tern perat u re 

LeadTemperature(Soldering,10seconds) 


40V 

25V 

20V 

3.5A 
4.5A 
± 0.5V 
15W 

0°Cto+70°C 
-60°Cto + 150°C 
300°C 


Electrical Characteristics V S = 14.4V, T tab = 25°C, A v = 100 (40 dB), R L = 40, unless otherwise specified 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

DC Output Level 


6.4 

7.2 

8 

V 

Quiescent Supply Current 

Excludes Current in Feedback Resistors 


45 

80 

mA 

Supply Voltage Range 


5 


20 

V 

Input Resistance 



150 


kO 

Bandwidth 

Gain = 40 dB 


100 


kHz 

Output Power 

V s = 13.2V, f=1 kHz 

R L =40, THD = 10% 


4.3 


W 


R L = 20, THD = 10% 


6.5 


W 


V s = 13.8V, f = 1 kHz 

R L = 40, THD = 10% 


4.8 


W 


R L = 20, THD = 10% 

V s = 14.4V, f=1 kHz 


7.4 


W 


R L = 4fi, THD =10% 

4.8 

5.2 


W 


R L = 20, THD = 10% 

7 

8 


W 


R l = 1.60, THD = 10% 

V s = 16V, f=1 kHz 


9 


W 


R L =40, THD = 10% 


6.5 


W 


R L = 20, THD = 10% 


10 


W 


R l = 1.60, THD = 10% 


10.5 


W 

THD 

P 0 =2W, R l = 40, f = 1 kHz 


0.1 


% 


P 0 = 4W, R L = 20, f = 1 kHz 


0.1 


% 

Ripple Rejection 

R s = 500, f = 100 Hz 

30 

40 


dB 


R s = 500, f = 1 kHz 


44 


dB 

Input Noise Voltage 

R s = 0, 15 kHz Bandwidth 


2 


pV 

Input Noise Current 

R s = 100 kO, 15 kHz Bandwidth 


40 


pA 


Note 1: A 1.0 resistor and 0.1 /<F capacitor should be placed as close as possible to pins 3 and 4 for stability. 

Note 2: The LM2002 shuts down above 25V. 

Note 3: For operating at elevated temperatures, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance of 
4°C/W junction to case. 
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LM2002/LM2002A 


Typical Performance Characteristics 


Device Dissipation vs 
Ambient Temperature 
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Power Dissipation vs 
Output Power 



0 2 4 6 8 10 12 14 16 18 

OUTPUT POWER (W> 


Open Loop Gain 
vs Frequency 


Supply Ripple Rejection 
vs Frequency 


Supply Current vs 
Supply Voltage 



FREQUENCY (Hz) 
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^SUPPLY CV) 


Output Power vs 
Supply Voltage 
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Distortion vs Output Power 
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LM2877 



National 
Semiconductor 

LM2877 Dual 4-Watt Power Audio Amplifier 

General Description 


Audio/ Radio Circuits 


The LM2877 is a monolithic dual power amplifier 
designed to deliver 4W/channel continuous into 8£2 
loads. The LM2877 is designed to operate with a low 
number of external components, and still provide 
flexibility for use in stereo phonographs, tape recorders 
and AM— FM stereo receivers, etc. Each power amplifier 
is biased from a common internal regulator to provide 
high power supply rejection and output Q point cen- 
tering. The LM2877 is internally compensated for all 
gains greater than 10, and comes in an 11 -lead single-in- 
line package. The package has been redesigned, result- 
ing in a slightly degraded thermal characteristic shown in 
the figure Device Dissipation vs Ambient Temperature. 

Features 

■ 4W/channe! 

■ -68 dB ripple rejection, output referred 


—70 dB channel separation, output referred 

Wide supply range, 6-24V 

Very low cross-over distortion 

Low audio band noise 

AC short circuit protected 

Internal thermal shutdown 


Applications 


Multi-channel audio systems 
Stereo phonographs 
Tape recorders and players 
AM— FM radio receivers 
Servo amplifiers 
Intercom systems 
Automotive products 


Connection Diagram 


(Single-In-Line Package, Top View) 

BIAS - 


INPUT 1- 

FEEDBACKt- 

*GND- 
FEEDBACK 2 - 

INPUT 2- 

GND- 






O 


o 


Order Number LM2877P 
See NS Package P11A 


Equivalent Schematic Diagram 


Pin 6 can be connected to pin 3 or pin 9, 
if not, pin 6 must be left with NO connection. 






rS 





^Wsr-J-A/W- 


3 , 




64 6 i 6 b 





67 

-FEEDBACK 2 
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Absolute Maximum Ratings 


Supply Voltage 

Input Voltage 

Operating Temperature 

Storage Temperature 

Junction Temperature 

Lead Temperature (Soldering, 10 seconds) 


26V 
±0.7V 
0°C to +70° C 
-65°C to +150°C 
150°C 
300°C 


Electrical Characteristics Vs = 20 V, Tj A b = 25°C, R|_ = 812, Ay = 50 (34 dB) unless otherwise specified 


PARAMETER 

| CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Total Supply Current 

£ 

0 

11 

O 

CL 


25 

50 

mA 

Operating Supply Voltage 


6 


24 

V 

Output Power/Channel 

f = 1 kHz, THD = 10%, T tab = 25°C 

Vs = 20V 

4.0 

4.5 


w 


\ / 1 o\ / 

* 0 ' 


3.6 


\M 


Vs= 12V, R L = 4 12 

1.5 

1.9 


w 

Distortion, THD 

f = 1 kHz, Vs = 20V 

PO = 50 mW/Channel 


0.1 


% 


PO= IW/Channel 


0.07 


% 


P<3 = 2W/Channel 
f = 1 kHz, Vs = 12V, Rl = 412 


0.07 

1 

% 


PO = 50 mW/Channel 


0.25 


% 


PO = 500 mW/Channel 


0.20 


% 


PO = IW/Channel 


0.15 

1 

% 

Output Swing 

Ri_ = 8 12 


V S -4 


Vp-p 

Channel Separation 

Cr = 50 ;uF, C|N = 0.1 fiF, f = 1 kHz, 

Output Referred 

V S = 20V, Vo = 4 Vrms 

-50 

-70 


dB 


Vs = 7V, Vo = 0.5 Vrms 


-60 


dB 

PSRR Power Supply 

Cp = 50 jjlF, C||\| = 0.1 fiF, f = 120 Hz, 





Rejection Ratio 

Output Referred 

Vs = 20V, Vripple = 1 Vrms 

-50 

-68 


dB 


Vs = 7 V, Vripplf = 0.5 Vrms 


-40 


dB 

Noise 

Equivalent Input Noise 

RS = 0, C|N = 0.1 i±F, BW = 20 Hz-20 kHz 
Output Noise Wideband 


2.5 


MV 


RS = 0, C| |\i = 0.1 iiF, Av = 200 


0.80 


mV 

Open Loop Gain 

RS = 0,f= 1 kHz, R[_ = 8 12 


70 


dB 

Input Offset Voltage 



15 


mV 

Input Bias Current 



50 


nA 

Input Impedance 

Open Loop 


4 


M12 

DC Output Level 

Vs = 20V 

9 

. 10 

11 

V 

Slew Rate 



2.0 


V/M s 

Power Bandwidth 



65 


kHz 

Current Limit 



1.0 


A 


Note 1: For operation at ambient temperature greater than 25°C, the LM2877 must be derated based on a maximum 150°C junction temper- 
ature using a thermal resistance which depends upon device mounting techniques. 
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LM2877 



NT (mA) POWER SUPPLY REJECTION (dB) DEV1CE DISSIPATION (W) 


Typical Performance Characteristics 


Device Dissipation vs 
Ambient Temperature 

| I I ALUMINUM THICKNESS = 1/16 INCH I 


Power Supply Rejection Ratio 
(Referred to the Output) vs 
Frequency 


ALUMINUM 
1x1 IN 46.8° C/W^- 
1 .4x1.4 IN 39° C/W\ 
2x2 IN 33° C/W\ 
3x3 IN 28° C/W\ 



Power Supply Rejection Ratio 
(Referred to the Output) vs 
Frequency 

1 — | Min i — pnTmT — rrn i m 

VRIPPLE = 1 Vrms 

1 lltfl C|N = 0.0047 n? ■■ 

L A V = 50 I Mil 


^BYPASS = 1 ^ 


VRIPPLE = 1 Vrms 


0 10 20 30 40 50 60 70 80 
Ta-AMBIENT TEMPERATURE (°C) 

10 100 Ik 10k 

FREQUENCY (Hz) 

ID 100 Ik 10k 

FREQUENCY (Hz) 

Power Supply Rejection Ratio 
(Referred to the Output) vs 

Supply Voltage 

Channel Separation (Referred 
to the Output) vs Frequency 

Channel Separation (Referred 
to the Output) vs Frequency 


F Vripple = 1 Vrms 

V RIPPLE = 0-3 Vrms 

V RIPPLE = 0.5 Vrms 

I f CBYPASS = 50 a/F 

C|N = 0.1 nf 

VRIPPLE = 1 Vrms 


iiiiiiil 

III 

siiiul 

■ml 

iiiiii 
Hill 

■Hi 


c BYPASS = 50 ^ f 
V C C = 20V 
VnUT = 4 Vrms 


CBYPASS = 50mF 

' Vcc = 7V 
. Vo = 500 mVrms 
Ay = 50 



12 3 4 

POWER OUTPUT (W/CHANNEL) 


Ik 10k 100k 

FREQUENCY (Hz) 


8 10 12 14 16 18 20 

SUPPLY VOLTAGE (V) 
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Typical Applications 



Frequency Response of Bass 
Tone Control \ 



20 50 100 200 500 Ik 2k 5k 10k 20k 

FREQUENCY (Hz) 
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Typical Applications (Continued) 


Window Comparator Driving High, Low Lamps 



TRUTH TABLE 


V|N 

High 

Low 

<1/4 V + 

Off 

On 

1/4 V + to 3/4 V + 

Off 

Off 

> 3/4 V + 

On 

Off 


Application Hints 

The LM2877 is an improved LM377 in typical audio ap- 
plications. In the LM2877, the internal voltage regulator 
for the input stage is generated from the voltage on pin 1. 
Normally the inputs cannot common-mode more than 
0.7V above this pin 1 voltage. Nevertheless the common- 
mode range can be increased by externally forcing the 
voltage on pin 1. One way to do this is to short pin 1 to 
the positive supply, pin 11. 


The only special care required with the LM2877 is to 
limit the maximum input differential voltage to ±7V. If 
this differential voltage is exceeded, the input character- 
istics may alter. 

Figure 1 shows a power op amp application with Ay = 1. 
The 100k and 10k resistors set a noise gain of 10 and are 
dictated by amplifier stability. The 10k resistor is boot- 
strapped by the feedback so the input resistance is dom- 
inated by the 1 resistor. 


100k 
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LM2878 


zn National 
mm Semiconductor 


Audio/Radio Circuits 


LM2878 Dual 5 Watt Power Audio Amplifier 


General Description 


The LM2878 is a high voltage stereo power amplifier 
designed to deliver 5 W/channel continuous into 80 loads. 
The amplifier is ideal for use with low regulation power 
supplies due to the absolute maximum rating of 35 V and 
its superior power supply rejection. The LM2878 is de- 
signed to operate with a low number of external com- 
ponents, and still provide flexibility for use in stereo 
phonographs, tape recorders, and AM-FM stereo receiv- 
ers. The flexibility of the LM2878 allows it to be used as a 
power operational amplifier, power comparator or servo 
amplifier. The LM2878 is internally compensated for all 
gains greater than 10, and comes in an 11-lead single- 
in-line package (SIP). The package has been redesigned, 
resulting in the slightly degraded thermal character- 
istics shown in the figure Device Dissipation vs Ambient 
Temperature. 


Features 

■ Wide operating range 6V-32V 

■ 5 W/channel output 

■ 60 dB ripple rejection, output referred 

■ 70 dB channel separation, output referred 

■ Low crossover distortion 

■ AC short circuit protected 

■ Internal thermal shutdown 


Applications 


■ Stereo phonographs 

■ AM-FM radio receivers 

■ Power op amp, power comparator 

■ Servo amplifiers 


Typical Applications 


STEREO 
CERAMIC • 
CARTRIDGE 



Frequency Response 
of Bass Tone Control 


I | TONE IX 

45 f CONTROL FLAT 



20 50 100 200 500 Ik 2k 5k 10k 20k 


FIGURE 1. Stereo Phonograph Amplifier with Bass Tone Control 




Absolute Maximum Ratings 


Supply Voltage 35V 

Input Voltage (Note 1) ±0.7V 

Operating Temperature (Note 2) 0°Cto70°C 

Storage Temperature -65°Cto150°C 

Junction Temperature 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics V s = 22 V, T tab = 25°C, R l = 80 , A v = 50 (34 dB) unless otherwise specified. 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Total Supply Current 

£ 

0 

ll 

0 

Q. 


10 

50 

mA 

Operating Supply Voltage 


6 


32 

V 

uuiput Hower/unannei 

T = 1 KMZ, IMU= l0°/o, l TAB = ZO"C 

5 

5.5 


vv 

Distortion 

f = 1 kHz, R L = 80 

P 0 = 50 mW 


0.20 


% 


P o = 0.5W 


0.15 


% 


P 0 = 2W 


0.14 


% 

Output Swing 

c; 

co 

II 

oc 


V S -6V 


Vp-p 

Channel Separation 

C bypass = 50 n F, C )N = 0.1 fiF 
f = 1 kHz, Output Referred 

V 0 = 4 Vrms 

-50 

-70 


dB 

PSRR Power Supply 

^BYPASS = 50 n F, C, N = 0.1 fxF 

-50 

-60 


dB 

Rejection Ratio 

f = 120 Hz, Output Referred 

Vri PP ie=1 Vrms 





PSRR Negative Supply 

Measured at DC, Input Referred 


-60 


dB 

Common-Mode Range 

Split Supplies ± 15V, Pin 1 

Tied to Pin 11 


±13.5 


V 

Input Offset Voltage 



10 


mV 

Noise 

Equivalent Input Noise 

R s = °. C )N = 0.1 fiF 






BW = 20 -20 kHz 


2.5 


aV 


CCIR-ARM 


3.0 


fV 


Output Noise Wideband 

Rg — 0, C|n = 0.1 fiF, Ay = 200 


0.8 


mV 

Open Loop Gain 

R s = 510, f = 1 kHz, R L = 80 


70 


dB 

Input Bias Current 



100 


nA 

Input Impedance 

Open Loop 


4 


MO 

DC Output Voltage 

V s = 22V 

10 

11 

12 

V 

Slew Rate 



2 


V/ M s 

Power Bandwidth 

3 dB Bandwidth at 2.5W 


65 


kHz 

Current Limit 



1.5 


A 


Note 1: ± 0.7V applies to audio applications; for extended range, see Application Hints. 

Note 2: For operation at ambient temperature greater than 25°C, the LM2878 must be derated based on a maximum 150°C junction temperature using a ther- 
mal resistance which depends upon device mounting techniques. 
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LM2878 


Typical Performance Characteristics 

Power Supply Rejection 

Device Dissipation vs Ratio (Referred to the 

Ambient Temperature Output) vs Frequency 


ALUMINUM THICKNESS =1/16 INCH 


ALUMINUM 
1x1 IN 46.8- C/W r 
4x1.4 IN 39° C/WA 
2x2 IN 33° C/W\ 
3x3 IN 28° C/W\ 
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Power Supply Rejection 
Ratio (Referred to the 
Output) vs Frequency 
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Power Supply Rejection 
Ratio (Referred to the 
Output) vs Supply Voltage 
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Channel Separation 
(Referred to the Output) vs 
Frequency 
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Total Harmonic Distortion 
vs Frequency 



FREQUENCY (Hz) 
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FREQUENCY (Hz) 


Total Harmonic Distortion 
vs Frequency 
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Total Harmonic Distortion 
vs Power Out 
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Open Loop Gain vs 
Frequency 
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Equivalent Schematic Diagram 
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Connection Diagram 


Single-In-Line Package 



* Pin 6 can be connected to pin 3 or pin 9, 
if not, pin 6 must be left with NO connection. 

Order Number LM2878P 
See NS Package P11A 


Application Hints 

The LM2878 is an improved LM378 in typical audio ap- 
plications. In the LM2878, the internal voltage regulator for 
the input stage is generated from the voltage on pin 1. Nor- 
mally the inputs cannot common-mode more than 0.7V 
above this pin 1 voltage. Nevertheless the common-mode 
range can be increased by externally forcing the voltage 
on pin 1 . One way to do this is to short pin 1 to the positive 
supply, pin 11. 

The only special care required with the LM2878 is to limit 
the maximum input differential voltage to ± 7V. If this dif- 
ferential voltage is exceeded, the input characteristics 
may alter. 

Figure 2 shows a power op amp application with A v = 1. 
The 100k and 10k resistors set a noise gain of 10 and are 
dictated by amplifier stability. The 10k resistor is 
bootstrapped by the feedback so the input resistance is 
dominated by the 1 Mfi resistor. 


100k 



FIGURE 2. Operational Power Amplifier, A v = 1 
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LM3011 



National 

Semiconductor 


Audio/Radio Circuits 


LM3011 Wide Band Amplifier 


General Description 


Features 


The LM3011 is a monolithic wide band amplifier 
circuit that requires a minimum of external 
components for operation. It includes three stages 
of limiting. 


■ A direct replacement for CA301 1 

■ High amplifier gain 

■ Excellent limiting characteristics 

■ Wide frequency capability 


Schematic Diagram 



Block Diagram 


Connection Diagram 
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Absolute Maximum Ratings 


Supply Voltage 
Input Signal (Pin 1) 

Power Dissipation (Note 1) 


Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


-55°C to +75°C 
-65°C to +150°C 
300° C 


Electrical Characteristics <t a = 25°c> 



STATIC CHARACTERISTICS 


Total Device Dissipation (P T ) 
Total Device Dissipation (P T ) 


V cc =6V (Figure 1) 
V cc =7.5V (Figure 1) 


DYNAMIC CHARACTERISTICS V cc = 7.5V, F = 4.5 MHz. unless otherwise noted 


Voltage Gain (A) 

Voltage Gain (A) 

Voltage Gain (A) 

Parallel Input Resistance (R, N ) 
Parallel Input Capacitance (C| N ) 
Parallel Output Resistance (R 0 ut) 
Parallel Output Capacitance (C OUT ) 
Noise Figure (NF) 

Input Limiting Voltage (V, N(1 _ imJ ) 


V C c = 6V, f = 1 MHz (Figure 2) 

V cc = 7.5V, f = 1 MHz (Figure 2) 
V cc = 7.5V, f = 10.7 MHz (Figure 2) 


I 


(-3dB) (Figure 2) 


Note.1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction 
temperature and a thermal resistance of 175°C/W junction to ambient. 

Test Circuits 



,1„F 


.tyF I Rout 

\ I ihn 


SIGNAL | 

SOURCE V; 

R 0 = son I 


F 

|10 5 


RF V.T.V.M. 

1 1 

V V 


(B00NT0N 


\ V 


TYPE 91D 

'll 



OR EQUIVALENT) 

L 

LM3011 




^pF'F 
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LM3075 



National 

Semiconductor 


Audio/Radio Circuits 


LM3075 FM Detector/Limiter and Audio Preamplifier 


General Description 

The LM3075 is a monolithic integrated circuit 
FM detector/limiter and audio preamplifier that 
requires a minimum of external components for 
operation. It includes three stages of IF limiting 
and a differential-peak-detection circuit. 

Features 

■ A direct replacement for the CA3075 


■ Simple detector alignment: one coil 

■ Sensitivity: 3 dB limiting voltage 250 /uV typical 
at 10.7 MHz 

■ Low harmonic distortion 

■ Excellent AM rejection 55 dB typ. at 10.7 MHz 

■ Internal audio preamplifier 
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Absolute Maximum Ratings 

Power Supply Current (Pin 5) 30 mA Operating Temperature Range -40°C to +85°C 

Supply Voltage (Pin 5) 12.5V Storage Temperature Range -65°C to +150°C 

Power Dissipation (Note 1) 715 mW Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics t a = 25°c 


PARAMETER 



CONDITIONS 

LIMITS 

UNITS 


mu 

TYP 


STATIC CHARACTERISTICS 

Supply Current 

'5 


V cc = 8.5V 

8.5 

15 






V cc = 11.2V 


17.5 






V cc = 12.5V 


19 

29 


Detector Output Level (High) 

v 7 




6.1 


I 

Detector Output Level (Low) 

v 8 


V cc - 1 1.2V 


5.4 


V 

Audio Amplifier Output Level 

V 12 




5.2 


V 

DYNAMIC CHARACTERISTICS AT V + = 11.2V, f 0 = 

10.7 MHz, Af 

= ±75 kHz, fm = 400 Hz 





Input Limiting Threshold 

V IN(UM) 

1 



250 

600 

pV 

AM Rejection 

AMR 

1 

AM: 1 kHz @30% 

V im = 100 mV 


55 


dB 

Recovered AF Voltage 
(At Terminal 12) 

V 0 (AF) 

1 



1.5 


V 

Total Harmonic Distortion 

Thd 

1 



1 

2 

% 

Audio Preamplifier 








Voltage Gain 

Av(a«> 

2 

V IN = 100 mV, f = 400 Hz 


21 


dB 

Total Harmonic Distortion 

Thd 

2 

Vqut = 2V, f = 400 Hz 


1.5 

5 

% 


Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction 
temperature and a thermal resistance of 175°C/W junction to ambient. 


Test Circuits 



TEST CIRCUIT 1 



TEST CIRCUIT 2 
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LM3089 


M 


National 

Semiconductor 


Audio/ Radio Circuits 


LM3089 FM Receiver IF System 


General Description 


The LM3089 has been designed to provide all the major 
functions required for modern FM IF designs of auto- 
motive, high-fidelity and communications receivers. 

Features 

■ Three stage IF amplifier/limiter provides 12/iV (typ) 
-3 dB limiting sensitivity 

■ Balanced product detector and audio amplifier pro- 
vide 400 mV (typ) of recovered audio with distortion 
as low as 0.1% with proper external coil designs 


Four internal carrier level detectors provide delayed 
AGC signal to tuner, IF level meter drive current and 
interchannel mute control 

AFC amplifier provides AFC current for tuner and/or 
center tuning meters 

Improved operating and temperature performance, 
especially when using high Q quadrature coils in 
narrow band FM communications receivers 
No mute circuit latchup problems 
A direct replacement for CA3089E 


Block and Connection Diagram 



DELAYED 
AGC FOR <« 
RF AMPLIFIER 


IF LEVEL 
METER 

GROUND SUBSTRATE DRIVER 


o AFC 

OUTPUT 


Dual-ln-Line Package 


TUNE MUTE 
GND METER LOGIC 


REF QUAD 
BIAS INPUT 



Order Number LM3089N 
See NS Package N16E 


IF IN DECOUPLE IF BIAS IF GND MUTE AUDIO AFC 
INPUT OUT OUT 









Absolute Maximum Ratings 

Supply Voltage Between Pin11andPins4,14 +16V 

DC Current Out of Pm 12 5 mA 

DC Current Out of Pin 1 3 5 mA 

DC Current Out of Pin 15 2 mA 


Power Dissipation (Note 2) 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


1390 mW 
-40° C to +85°C 
-65°C to +150°C 
300°C 


Electrical Characteristics (t a = 25°c, v C c = + i 2 v, S ee Test circuit) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

DC CHARACTERISTICS (V| N = 0, NOT MUTED) 






111 

Supply Current 


16 

23 

30 

mA 

VI, 2,3 

1 F Input and Bias 


1.2 

1.9 

2.4 

V 

V6 

Audio Output 


5.0 

5.6 

6.0 

V 

V7 

AFC Output 


5.0 

5.6 

6.0 

V 

V10 

Reference Bias 


5.0 

5.6 

6.0 

V 

V12 

Mute Control 


5.0 

5.4 

6.0 

V 

VI 2 

IF Level 



o 

0 ^ 

\/ 

V15 

Delayed AGC 


4.2 

4.7 

5.3 

V 


DYNAMIC CHARACTERISTICS f Q = 10.7 MHz, Af = ±75 kHz @ 400 Hz 


Vin(LIM) 

Input Limiting -3 dB 



12 

25 


AMR 

AM Rejection 

V 1 1 \] = 100 mV, AM: 30% 

45 

55 


-dB 

V 0 (AF) , 

Recovered Audio 

V|[\| = 10 mV 

300 

400 

500 

mVrms 

THD 

Total Harmonic Distortion 







Single Tuned (Note 1 ) 

V | (\j = 100 mV 


0.5 

1.0 

% 


Double Tuned (Note 1) 

V|N = 100 mV 


0.1 

0.3 

% 

S+N/N 

Signal to Noise Ratio 

V|N = 100 mV 

60 

70 


dB 

V12 

Mute Control 

Vim = 100 mV 


0 

0.5 

V 

VI 3 

IF Level 

V|N = 100 mV 

4.0 

5.0 

6.0 

V 

V13 

IF Level 

V||\| = 500 /iV 

1.0 

1.5 

2.0 

V 

VI 5 

Delayed AGC 

V | [\j = 100 mV 


0.1 

0.5 

V 

V15 

Delayed AGC 

V||\| = 30 mV 


2.5 


V 

V 0 (AF) 

Audio Muted 

V|N= 100 mV, V5 = +2.5V 


60 


-dB 


Note 1 : Distortion is a function of quadrature coil used. 

Note 2: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a 
thermal resistance of 90°C/W junction to ambient. i 


Typical Performance Characteristics 


Typical S + N/N and IF Limiting 
Sensitivity vs IF Input Signal 


Typical AGC (Pin 15) and 
Meter Output (Pin 13) vs 
IF Input Signal 


AM Rejection (30% Mod) vs 
IF Input Signal 



10 100 Ik 10k 100k 

IF INPUT VOLTAGE (mV) 




IF INPUT VOLTAGE (mV) 


10 
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IF Amplifier 



IF Peak Detectors and Drivers 


LM3089 



Schematic 

Diagram 







AUDIO ATTENUATION (PIN 6) dB) SUPPLY CURRENT (mA) 


Typical Performance Characteristics (Continued) 


Supply Current On) vs 
Supply Voltage (VII) 



9 10 11 12 13 14 15 16 

SUPPLY VOLTAGE (V) 


Reference Voltage, AGC and 
Meter Output vs Supply Voltage 


-VOLTAGE REFERENCE (PIN 10)— 


AGC OUTPUT (PIN 15) AT V iN = 10 mV 


METER OUTPUT (PIN 13) 
[-AT V||\j = 500^V — 


9 10 11 12 13 14 15 

SUPPLY VOLTAGE (V) 


Mute Control Output (Pin 12) 
vs IF Input Signal 



1 2 3 5 10 20 30 50 100 

IF INPUT VOLTAGE - M V 


Typical Audio Attenuation 
(Pin 6) vs Mute Input Voltage 
(Pin 5) 



0 0.5 1 1.5 2 2.5 3 

MUTE INPUT VOLTAGE (PIN 5) (V) 


AC /DC Test Circuit 




•DOUBLE TUNED 
DETECTOR COIL 


LJ__ _L_ J L _j 




*For single tuned detector coil: 

Lq tunes with 100 pF at 10.7 MHz 
Q(jL (unloaded) as 75 
Qj_ (loaded) a 13 for V9 a 150 mVrms 
*For double tuned detector coil: 

q ulpri = Qulsec- 75 

kQ a 0.7 for V9 a 150 mVrms 


The recovered audio output voltage will be approximately 0.5 dB 
less when using the double tuned detector coil. 

For proper operation of the mute circuit, the RF voltage at pin 9 
should be 150 mVrms ±30 mV. 


K 
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National 

Semiconductor 


LM3189 FM IF System 

General Description 

The LM3189N is a monolithic integrated circuit that pro- 
vides all the functions of a comprehensive FM IF system. 
The block diagram of the LM3189N includes a three stage 
FM IF amplifier/limiter configuration with level detectors 
for each stage, a doubly balanced quadrature FM detector 
and an audio amplifier that features the optional use of a 
muting (squelch) circuit. 

The advanced circuit design of the IF system includes 
desirable deluxe features such as programmable delayed 
AGC for the RF tuner, an AFC drive circuit, and an output 
signal to drive a tuning meter and/or provide stereo switch- 
ing logic. In addition, internal power supply regulators 
maintain a nearly constant current drain over the voltage 
supply range of + 8.5V to +16V. 

The LM3189N is ideal for high fidelity operation. Distortion 
in an LM3189N FM IF system is primarily a function of the 
phase linearity characteristic of theoutboard detector coil. 

The LM3189N has all the features of the LM3039N plUs 
additions. 

The LM3189N utilizes the 16-lead dual-in-line plastic 
package and can operate over the ambient temperature 
range of - 40 °C to + 85 °C. 


Audio/Radio Circuits 


Features 

■ Exceptional limiting sensitivity: 12 /aV typ at -3dBpoint 

■ Low distortion: 0.1% typ (with double-tuned coil) 

■ Single-coil tuning capability 

■ Improved (S + N)/N ratio 

■ Externally programmable recovered audio level 

■ Provides specific signal for control of inter-channel 
muting (squelch) 

■ Providesspecificsignalfordirectdriveofatuning meter 

■ On channel step for search control 

■ Provides programmable AGC voltage for RF amplifier 

■ Provides a specific circuit for flexible audio output 

■ Internal supply voltage regulators 

■ Externally programmable ON channel step width, and 
deviation at which muting occurs 




All resistance values are in ohms 
* L tunes with 100 pF (C) at 10.7 MHz, Q 0 s75 
(Toko No. KACS K586HM or equivalent) 
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Absolute Maximum Ratings 

Supply Voltage Between Pinll and Pins4, 14 16V 

DCCurrentOutofPin12 5mA 

DCCurrentOutofPin13 5mA 

DCCurrentOutofPin15 2mA 

Power Dissipation(Note2) 1390 mW 

Operating Temperature Range -40°Cto + 85°C 

StorageTemperature Range -65°Cto + 150 °C 

Lead Temperature(Soldering, 10 seconds) 300 °C 

Electrical Characteristics t a = 25 °c, v+ = i2v 

Symbol 

Parameter 

Conditions 

(see single-tuned test circuit) 

Min 

Typ 

Max 

Units 

STATIC (DC) CHARACTERISTICS 

in 

Quiescent Circuit Current 

No Signal Input, Non Muted 

20 

31 

44 

mA 

VI 

V2 

V3 

V15 

V10 

DC Voltages: 

Terminal 1 (IF Input) 

Terminal 2 (AC Return to Input) 
Terminal 3 (DC Bias to Input) 
Terminal 15 (RF AGC) 

Terminal 10 (DC Reference) 

1.2 

1.2 

1.2 

7.5 

5 

2.0 

2.0 

2.0 

9.5 

5.75 

2.4 

2.4 

2.4 

11 

6 

V 

V 

V 

V 

V 

DYNAMIC CHARACTERISTICS 

V,(lim) 

Input Limiting Voltage (-3 dB Point) 


f 0 = 10.7 MHz, 
f mod = 400 HZ, 
Deviation ±75 kHz 


12 

25 

aV 

AMR 

AM Rejection (Term. 6) 

V, N = 0.1V 

AM Mod. = 30% 

45 

55 


dB 

V 0 (AF) 

Recovered AF Voltage (Term. 6) 

325 

500 

650 

mV 

THD 

Total Harmonic Distortion (Note 1) 
Single Tuned (Term. 6) 

Double Tuned (Term. 6) 

V| N = 0.1V 


0.5 

0.1 

1 

% 

% 

S + N/N 

Signal plus Noise to Noise Ratio 
(Term. 6) 

65 

80 


dB 

^DEV 

Deviation Mute Frequency 

fmod = 0 


±40 


kHz 

V16 

RF AGC Threshold 




1.25 


V 

V12 

On Channel Step 

V, N = 0.1V 

f DEV< ±40 kHz 
f DEV > ±40 kHz 


0 

5.6 


V 

Note 1: THD characteristics are essentially a function of the phase characteristics of the network connected between terminals 8, 9, and 10. 

Note 2: For operation in ambient temperatures above 25 °C, the device must be derated based on a 150°C maximum junction temperature and a thermal 
resistance of 90°C/W junction to ambient. 

Connection Diagram Dualln-Line Package 

TUNE MUTE REF QUAD 

AGC AGC GND METER LOGIC V CC BIAS INPUT 

1 16 1 1 5 1 1 4 1 1 3 1 12 |l1 |l0 |g 


3 



T F P P P P P v 

IF IN DECOUPLE IF IF GND MUTE AUDIO AFC IF 

BIAS INPUT OUT OUT OUT 

TOP VIEW 

Order Number LM3189N 

See NS Package N16E 
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Complete FM IF System for High Quality Tuners 

The circuit provides a complete FM IF system for a high 
quality receiver. Either one or two stages of amplification 
and bandpass filtering may be desired, depending on the 


receiver requirements. See graph for Typical Limiting and 
Noise Characteristics for each circuit configuration which 
can be compared to the LM3189N alone. 


Complete FM IF System for High Quality Receivers 
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Typical Performance Characteristics 


AM Rejection (30% Mod) vs 
IF Input Signal 



1 10 100 Ik 10k 100k 1000k 


IF INPUT VOLTAGE (mV) 


Mute Control Output 



1 2 3 5 10 20 30 50 100 

IF INPUT VOLTAGE (mV) 


Typical Audio Attenuation 
(Pin 6) vs Mute Input 



0 0.5 1 1.5 2 2.5 3 

MUTE INPUT VOLTAGE (PIN 5) (V) 


Muting Action, Tuner AGC, 
and Tuning Meter Output 
as a Function of Input 
Signal Voltage 



AFC Characteristics 
(Current at Term 7 as a 
Function of Change in 
Frequency) 



-100 -50 0 50 100 150 

Af - CHANGE IN FREQUENCY (kHz) 


Deviation Mute Threshold 
as a Function of Load 
Resistance (Between Term 
7 and Term 10) 



0 5 10 15 20 25 

LOAD RESISTANCE 

(BETWEEN TERM 7 AND TERM 10) (kfi) 


Typical Limiting and Noise 
Characteristics 



SIGNAL LEVEL (pV) 
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National 

Semiconductor 


LM3820 AM Radio System 

General Description 

The LM3820 is a 3-stage AM radio 1C consisting of an RF 
amplifier, oscillator, mixer, IF amplifier, AGC detector, and 
zener regulator. 

The device was originally designed for use in slug-tuned 
auto radio applications, but is also suitable for capacitor- 
tuned portable radios. 

The LM3820 is an improved replacement for the LM1820. 


Audio/ Radio Circuits 


Features 

■ Input protection diodes 

■ Good control on sensitivity 

■ Improved S/N and tweet 

■ Versatile building-block approach 

■ Gain-controlled RF stage 

■ Cascode IF amplifier 

■ Regulated supply 

H Pin nomnatible with LM1820 



Connection Diagram Dual-ln-Line Package 



Order Number LM3820N 
See NS Package N14A 


Circuit Schematic 



10 
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Absolute Maximum Ratings 

Power Dissipation (Note 1) 700 mW 

Supply Voltage 16V 

Current into Supply Terminal (Pin 3) 35 mA 


Operating Temperature Range - 25 °C to 85 °C 

Storage Temperature Range - 65 °C to 150 °C 

Lead Temperature (Soldering, 10 seconds) 300 °C 


Electrical Characteristics ( Figure i, t a =25°c, v s =6v unless noted) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Supply Current (l s ) 

No RF Input 

12 

18 

24 

mA 

Internal Zener Voltage (V z ) 


7.0 

7.5 

8.0 

' V 

Input Sensitivity 

f = 1 MHz, 30% Mod 400 Hz ' 
Measure RF Input Level for 

10 mV Audio Output with 

Tuning Peaked 

15 

35 

70 

vN 

Signal to Noise Ratio 

f = 1 MHz, 30% Mod 1 kHz 
(S + N)/N at Audio Output 
with 100 \N RF Input 

22 

28 


dB 

Overload Distortion 

f = 1 MHz,- 90% Mod 1 kHz 

THD at Audio Output 
with 30 mV RF Input 


6 

10 

% 


Note 1: Above T A = 25°C, derate based on Tj(m A x) = 150 ° c and 0 ja = 18O°C/W 

Typical Applications 

* ■ ■ ■ CIMIII ATCC 



: See Applications information FIGURE 1. Capacitor-Tuned Test Fixture 

for coil specifications 
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Applications information 

The circuit shown in Figure 1 is recommended as a start- 
ing point for portable radio designs. Loopstick antenna 
LI is used in place of LO, and the RF amplifier is used 
with a resistor load to drive the mixer. A double tuned cir- 
cuit at the output of the mixer provides selectivity, while 
the remainder of the gain is provided by the IF section, 
which is matched to the diode through a unity turns ratio 
transformer. R AGC may be used in place of C AGC to 
bypass the internal AGC detector and provide more 
recovered audio. 


An AM automobile radio design is shown in Figure 2. 
Tuning of both the input and the output of the RF 
amplifier and the mixer is accomplished with variable in- 
ductors. Better selectivity is obtained through the use of 
double tuned interstage transformers. Input circuits are 
inductively tuned to prevent microphonics and provide a 
linear tuning motion to facilitate push-button operation. 


Coil specifications for Figure 1 are as follows: 


vc 

AM PVC 

LI 

AM ANT 

L0, L2 

AM OSC 


525 kHz-1650 kHz 

980 kHz-2105 kHz 

C A = 140 pF 

Cq = 60 pF 

lie 0 

Ilf ,,0T 

1D0*8mm jj C o 

"G 

L = 650 nH 

Qu = 250 

Qu = 110 

T1 

AM 1st IF 

. 

T2 

AM 2nd IF 

T3 

AM 3rd IF 

455 kHz 

455 kHz 

455 kHz 

ISO pF EXT 

°~Tti i — 0 — II — °“Tn J — 0 
vit z±:S ii c! IS" c 

O— -HKIlC 2T 14ZT“ L ~<U> . 7T 

UrG----oIfG 

C = 180 pF C = 47 pF 

Qu= 140 Qu = 120 

a„r 

o -Wii? 35T 

dr'G 

' C = 180 pF 

Qu = 140 



AUDIO 

OUTPUT 


Vs 


COMPONENT SIDE 


PCB Layout for Figure 1 Circuit 


10 


10-233 


LM3820 



OUTPUT LEVEL (dB> 


Typical Applications (Continued) 



i — 


^p 0 003,F A| 


14 13 12 11 llO 


UV ,00 < 


:* T 


-40 - ! ■t HH IB 1 
,f 0 = 1MHz _ 
f m = 400 Hz 


10 100 Ik 10k 

INPUT LEVEL (/jV RM s> 


TRANSFORMERS 

T1: C = 130 pF primary & secondary 
primary to secondary tap ratio— 30:1 
Q = 60 

coupling— critical 

FIGURE Z Slug-Tuned Auto Radio 


T2: C = 130 pF primary & secondary 
primary tap ratio— 8.5:1 
secondary tap ratio— 8.5:1 
Q = 60 

coupling— critical 
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National 

Semiconductor 


Audio/Radio Circuits 


LM4500A High Fidelity FM Stereo Demodulator with Blend 


General Description Features 


The LM4500A is an improved stereo demodulator 1C of- 
fering very low audio distortion. A new demodulator tech- 
nique minimizes adjacent station interference caused by 
subcarrier harmonics and prevents lock-up problems 
from pilot carrier frequency harmonics. The 1C features a 
blend circuit which optimizes the signal-to-noise ratio 
under weak signal conditions by gradually combining left 
and right channel information. 


■ Low distortion— 0.1% typ 

■ High subcarrier harmonic rejection 

■ Large input dynamic range— 2.5 Vp-p 

■ Voltage controlled blend 

■ High separation— fixed or adjustable 

■ Adjustable gain 

■ Reduced stereo-mono DC shift— 5 mV typ 

■ 55 dB supply ripple rejection 

w I <>%.# /^n+rMif ImnoHanno 

— ww**,**** •• • 

■ Requires no external inductors 

■ Wide supply range 8V-16V 

■ Excellent rejection of 57 kHz ARI subcarrier 


Typical Application 


V CC 



OUTPUTS 


FIGURE 1 


Order Number LM4500AN 
See NS Package N16A 
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Absolute Maximum Ratings t a 

= + 25 °G unless otherwise noted 





PowerSupply Voltage 

16V 





Power Dissipation (Package Limitation) 

1800 mW 





Derate above T A = + 25 °C 

15mW/°C 





OperatingTemperatureRange(Ambient) 

-40°Cto + 85 °C 





StorageTemperature Range 

-65°Cto + 150 °C 





Lamp Drive Voltage 






Max Voltageat Pin 7 with Lamp “Off” 

30V 





Lamp Current 

100mA 





BlendControl Input Voltage(Pinll) 

10V 





Electrical Characteristics Unless otherwise noted: V cc =12 V DC , T A = 25°C, Vp-p standard multiplex composite 

signal with L or R channel only modulated at 1.0 kHz and with 10% pilot level, using circuit of Figure 1 



Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Stereo Channel Separation 

Unadjusted 

30 



dB 


Optimized on Other Channel (Note 1) 

40 



dB 

Measured Voltage Gain (Note 1) 


0.8 

1 

1.2 


THD 

2.5 Vp-p Composite Input Signal 


0.15 

0.3 

% 


1.5 Vp-p Composite Input Signal 


0.08 


% 

Signal-to-Noise Ratio 

DIN45405 Quasi Peak Reading 


83 


dB 


rms 20 Hz-15 kHz 


88 


dB 

Ultrasonic Frequency Rejection 

19 kHz 


3i 

' 

dB 


38 kHz 


45 


dB 

Stereo Switch Level 

19 kHz Input Level for Lamp “On” 

12 

16 

20 

mVrms 

Hysteresis 



8 


dB 

Output Voltage Change 

With Mono/Stereo Switching (Note 3) 


3 

20 

o 

Q 

> 

E 

Stereo Blend Control Voltage (Pin 11) 

3 dB Separation 


0.7 


V 

(See Figure 8) 

30 dB Separation 


1.7 


V 

Minimum Separation 

Pin 11 at 0V 



1 

dB 

Monaural Channel Imbalance 

Pilot Tone Off 


0.03 

0.3 

dB 

ARI 57 kHz Pilot Tone Influence on THD 

Note 2 



0.5 

% 

Sub-Carrier Harmonic Rejection 

76 kHz 


80 


dB 


114 kHz 


70 


dB 


152 kHz 


83 


dB 

Supply Ripple Rejection 

f=1 kHz 


57 


dB 

Input Impedance 



50 


kfi 

Output Impedance 



100 


fi 

Blend Control Current (Note 1) 



-100 

-300 

mA 

Capture Range 



±4 


% 

Operating Supply Voltage 


8 


16 

V 

Current Drain 

Lamp Disconnected 


35 


mA 

Note 1: See Applications Information and Circuit Description. 





Note 2: ARI Test— input signal: 1.5 Vp-p standard composite signal, 1 kHz modulation added to a CW 50 mVrms signal at 57.3 kHz. 


Note 3: This test is done with the stereo indicator lamp disconnected in order to remove DC shift due to thermal changes. These shifts have long time con- 

stants (100 ms) and therefore do not produce audible transients. 
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Typical Performance Characteristics 


Supply Current vs 
Supply Voltage 



8 9 10 11 12 13 14 15 16 


Power Supply Rejection vs 
Supply Voltage 



8 9 10 11 12 13 14 15 16 


SUPPLY VOLTAGE (V) 


SUPPLY VOLTAGE (V) 


VCO Free Running 
Frequency vs 
Supply Voltage 

_ 19.4k 
J 19.3k 
S 19.2k 
£ 19.1k 
| 19.0k 
§ 18.9k 

jjj 18.8k 

c c 

O 18.7k 
o 

> 18.6k 

8 9 10 11 12 13 14 15 16 

SUPPLY VOLTAGE (V) 





































1 


1 









1 









1 






1 







Channel Separation vs 
Supply Voltage 



SUPPLY VOLTAGE (V) 


Stereo Separation vs 
Temperature 



-40 -20 0 20 40 60 80 

TEMPERATURE (°C) 



-40 -20 0 20 40 60 80 

TEMPERATURE (°C) 


Total Harmonic Distortion 
vs Composite Input Level 



0 1 2 3 4 5 


COMPOSITE INPUT LEVEL (Vp-p) 


VCO Free Running 
Frequency Drift vs 
Temperature 
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TEMPERATURE (°C) 


Lamp Pin Saturation 
Voltage vs Current 



LAMP PIN CURRENT (mA) 


Input Impedance vs 
Temperature 



-40 -20 0 20 40 60 80 

TEMPERATURE (°C) 


Stereo Switch Threshold 
vs Temperature 



-40 -20 0 20 40 60 80 


Lamp Pin Saturation 
Voltage vs 
Temperature 



-40 -20 0 20 40 60 80 85 


TEMPERATURE (°C) 


TEMPERATURE (°C) 
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o Typical Performance Characteristics (Continued) 


Total Harmonic Distortion 
vs Frequency 





Separation vs 
Frequency 


USING STEREO 
ADJUSTING CIRCUIT 


Power Supply Rejection 
vs Frequency 


USING STEREO ADJUSTING CIRCUIT, 

1 1 I 1 1 

Vim = 1 5 V"-" 1 1 

rrr 

_ 


J V||\| = 2.5 Vp-p 





■■■■ 

mb , 

In 

In 

■■■■ 

n 

In 

In 

Ini 

n 

Ini 

■■■■ 

MUUWi 

Wi 

MM 

nn 

n 

■■ 

in 

n 

■■i 


VCO FREE RUNNING FREQUENCY (kHz) 

Block Diagram 


VCO FREE RUNNING FREQUENCY (kHz) 


FREQUENCY (kHz) 











Circuit Description 

Introduction 

The LM4500A is a phase-lock-loop stereo decoder which 
incorporates a variable separation control, and in which 
sensitivity to the third harmonics of both the pilot and sub- 
carrier frequencies has been eliminated by the use of ap- 
propriate, digitally generated, waveforms in the phase- 
lock-loop and decoder sections. 

The variable separation control may be operated manual- 
ly, or by a receiver’s AGC or S meter signals, to provide 
smooth transitions between monaural and stereo recep- 
tion. It operates only during stereo reception: the circuit 
switches automatically to monaural if the 19 kHz pilot 
tone is absent. 

The elimination of sensitivity to the third harmonic of the 
sub-carrier (114 kHz) excludes interference from the side- 
bands of adjacent transmitters, while the elimination of 
sensitivity to the third harmonic of the pilot tone (57 kHz) 
excludes interference from the ARI* system which 
employs this frequency. 

Circuit Operation 

The block diagram of the circuit, shown in Figure 2, con- 
sists of three sections, the phase-lock-loop, including the 
digital waveform generator, the stereo switch, and the 
decoder, in which the composite stereo signal is 
demodulated and matrixed to separate Land R channels. 

In the phase-lock-loop the internal RC oscillator, operating 
at 228 kHz, feeds a 3-stage Johnson counter, via a binary 
divider, to generate a series of 19 kHz square waves. By the 
use of suitably connected NAND and EXCLUSIVE OR 
gates, the waveforms shown in Figure 3, which are used to 
drive the various modulators in the circuit, are developed. 


*Auto Radio Information - used in Europe 


The use of such drive waveforms produces the modulating 
functions also shown in Figure 3. The usual square 
waveforms have been replaced in the PLLand decoder sec- 
tions by 3-level forms which contain no third harmonic (ac- 
tually no harmonics which are multiples of 2 or 3 are pres- 
ent). This eliminates the frequency translation of in- 
terference from these bands into the low frequency region. 
Such translation may produce audible components in the 
decoder section from the sidebands of adjacent channel 
FM signals, and may produce phase jitter, and consequent 
intermodulation distortion, in the PLL, from the modulated 
57 kHz tones of the ARI system. The LM4500A is inherently 
free from these effects. 

The stereo switch section is of conventional form (e.g. 
LM1310). 

The decoder section consists of a modulator (driven by 
the waveforms shown in Figure 3) whose outputs are the 
inverted and non-inverted channel difference signals. 
These signals pass to the output amplifiers via the 
variable blend circuit in which they are partially com- 
bined, and hence mutually attenuated, according to the 
control voltage applied. 

Matrixing occurs at the inputs of the output amplifiers, 
where the unmodified composite signal is added to the 
blended channel difference signals. The stereo separa- 
tion may be progressively reduced from maximum tozero; 
dependent on the blending. The control law has been 
made non-linear, as the major redistribution of sound 
energy occurs atvery low separation levels. Formonaural, 
or very weak stereo signals, the modulator in the decoder 
section is deactivated by the stereo switch circuit. The 
variable separation control is thus, also, automatically 
disabled. 


Modulator Drive Waveform Modulating Functions 


PLL (19 kHz) 

J 



STEREO SWITCH 
(19 kHz) 




DECODER 
(38 kHz) 


_n n n 

n n n_ 


J \/^ 


FIGURE 3. Digital Waveforms 
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Applications Information 

Gain and De-Emphasis 

The gain and de-emphasis characteristics of the circuit are 
defined by shunt feedback via the external RC networks 
(R3, C6, R4, C7 of Figure 1) around the output ampl if iers. The 
gain is unity when resistors of 5.1 kO are used. Highergains 
may be obtained by using networks of the form shown in 
Figure 4. 


PIN 3 PIN 4 

o o 


C6 


HH HH 


R3 


R 6^ 


PIN 5 PIN 

0 Q 


C7 


HM mam 


R4 


r 


FIGURE 4. Output Amplifier Feedback Networks 


The resistors R6, R7 are added to correct the output quies- 
cent voltage levels which are optimised for R3,R4 = 5.1 kO 
and which would, if uncorrected, become too low with 
higher value resistors. Suitable network values are as 
follows: 


Gain(dB) 

R3, R4 

C6,C 7 

R6, R7 

50 ps 

75 ps 

0 

5.1 kfi 

10 nF 

15 nF 


3 

6.8 kfi 

6.8 nF 

10 nF 

47k ±10% 

6 

10k 

4.7 nF 

6.8 nF 

27k ± 10% 


The maximum output level is 1 Vrms; consequently the max 
input is limited to 1.4 Vp-p if the gain is set to 6 dB. 


Separation Adjustment 

A separation adjustment may be added, qs shown in 
Figure 5, to compensate for the receiver’s IF 
characteristics. 

This network reduces the amplification of the channel 
sum signal in the decoder, to compensate the attenua- 
tion of the channel difference signal in the receiver’s IF 
section. The network shown will compensate for up to 2 
dB attenuation at 38 kHz. The decoder gain is, obviously, 
reduced by an amount equal to the compensation re- 
quired. When used as described, the adjustment also cor- 
rects the inherent separation of the decoder, which may 
be optimised on one channel. Optimization of both chan- 
nels is possible if separate potentiometers are used to 
feed each output amplifier. 


PIN 2 



FIGURE 5. Network Providing Adjustable Separation 


Variable Separation (Blend) Control 
and 19 kHz Output 

To retain the 16-pin packqge the blend control has been 
combined with the 19 kHz output on pin 11. The internal 
circuit providing this combination is shown in Figure 6. 

If pin 11 is left open-circuit the 19 kHz signal appears at a 
mean DC level of 4V. The blend circuit is inoperative at 
this level and the decoder provides full separation. The 19 
kHz signal can be used to tune the internal oscillator. 

To reduce the separation the voltage on pin 11 is reduced. 
At 3.2V T2 ceases conduction and the 19 kHz signal 
disappears. 

At 2.0V the blend circuit comes into operation and the 
separation decreases according to the curve shown in 
Figure 8. 



FIGURE 6. Blend Control Input Circuit 
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Applications information (Continued) 



FIGURE 7. Oscillator Network for Direct Frequency Measurement 
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Oscillator Tuning 

If the variable separation facility is not required pin 11 is 
left open-circuit and the 19 kHz signal which then ap- 
pears may be used to indicate the oscillator frequency. If 
the variable separation is used, and the drive circuit 
prevents access to the 19 kHz signal, then the oscillator 
frequency must be measured djrectly. A test point should 
be obtained by modifying the oscillator RC network as in 
Figure 7. 


The output is a pulse train of approximately 1.5V 
amplitude. Connecting frequency counters of up to 300 
pF input capacitance produces less than 0.3% change of 
the oscillator frequency, which should be set to 228 kHz. 


High Loop Gain Components 

For applications demanding operation under low pilot 
level (e.g. car radio) the following component changes to 
Figure 1 are recommended. 

Rt = 12k C3 = 150 pF 

R2 = 1.5k C4 = 330 nF 

R8 = 330 C5 = 150 nF 

PI = 10k 


External Mono-Stereo Switching 
and Oscillator Killing 

If required the LM4500A can be forced into mono mode 
simply by grounding pin 9 (see Figure 1). The 228 kHz 
oscillator will be automatically stopped. 

The conditions governing mono/stereo switching on pin 9 
are the following: 

Quiescent voltage: + 2.3 V DC 

Current required to ensure mono operation (with 100 
mVrms pilot level): 10 /xA (from pin 9 to ground) 
Hysteresis: 0.7 /xA 

Stereo/mono switching & oscillator killing: less than 
+ 500 mV 

Maximum stray capacitance between pin 9 and 
ground: 100 pF 


External Component Functions 

PI 19 kHz frequency adjustment 
P2 Channel separation adjustment and compensa- 
tion for IF roll-off. 

R3, R6Gain fixing resistors. The values shown in the 
schematic are for unity gain. 

C6, C7 De-emphasis capacitors. Value to give: RC = 50 /xs. 
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National Audio/ Radio Circuits 

Semiconductor 

LM13600/LM13600A/LM11600A Dual Operational 
Transconductance Amplifiers With Linearizing Diodes 
and Buffers 

General Description 

The LM 13600 series consists of two current 
controlled transconductance amplifiers each 
with differential inputs and a push pull output. 

The two amplifiers share common supplies but 
otherwise operate independently. Linearizing 
diodes are provided at the inputs to reduce 
distortion and allow higher input levels. The 
results is a 10 dB signal-to-noise improvement 
referenced to 0.5 percent THD. Controlled im- 
pedance buffers are provided which are espe- 
cially designed to complement the dynamic 
range of the amplifiers. 

Features 

• gm adjustable over 6 decades 


• Excellent gm linearity 

• Excellent matching between amplifiers 

• Linearizing diodes 

• Controlled impedance buffers 

• High output signal to noise ratio 

• Wide supply range ± 2V to ± 22V. 

Applications 

• Current controlled amplifiers 

• Current controlled impedances 

• Current controlled filters 

• Current controlled oscillators 

• Multiplexers 

• Timers 

• Sample and hold circuits 



Schematic and Connection Diagrams 


ONE OPERATIONAL TRANSCONOUCTANCE AMPLIFIER 



DUAL IN LINE PACKAGE TOP VIEW 

AMP 



INPUT 


Order Number LM13600J 
or LM11600AJ 
See NS Package J16A 

Order Number LM13600N 
or LM13600AN 
See NS Package N16A 


> 
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Absolute Maximum Ratings 


Supply Voltage (Note 1) 


LM13600 

36 Vqc or ± 18 V 

LM13600A, LM11600A 

44 VDC or ± 22 V 

Power Dissipation (Note 2) Ta = 25°C 

LM13600N, LM13600AN 

570 mW 

LM13600J, LM11600AJ 

600mW 

Differential Input Voltage 

± 5 V 

Diode Bias Current (Ip) 

2 mA 

Amplifier Bias Current 0ABC) 

2 mA 

Output Short Circuit Duration 

Indefinite 

Buffer Output Current (Note 3) 

20 mA 

Operating Temperature Range 

LM13600N, LM13600AN 

0° Cto + 70° C 

LM13600J, LM11600AJ 

-55° C to + 125° C 

DC Input Voltage 

+ Vg to-Vg 

Storage Temperature Range 

-65° Cto + 150° C 

Lead Temperature (Soldering, 10 seconds) 

300° C 


Electrical Characteristics (Note 4) 


Parameters 

i 1 

Conditions 

, 

Ltvridouu 1 

, LI VI IOOUUM LIVI 1 IOUUM | 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage (Vos) 



0.4 

4 


0.4 

1 

mV 


Over Specified Temperature Range 






2 

mV 


IABC 5 M A 


0.3 

4 


0.3 

1 

mV 

Vos Including Diodes 

Diode Bias Current (ID) = 500 ^A 


0.5 

5 


0.5 

2 

mV 

Input Offset Change 

5 /xA < iabc < 500 /t A 


0.1 

3 


0.1 

1 

mV 

Input Offset Current 



0.1 

0.6 


0.1 

0.6 

mA 

Input Bias Current 



0.4 

5 


0.4 

5 

/xA 


Over Specified Temperature Range 


1 

8 


1 

7 

mA 

Forward 









Transconductance(gm) 


6700 

9600 

13000 

7700 

9600 

12000 

/xmho 


Over specified Temp Range 

5400 



4000 



/imho 

gm Tracking 



0.3 



0.3 


dB 

Peak Output Current 

RL = 0, IABC = 5/xA 


5 


3 

5 

7 

mA 


RL = 0, IABC = 500 /xA 

350 

500 

650 

350 

500 

650 

mA 


RL= 0, Over Specified Temp Range 

300 



300 



/xA 

Peak Output Voltage 









Positive 

RL = oo, 5 /xA < lABC^ 500 /xA 

+ 12 

+ 14.2 


+ 12 

+ 14.2 


V 

Negative 

rl = 00 , 5 nA < Iabc — soo a<a 

-12 

- 14.4 


- 12 

-14.4 


V 

Supply Current 

lABC=500/xA,Both Channels 


2.6 



2.6 


mA 

Vos Sensitivity 









Positive 

A Vos /a v + 


20 

150 


20 

150 

/xV/V 

Negative 

A Vqs /A v ~ 


20 

150 


20 

150 

/xV/V 

CMRR 


80 

110 


80 

110 


dB 

Common Mode Range 


±12 

±13.5 


±12 

±13.5 


V 

Crosstalk 

Referred to Input (Note 5) 









20 Hz < f < 20 KHz 


100 



100 


dB 

Diff.lnput Current 

iabc = 0 , input = ±4 v 


0.02 

100 


0.02 

10 

nA 

Leakage Current 

IABC = 0 (Refer To Test Circuit) 


0.2 

100 


0.2 

5 

nA 

Input Resistance 


10 

26 


10 

26 


KH 

Open Loop Bandwith 



2 



2 


MHz 

Slew Rate 

Unity Gain Compensated 


50 



50 


V/jxSec 

Buff. Input Current 

(Note 5, Except IABC = 0 mA) 


0.2 

0.4 


0.2 

0.4 

/xA 

Peak Buffer Output Voltage 

(Note 5) 

10 i 



10 



V 


Note 1. For selections to a supply voltage above ± 22V, contact factory. 

Note 2. For operating at high temperatures, the device must be derated based on a 150° C maximum junction temperature and a thermal 
resistance of 175° C/W which applies for the device soldered in a printed circuit board, operating in still air. 

Note 3. Buffer output current should be limited so as to not exceed package dissipation. 

Note 4. These specitications|apply for Vg = ± 15 V, Ta = 25° C, amplifier bias current (Iabc) = 500/xA, pins 2 and 15 open unless 
otherwise specified. The inputs to the buffers are grounded and outputs are open. 

Note 5. These specifications apply for Vg = ± 1 5 V, Iabc = 500 mA. Rout = 5 K Q connected from the buffer output to - Vg and the 
input of the buffer is connected to the transconductance amplifier output. 
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Typical Performance Characteristics 


Input Offset Voltage 

K§W 


Input Offset Current 


Input Bias Current 


CO >- 

lu 

CO M 


mm 

KSEHaH 


lllli 

pill 

mill 

mi 
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■i 

: 

ii 
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INPUT DIFFERENTIAL VOLTAGE 
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Amplifier Bias Current 



1/iA 1/iA 10/iA 100/iA 1000 mA 

AMPLIFIER BIAS CURRENT (l ABC ) 


Vg = ±15 V 


.1/iA 1/iA 10/iA 100/iA 1000/iA 

AMPLIFIER BIAS CURRENT (l ABC ) 

Peak Output Voltage and 
Common Mode Range 


iiiiiiianimii! 
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.1 fiA 1/iA 10/iA 100/iA 1000/uA 

AMPLIFIER BIAS CURRENT (I AB q) 

Transconductance 


PINS 2, 15 


q OPEN r 

__UmW 1444- 

A/g = ♦ 15 V 


m E in 

1 1 IHliHIk • I : 

HOMS 


PIP 

ImmiSsiH 
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AMPLIFIER BIAS CURRENT (l ABC ) 

Leakage Current 


-50 C -25 C 0°C 25 C 50°C 75°C100°C 125°C 
AMBIENT TEMPERATURE (TA) 

Input Resistance 
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AMPLIFIER BIAS CURRENT (l ABC ) 

Input and Output Capacitance 
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Circuit Description 

The differential transistor pair Q4 and Q5 form a 
transconductance stage in that the ratio of their 
collector currents is, defined by the differential 
input voltage according to the transfer func- 
tion: 


V|N=J ? ln i7 o> 

where Vin is the differential input voltage, KT/q 
is approximately 26 mV at 25° C and I5 and I4 
are the collector currents of transistors Q5 and 
Q4 respectively. With the exception of Q3 and 
Ql3, all transistors and diodes are identical in 
size. Transistors Qi and Q2 with Diode Di form 
a current mirror which forces the sum of cur- 
rents I4 and I5 to equal lABCi 



the sum of I4 and I5 is IabC and the difference 
is l0UT> currents I4 and I5 can be written as 
follows: 


, 4 +l 5" , ABC (2) 

where IaBC is the amplifier biascurrent applied 
to the gain pin. 

For small differential input voltages the ratio of 
I4 and I5 approaches unity and the Taylor series 
of the In function can be approximated as: 


, _ 'ABC 'OUT , 'ABC 'OUT 

'4 - — 2 2 ’ ' 5 = ~ + ~ 2 ~ 

Since the diodes and the input transistors have 
identical geometries and are subject to similar 
voltages and temperatures, the following is 
true: 


KI k KT I5-I4 

q ln i 4 ~ q , 4 


U 


'ABC 

2 


(3) 



2 + 'S 
'D - 's 


2 


'Ape 'out 

2 + 2 
<T |n _ 

q n Ubc 'out 

~T~ 2 ~ 



'5- '4 


(4) 


• • 'out 'S 



for I5 < 


l _D_ 

2 


( 6 ) 


Collector currents I4 and I5 are not very useful 
by themselves and it is necessary to subtract 
one current from the other. The remaining tran- 
sistors and diodes form three current mirrors 
that produce an output current equal to I5 minus 
I4 thus: 



The term in brackets is then the transconduc- 
tance of the amplifier and is proportional to 
IABC- 


Linearizing Diodes 

For differential voltages greater than a few 
millivolts, Equation 3 becomes less valid and 
the transconductance becomes increasingly 
nonlinear. Figure 1 demonstrates how the inter- 
nal diodes can linearize the transfer function of 
the amplifier. For convenience assume the 
diodes are biased with current sources and the 
input signal is in the form of current Is* Since 


Notice that in deriving Equation 6 no 
approximations have been made and there are 
no temperature dependent terms. The limita- 
tions are that the signal current not exceed lp/2 
and that the diodes be biased with currents. In 
practice, replacing the current sources with 
resistors will generate insignificant errors. 

Controlled Impedance Buffers 

The upper limit of transconductance is defined 
by the maximum value of IaBC (2 mA). The 
lowest value of IabC for which the amplifier will 
function therefore determines the overall 
dynamic range. At very low values of IaBC? a 
buffer which has very low input bias current is 
desirable. A FET follower satisfies the low input 
current requirement, but is somewhat non- 
linear for large voltage swing. The controlled 
impedance buffer is a Darlington which 
modifies its input bias current to suit the need. 
For low values of lABC> the buffer’s input 
current is minimal. At higher levels of IABC, 
transistor Q3 biases up Q12 with a current pro- 
portional to IABC for fast slew rate. 


10-246 




Applications/Voltage 
Controlled Amplifiers 

Figure 2 shows how the linearizing diodes can 
be used in a voltage controlled amplifier. To 
understand the input biasing, it is best to 
consider the 13 KQ resistor as a current source 
and use a Thevenin equivalent circuit as shown 
in Figure 3. This circuit is similar to Figure 1 
and operates the same. The potentiometer in 
Figure 2 is adjusted to minimize the effects of 
the control signal at the output. 

For optimum signal-to-noise performance, 
lABC should be as large as possible as shown 
by the Output Voltage vs. Amplifier Bias Current 
graph. Larger amplitudes of input signal also 
improve the S/N ratio. The linearizing diodes 


help here by allowing larger input signals for 
the same output distortion as shown by the 
Distortion vs. Differential Input Voltage graph. 
S/N may be optimized by adjusting the 
magnitude of the input signal via Rin (Figure 
2)until the output distortion is below some 
desired level. The output voltage swing can 
then be set at any level by selecting Rl* 

Although the noise contribution of the lineariz- 
ing diodes is negligible relative to the contribu- 
tion of the amplifier’s internal transistors, Iq 
should be as large as possible. This minimizes 
the dynamic junction resistance of the diodes 
(r e ) and maximizes their linearizing action when 
balanced against R|n. A value of 1 mA is recom- 
mended for Iq unless the specific application 
demands otherwise. 



Figure. 2 Voltage Controlled Amplifier 



2|abc\ 
JD ) 
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Stereo Volume Control 

The circuit of Figure 4 uses the excellent 
matching of the two LM13600 amplifiers to pro- 
vide a Stereo Volume Control with a typical 
channel-to-channel gain tracking of 0.3 dB. Rp 
is provided to minimize the output offset 
voltage and may be replaced with two 510fi 
resistors in AC-coupled applications. For the 
component values given, amplifier gain is deriv- 
ed from Figure 2 as being: 



If Vc is derived from a second signal source 
then the circuit becomes an amplitude 
modulator or two-quadrant multiplier as shown 
in Figure 5, where: 


-2I S -2I S V, N2 2I S (V+1.4V) 

’o = ~r ('abc> = ST " 1 T 
'd d H c 'd H C 


The constant term in the above equation may 
be cancelled by feeding Is x IdRc / 2 ( v_+1 - 4V ) in- 
to lo-The circuit of Figure 6 adds Rm to provide 





Figure 6. Four-Quadrant Multiplier 
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this current, resulting in a four-quadrant 
multiplier where Rc is trimmed such that 
Vo = OV for V|N2 = OV. Rm also serves as the 
load resistor for lo- 

Noting that the gain of the LM13600 amplifier of 
Figure 3 may be controlled by varying the 
linearizing diode current Iq as well as by varying 
lABC, Figure 7 shows an AGC Amplifier using 
this approach. As Vo reaches a high enough 
amplitude (3 Vbe) to turn on the Darlington tran- 
sistors and the linearizing diodes, the increase in 
ID reduces the amplifier gain so as to hold Vo at 
that level. 


Voltage Controlled Resistors 

An Operational Transconductance Amplifier 
(OTA) may be used to implement a Voltage Con- 
trolled Resistor as shown in Figure 8. A signal 


voltage applied at Rx generates a Vin to the 
LM13600 which is then multiplied by the gm of 
the amplifier to produce an output current, thus: 


R + R a 

R X = 

A gmR A 


where gm = 19.2IABC at 25°C. Note that the 
attenuation of Vo by R and Ra is necessary to 
maintain Vin within the linear range of the 
LM13600 input. 

Figure 9 shows a similar VCR where the linear- 
izing diodes are added, essentially improving the 
noise performance of the resistor. A floating VCR 


30 K 



Figure 8. Voltage Controlled Resistor, Single-Ended 



Figure 9. Voltage Controlled Resistor With Linearizing Diodes 
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is shown in Figure 10, where each “end” of the 
“resistor” may be at any voltage within the out- 
put voltage range of the LM13600. 


Voltage Controlled Filters 

OTA’s are extremely useful for implementing 
voltage controlled filters, with the LM13600 


having the advantage that the required buffers 
are included on the I.C. The VC Lo-Pass Filter of 
Figure 11 performs as a unity-gain buffer ampli- 
fier at frequencies below cut-off, with the cut-off 
frequency being the point at which Xc/gm equals 
the closed-loop gain of (R/Ra)- At frequencies 
above cut-off the circuit provides a single RC roll- 
off (6 dB per octave) of the input signal amplitude 
with a -3 dB point defined by the given equation, 




(R+Ra)2ttC 


r 6 -15 V 


RA< 200ft 


150pf C 


Figure 11. Voltage Controlled Low-Pass Filter 





where gm is again 19.2 x lABC at room tempera- 
ture. Figure 12 shows a VC High-Pass Filter 
which operates in much the same manner, pro- 
viding a single RC roll-off below the defined cut- 
off frequency. 

Additional amplifiers may be used to implement 


"higher order filters as demonstrated by the two- 
pole Butterworth Lo-Pass Filter of Figure 13 and 
the state variable filter of Figure 14. Due to the 
excellent gm tracking of the two amplifiers and 
the varied bias of the buffer Darlingtons, these 
filters perform well over several decades of 
frequency. 


30 K 



Figure 12. Voltage Controlled Hi-Pass Filter 



Figure 13. Voltage Controlled 2-pole Butterworth Lo-Pass Filter 
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Voltage Controlled Oscillators 


The classic Triangular/Square Wave VCO of 
Figure 1 5 is one of a variety of Voltage Control Jed 
Oscillators which may be built utilizing the 
LM13600. With the component values shown, 
this oscillator provides signals from 200 kHz to 
below 2 Hz as lc is varied from 1 m A to 1 0n A. The 
output amplitudes are set by Ia x Ra- Note that 
the peak differential input voltage must be less 
than 5 volts to prevent zenering the inputs. 

A few modifications to this circuit produce the 
ramp/pulse VCO of Figure 16. When Vq 2 is high, 


Ip is added to Iq to increase amplifier AVs bias 
current and thus to increase the charging rate of 
capacitorC. When Vo 2 isi° w »iF 9 oestozqroand 
the capacitor discharge current is set by lc- 

The VC Lo-Pass Filter of Figure 1 1 maybe used to 
produce a high-quality sinusoidal VCO. The 
circuit of Figure 16 employs two LM13600 
packages, with threeoftheamplifiers configured 
as lo-pass filters and the fourth as a limiter/- 
inverter. The circuit oscillates at the frequency at 
which the loop phase-shift is 360° or 180° for the 
inverter and 60° per filter stage. This VCO 
operates from 5 Hz to 50 kHz with less than 1 % 
THD. 



ic if 



Figure 16. Ramp/Pufse VCO 
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Figure 18 . Single Amplifier VCO 


J 



Figure 18 shows how to build a VCO using one 
amplifier when the other amplifier is needed for 
another function. 


A rirllflonol Annlioatlonc 

-ti — 

Figure 19 presents an interesting one-shot which 
draws no power supply current until it is trig- 
gered. A positive-going trigger pulse of at least 
2V amplitude turns on the amplifier through Rb 
and pulls the non-inverting input high. The 
amplifier regenerates and latches its output high 
until capacitor C charges to the voltage level on 
the non-inverting input. The output then 
switches low, turning off the amplifier and 
discharging the capacitor. The capacitor 
discharge rate is speeded up by shorting the 
diode bias pin to the .inverting input so that an 
additional discharge current flows through D| 
when the amplifier output switches low. A 
special feature of this timer is that the other 
amplifier, when biased from Vo, can perform 
another function and draw zero stand-by power 
as well. 



configuration of amplifiers A1 and A2. The max- 
imum clock rate is limited to about 200 KHz by 
the LM13600 slew rate into 150 pF when the 
(V|ni-V|N2) differential is at its maximum 
allowable value of 5 volts. 


The operation of the multiplexer of Figure 20 is 
very straightforward. When A1 is turned on it 
holds Vo equal to V|N1 and when A2 is 
supplied with bias current then it controls Vo- 
Cc and R q serve to stabilize the unity-gain 


The Phase-Locked Loop of Figure 21 uses the 
four-quadrant multiplier of Figure 6 and the 
Vco of Figure 18 to produce a PLL with a ± 5% 
hold-in range and an input sensitivity of about 
300 mV. 


30 K 
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The Schmitt Trigger of Figure 22 uses the 
amplifier output current into R to set the 
hysteresis of the comparator; thus Vh = 2 x Rx 



Figure 22. Schmitt Trigger 


IB- Varying Ib will produce a Schmitt Trigger 
with variable hysteresis. 

Figure 23 shows a Tachometer or Frequency-to- 
Voltage converter. Whenever A1 is toggled by a 
positive-going input, an amount of charge equal 
to (Vh-Vl) Ct is sourced into Cf and Rt. This 
once per cycle charge is then balanced by the 
current of Vo/Rt- The maximum Fin is limited 
by the amount of time required to charge Ct 
from Vl to Vh with a current of Ib, where V[_ 
and Vh represent the maximum low and max- 
imum high output voltage swing of the 
LM13600. D1 is added to provide a discharge 
path for Ct when A1 switches low. 

The Peak Detector of Figure 24 uses A2 to turn 
on A1 whenever V|n becomes more positive 
than Vo- A1 then charges storage capacitor C to 
hold Vo equal to VinPK. One precaution to 
observe when using this circuit: the Darlington 
transistor used must be on the same side of the 
package as A2 since the A1 Darlington will be 
turned on and off with A1. Pulling the output of 
A2 low through D1 serves to turn off A1 so that 
Vq remains constant. 




Figure 24. Peak Detector and Hold Circuit 
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The Sample-Hold circuit of Figure 25 also 
requires that the Darlington buffer used be from 
the other (A2) half of the package and that the cor- 
responding amplifier be biased on continuously. 



riyuic Hsj, oanipic-i ivjiu v/nCuii 


The Ramp-and-Hold of Figure 26 sources Ib 
into capacitor C whenever the input to A1 is 
brought high, giving a ramp-rate of about IV/ms 
for the component values shown. 

The true RMS converter of Figure 27 is essen- 
tially an automatic gain control amplifier which 
adjusts its gain such that the AC power at the 
output of amplifier A1 is constant. The output 
power of amplifier A1 is monitored by squaring 
amplifier A2 and the average compared to a 
reference voltage with amplifier A3. The output 
of A3 provides bias current to the diodes of A1 
to attenuate the input signal. Because the out- 
put power of A1 is held constant, the RMS value 
is constant and the attentuation is directly pro- 
portional to the RMS value of the input voltage. 
The attenuation is also proportional to the diode 
bias current. Amplifier A4 adjusts the ratio of 
currents through the diodes to be equal and 
therefore the voltage at the output of A4 is pro- 
portional to the RMS value of the input voltage. 
The Ca!lbr?.t!O n potentinmatpr is spt such that 
Vq reads directly in RMS volts. 


RAMP 

UP 



Figure 27. True RMS Converter 
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The circuit of Figure 28 is a voltage reference of 
variable Temperature Coefficient. The 100 Ktt 
potentiometer adjusts the output voltage which 
has a positive TC above 1.2 volts, zero TC at 
about 1.2 volts and negative TC below 1.2 volts. 
This is accomplished by balancing the TC of 
the A2 transfer function against the com- 
plementary TC of D1. 

The log amplifier of Figure 29 responds to the 
ratio of current through buffer transistors Q3 
and Q4. Zero temperature dependence for VoUT 
is ensured in that the TC of the A2 transfer func- 
tion is equal and opposite to the TC of the log- 
ging transistors Q3 and Q4. 

The wide dynamic range of the LM13600 allows 
easy control of the output pulse width in the 
Pulse Width Modulator of Figure 30. 

For generating IabC over a range of 4 to 6 
decades of current, the system of Figure 31 pro- 
vides a logarithmic current out for a linear 
voltage in. 


The differential voltage between Q 1 and Q2 is 
attenuated by the R1,R2 network so that A1 may 
be assumed to be operating within its linear 
range. From equation (5), the input voltage to A1 

,S: -2KTI 3 2KTV C 

V|N1 q 1 2 qi2Rc 

The voltage on the base of Q 1 is then 
(R1+R2) V|Ni 


The ratio of the Q 1 to Q2 collector currents is 
defined by: 

KT I C2 ^ KT Iabc 

v B 1 = ln T ^ In — ; 

q ici q h 


Combining and solving for Iabc yields: 

2(Ri+R2) Vc 
I ABC = he R 1 f 2 R C 


Since the closed-loop configuration ensures 
that the input to A2 is held equal to Ov, the out- 
put current of A1 is equal to I 3 = - Vc/Rc- 


This logarithmic current can be used to bias the 
circuit of Figure 4 to provide temperature in- 
dependent stereo attenuation characteristic. 
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National 

Semiconductor 


Audio/ Radio Circuits 


LM13700/LM13700A/LM11700A Dual Operational 
Transconductance Amplifiers With Linearizing Diodes 
and Buffers 


General Description 

The LM 13700 series consists of two current 
controlled transconductance amplifiers each 
with differential inputs and a push pull output. 
The two amplifiers share common supplies but 
otherwise operate independently. Linearizing 
diodes are provided at the inputs to reduce 
distortion and allow higher input levels. The 
results is a 10 dB signal-to-noise improvement 
referenced to 0.5 percent THD. High impedance 
buffers are provided which are especially 
designed to complement the dynamic range of 
the amplifiers. 

Features 

• gm adjustable over 6 decades 


• Excellent gm linearity 

• Excellent matching between amplifiers 

• Linearizing diodes 

• High impedance buffers 

• High output signal to noise ratio 

• Wide supply range ± 2V to ± 22V. 

Applications 

• Current controlled amplifiers 

• Current controlled impedances 

• Current controlled filters 

• Current controlled oscillators 

• Multiplexers 

• Timers 

• Sample and hold circuits 


Schematic and Connection Diagrams 


ONE OPERATIONAL TRANSCONDUCTANCE AMPLIFIER 




>0UTPUT 

5,12 


r Q 9 



DUAL IN LINE PACKAGE TOP VIEW 

AMP 



Order Number LM13700J 
or LM11700AJ 
See NS Package J16A 

Order Number LM13700N 
or LM13700AN 
See NS Package N16A 
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Absolute Maximum Ratings 








Supply Voltage (Note 1) 









LM13700 






36V D c or ±18V 

LM13700A, LM11700A 






44 VpC or ± 22 V 

Power Dissipation (Note 2) Ta 

= 25°C 








LM13700N, LM13700AN 






570 mW 

LM13700J, LM11700AJ 







600mW 

Differential Input Voltage 


' 






± 5 V 

Diode Bias Current (Iq) 








2 mA 

Amplifier Bias Current OabC) 








2 mA 

Output Short Circuit Duration 







Indefinite 

Buffer Output Current (Note 3) 







20 mA 

Operating Temperature Range 








LM13700N, LM13700AN 






0° C to + 70° C 

LM13700J, LM11700AJ 






-55 

° C to + 125° C 

DC Input Voltage 







+ Vs to -Vs 

Storage Temperature Range 






-65 

° C to + 150° C 

Lead Temperature (Soldering, 10 Seconds) 







300° C 

Electrical Characteristics (Note 4) 

i 








Parameters 

Conditions 

LM13700 

LM13700A LM11700A 




Min 

Typ 

Max 

Min 

Typ 

Max 

Units 

Input Offset Voltage (Vos) 



0.4 

4 


0.4 

1 

mV 


Over Specified Temperature Range 






2 

mV 


lABC 5 /iA 


0.3 

4 


0.3 

1 

mV 

V 0S Including Diodes 

Diode Bias Current (ID) = 500 /iA 


0.5 

5 


0.5 

2 

mV 

Input Offset Change 

5 /iA < lABC < 500 ft A 


0.1 

3 


0,1 

1 

mV 

Input Offset Current 



0.1 

0.6 


0.1 

0.6 

pA 

Input Bias Current 



0.4 

5 


0.4 

5 

M A 


Over Specified Temperature Range 


1 

8 


1 

7 

f*A 

Forward 









T ransconductance(gm) 


6700 

9600 

13000 

7700 

9600 

12000 

/imho 


Over specified Temp Range 

5400 



4000 



/imho 

gm Tracking 



0.3 



0.3 


dB 

Peak Output Current 

RL = 0, lABC = 5/iA 


5 


3 

5 

7 

ftA 


RL = 0, lABC = 500 ,i A 

350 

500 

650 

350 

500 

650 

ftA 


RL= 0, Over Specified Temp Range 

300 



300 



fiA 

Peak Output Voltage 









Positive 

RL = o°, 5 /<A ^ lABC s 500 /tA 

+ 12 

+ 14.2 


+ 12 

+ 14,2 


V 

Negative 

RL = oo, 5 ft A < 1 ABC — 500 /‘A 

-12 

- 14.4 


-12 

- 14.4 


V 

Supply Current 

lABC=500/iA,Both Channels 


2.6 



2.6 


mA 

Vos Sensitivity 









Positive 

• Vos/ v + 


20 

150 


20 

150 

M V/V 

Negative 

* v os /. .v- 


20 

150 


20 

150 

/xV/V 

CMRR 


80 

110 


80 

110 


dB 

Common Mode Range 


±12 

±13.5 


±12 

±13.5 


V 

Crosstalk 

Referred to Input (Note 5) 









20 Hz < f < 20 KHz 


100 



100 


dB 

Diff. Input Current 

lABC = 0, Input = ±4 V 


0.02 

100 


0.02 

10 

nA 

Leakage Current 

lABC = 0 (Refer To Test Circuit) 


0.2 

100 


0.2 

5 

nA 

Input Resistance 


10 

26 


10 

26 


KO 

Open Loop Bandwith 



2 



2 


MHz 

Slew Rate 

Unity Gain Compensated 


50 



50 


VJ/tSec 

Buff. Input Current 

(Note 5) 


0.5 

2 


0.5 

2 

*A 

Peak Buffer Output Voltage 

(Note 5) 

10 



10 



V 

Note 1. For selections to a supply voltage above ± 22V, contact factory. 







Note 2. For operating at high temperatures, the device must be derated based on a 150° 

C maximum junction temperature and a thermal 

resistance of 175° C/W which applies for the device soldered in a printed circuit board, operating in still air. 



Note 3. Buffer output current should be limited so as to not exceed package dissipation. 





Note 4. These specificationsjapply for V$ = ± 15 V, Ta = 25° C, amplifier bias current Oabc) = 500/xA, pins 2 and 15 open unless 

otherwise specified. The inputs to the buffers are grounded and outputs are open. 






Note 5. These specifications apply for Vs = ± 15V, Iabc = 500 mA, Rqut= 5K ^ connected from the buffer output to- Vg and the 

input of the buffer is connected to the transconductance amplifier output. 
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Typical Performance Characteristics 

Input Offset Voltage Input Offset Current 


Input Offset Voltage 


Input Bias Current 


ffggll l lMI IIIIIWIIIIIIIliifcfflilll 


■mu 

Biii 

BILUlilllinillllll 


.1/iA 1/iA 10/iA 100/iA 1 000/a A 

AMPLIFIER BIAS CURRENT 0 ABC ) 

Peak Output Current 


iiggS SBHB 

mmm 


.1/iA 1/iA 10/iA 100/iA 1000/iA 

AMPLIFIER BIAS CURRENT (l ABC ) 

Peak Output Voltage and 
Common Mode Range 


IIIIIIIIHIIIIIIII!!!!|!j!|l 

■iiiiiBrainuiiiiiiui 


0.1/iA 1/iA 10/iA 100/iA 1000/iA 

AMPLIFIER BIAS CURRENT (l ABC ) 

Leakage Current 




§ i 13.5 
5 2 13 

O OJ 

£§ 0 
£= -13 

=> a-13.5 
o 2 
5 -14 
< ° 

£ “-14.5 


IMIUt 

■IIS! 

ill 


.1/iA' 1/uA 10/iA 100/iA 1000/iA 

AMPLIFIER BIAS CURRENT (l ABC ) 

Input Leakage 


.1/iA 1/iA 10/xA 100/iA 1000/iA -50°C -25°C 0°C 25°C 50°C 75 o C100°C125°C 

AMPLIFIER BIAS CURRENT (l ABC ) AMBIENT TEMPERATURE (TA) 


Transconductance 


Input Resistance 





■ 

J 

aaagaa 

H 


BB 

i 

aaa ■ 

BS 


SB 


0 1 2 3 4 5 6 7 

INPUT DIFFERENTIAL VOLTAGE 
Amplifier Bias Voltage vs 
Amplifier Bias Current 


—i 

gm 


mm. 


.1/iA 1/iA 10/iA 100/iA 1000/iA 

AMPLIFIER BIAS CURRENT (l ABC ) 

Input and Output Capacitance 


sSE affiBS min 

■S3 

ps; iniiSaSS™ 

■■iiiuigllll; 


0.1/iA 1/iA 10/iA 100/iA 1000/iA 

AMPLIFIER BIAS CURRENT (l ABC ) 

Output Resistance 


.1/iA 1/iA 10/iA 100/iA 1000/iA 

AMPLIFIER BIAS CURRENT (l ABC ) 


.1/iA 1/iA 10/iA 100/iA 1000/iA 

AMPLIFIER BIAS CURRENT (l ABC ) 


0.1/iA 1/iA 10/iA 100/iA 1000/iA 

AMPLIFIER BIAS CURRENT (l ABC ) 





Typical Performance Characteristics (Cont’d) 



1 10 100 1000 
DIFFERENTIAL INPUT VOLTAGE (mVpp) 


Voltage vs Amplifier Bias Current 



l A BC AMPLIFIER BIAS CURRENT OiA) 



10 100 IK 10K 100K 


FREQUENCY (Hz) 


9 + 15V O.OImF 
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LEAKAGE CURRENT TEST CIRCUIT 


DIFFERENTIAL INPUT CURRENT TEST CIRCUIT 
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Circuit Description 


The differential transistor pair Q4 and Q5 form a 
transconductance stage in that the ratio of their 
collector currents is defined by the differential 
input voltage according to the transfer func- 
tion: 


v/ KT , >5 

v IN=^ I" A 


( 1 ) 


where V||sj is the differential input voltage, KT/q 
is approximately 26 mV at 25 ° C and I5 and I4 
are the collector currents of transistors Q5 and 
Q4 respectively. With the exception of Q3 and 
Ql3, all transistors and diodes are identical in 
size. Transistors Qi and Q2 with Diode Di form 
a current mirror which forces the sum of cur- 
rents I4 and I5 to equal IabCJ 


U + k = I 


ABC 


( 2 ) 


where lABC is the amplifier biascurrent applied 
to the gain pin. 

For small differential input voltages the ratio of 
I4 and I5 approaches unity and the Taylor series 
of the In function can be approximated as: 


KT Ip 


KJ l 5 -l 4 


I « I ~!abc 
'4 '5 2 


V|N 


'•abc^ 

. 2KT . 


'5" *4 


( 3 ) 


( 4 ) 


Collector currents I4 and I5 are not very useful 
by themselves and it is necessary to subtract 
one current from the other. The remaining tran- 
sistors and diodes form three current mirrors 
that produce an output current equal to I5 minus 
Uthus: 


'IN 


[jABCfl 

L 2KT J 


~ 'OUT 


( 5 ) 


The term in brackets is then the transconduc- 
tance of the amplifier and is proportional to 
•ABC- 


Linearizing Diodes 

For differential voltages greater than a few 
millivolts, Equation 3 becomes less valid and 
the transconductance becomes increasingly 


nonlinear. Figure 1 demonstrates how the inter- 
nal diodes can linearize the transfer function of 
the amplifier. For convenience assume the 
diodes are biased with current sources and the 
input signal is in the form of current Is- Since 



'S /' lABC \ 
\ <0 ) 


Figure 1. Linearizing Diodes 


the sum of I4 and I5 is lABC and the difference 
Is loUT. currents I4 and I5 can be written as 
follows: 


U - 


ABC 


•out 


k = 


•abc 


OUT 


Since the diodes and the input transistors have 
identical geometries and are subject to similar 
voltages and temperatures, the following is 
true: 


KT ■ 

" 7 T ,n 1 

q Id 


• • Inut I? 


|d 

2 + *s 


'ABC 


KT, 1 
q 'ABC 


'out 
~ 2 


'out 

~ 2 ~ 




for lc 


< 


•d 

2 


( 6 ) 


Notice that in deriving Equation 6 no 
approximations have been made and there are 
no temperature dependent terms. The limita- 
tions are that the signal current not exceed \qI 2 
and that the diodes be biased with currents. In 
practice, replacing the current sources with 
resistors will generate insignificant errors. 
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Applications/Voltage 
Controlled Amplifiers 

Figure 2 shows how the linearizing diodes can 
be used in a voltage controlled amplifier. To 
understand the input biasing, it is best to 
consider the 13 Kfi resistor as a current source 
and use a Thevenin equivalent circuit as shown 
in Figure 3. This circuit is similar to Figure 1 
and operates the same. The potentiometer in 
Figure 2 is adjusted to minimize the effects of 
the control signal at the output. 

For optimum signal-to-noise performance, 
lABC should be as large as possible as shown 
by the Output Voltage vs. Amplifier BiasCurrent 
graph. Larger amplitudes of input signal also 
improve the S/N ratio. The linearizing diodes 


help here by allowing larger input signals for 
the same output distortion as shown by the 
Distortion vs. Differential Input Voltage graph. 
S/N may be optimized by adjusting the 
magnitude of the input signal via R|n (Figure 
2)until the output distortion is below some 
desired level. The output voltage swing can 
then be set at any level by selecting R|_. 

Although the noise contribution of the lineariz- 
ing diodes is negligible relative to the contribu- 
tion of the amplifier’s internal transistors, Ip 
should be as large as possible. This minimizes 
the dynamic junction resistance of the diodes 
(r e ) and maximizes their linearizing action when 
balanced against R|n. A value of 1 mA is recom- 
mended for Ip unless the specific application 
demands otherwise. 



Figure. 2 Voltage Controlled Amplifier 




Figure 3. Equivalent VCA Input Circuit 
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Stereo Volume Control 

The circuit of Figure 4 uses the excellent 
matching of the two LM13700 amplifiers to pro- 
vide a Stereo Volume Control with a typical 
channel-to-channel gain tracking of 0.3 dB. Rp 
is provided to minimize the output offset 
voltage and may be replaced with two 510Q 
resistors in AC-coupled applications. For the 
component values given, amplifier gain is deriv- 
ed from Figure 2 as being: 



If Vq is derived from a second signal source 
then the circuit becomes an amplitude 
modulator or two-quadrant multiplier as shown 
in Figure 5, where: 



('abc* = 



V IN2 

R C 


2I S (V+1.4V) 
*D R C 


The constant term in the above equation may 
be cancelled by feeding Is x IdRc/ 2(V-+1.4V) in- 
to lo-The circuit of Figure 6 adds Rm to provide 





Figure 6. Four-Quadrant Multiplier 
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this current, resulting in a four-quadrant 
multiplier where Rc is trimmed such that 
Vo = OV for V|N2 = OV. Rm also serves as the 
load resistor for Iq. 


voltage applied at Rx generates a V|n to the 
LM13700 which is then multiplied by the gm of 
the amplifier to produce an output current, thus: 


Noting that the gain of the LM13700 amplifier of 
Figure 3 may be controlled by varying the 
linearizing diode current Id as well as by varying 
•ABCi Figure 7 shows an AGC Amplifier using 
this approach. As Vo reaches a high enough 
amplitude (3 Vbe) to turn on the Darlington tran- 
sistors and the linearizing diodes, the increase in 
Iq reduces the amplifier gain so as to hold Vo at 
that level. 


Voltage Controlled Resistors 

An Operational Transconductance Amplifier 
(OTA) may be used to implement a Voltage Con- 
trolled Resistor as shown in Figure 8. A signal 


R + r a 

R X = i 

gm R A 


where gm = 19.2IABC at 25°C. Note that the 
attenuation of Vo by R and Ra is necessary to 
maintain V|n within the linear range of the 
LM13700 input. 

Figure 9 shows a similar VCR where the linear- 
izing diodes are added, essentially improving the 
noise performance of the resistor. A floating VCR 


30 K 



Figure 8. Voltage Controlled Resistor, Single-Ended 


15 K 30 K 



Figure 9. Voltage Controlled Resistor With Linearizing Diodes 
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is shown in Figure 10, where each “end” of the 
“resistor” may be at any voltage within the out- 
put voltage range of the LM13700. 


Voltage Controlled Filters 

OTA’s are extremely useful for implementing 
voltage controlled filters, with the LM13700 


having the advantage that the required buffers 
are included on the I.C. The VC Lo-Pass Filter of 
Figure 1 1 performs as a unity-gain buffer ampli- 
fier at frequencies below cut-off, with the cut-off 
frequency being the point at which Xc/gm equals 
the closed-loop gain of (R/Ra)- At frequencies 
above cut-off the circuit provides asingle RC roll- 
off (6 dB per octave) of the input signal amplitude 
with a -3 dB point defined by the given equation, 




Figure 11. Voltage Controlled Low-Pass Filter 




where gm is again 19.2 x IabC at room tempera- 
ture. Figure 12 shows a VC High-Pass Filter 
which operates in much the same manner, pro- 
viding a single RC roll-off below the defined cut- 
off frequency. 


Additional amplifiers may be used to implement 
higher order filters as demonstrated by the two- 
pole Butterworth Lo-Pass Filter of Figure 13 and 
the state variable filter of Figure 14. Due to the 
excellent gm tracking of the two amplifiers, 
these filters perform well over several decades 
of frequency. 


30 K 



Figure 12. Voltage Controlled Hi-Pass Filter 



Figure 13. Voltage Controlled 2-pole Butterworth Lo-Pass Filter 
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Voltage Controlled Oscillators 


The classic Triangular/Square Wave VCO of 
Figure 15 is one of a variety of Voltage Control led 
Oscillators which may be built utilizing the 
LM13700. With the corhponent values shown, 
this oscillator provides signals from 200 kHz to 
below 2 Hz as lc is varied from 1 mA to 10nA. The 
output amplitudes are set by Ia x Ra- Note that 
the peak differential input voltage must be less 
than 5 volts to prevent zenering the inputs. 

A few modifications to this circuit produce the 
ramp/pulse VCO of Figure 16. When V 02 is high, 

vc 


Ip is added to lc to increase amplifier A1 ’s bias 
current and thus to increase the charging rate of 
capacitor C. When V 02 is low, Ip goes to zero and 
the capacitor discharge current is set by lc- 

The VC Lo-Pass Filterof Figure 1 1 may be used to 
produce a high-quality sinusoidal VCO. The 
circuit of Figure 16 employs two LM13700 
packages, with three of the amplifiers configured 
as lo-pass filters and the fourth as a limiter/- 
inverter. The circuit oscillates at the frequency at 
which the loop phase-shift is 360° or 180° for the 
inverter and 60° per filter stage. This VCO 
operates from 5 Hz to 50 kHz with less than 1 % 
THD. 

0+15V 




w rr . tV»--« V>"2 

RliR2 

'c 

* JC for lC‘ -'IF 
ZVpkC 
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[— AA/V-O TRIGGER 


Figure 18. Single Amplifier VCO 

Figure 18 shows how to build a VCO using one 
amplifier when the other amplifier is needed for 
another function. 


Additional Applications 

Figure 19 presents an interesting one-shot which 
draws no power supply current until it is trig- 
gered. A positive-going trigger pulse of at least 
2V amplitude turns on the amplifier through Rb 
and pulls the non-inverting input high. The 
amplifier regenerates and latches its output high 
until capacitor C charges to the voltage level on 
the non-inverting input. The output then 
switches low, turning off the amplifier and 
discharging the capacitor. The capacitor 
discharge rate is speeded up by shorting the 
diode bias pin to the inverting input so that an 
additional discharge current flows through D| 
when the amplifier output switches low. A 
special feature of this timer is that the other 
amplifier, when biased from Vo, can perform 
another function and draw zero stand-by power 
as well. 

The operation of the multiplexer of Figure 20 is 
very straightforward. When A1 is turned on it 
holds Vo equal to V|ni and when A2 is 
supplied with bias current then it controls Vo- 
Cc and Rc serve to stabilize the unity-gain 


Figure 19. Zero Stand by Power Timer 




Figure 20. Multiplexer 


configuration of amplifiers A1 and A2. The max- 
imum clock rate is limited to about 200 KHz by 
the LM13700 slew rate into 150 pF when the 
(V|N1*V|M2) differential is at its maximum 
allowable value of 5 volts. 

The Phase-Locked Loop of Figure 21 uses the 
four-quadrant multiplier of Figure 6 and the 
Vco °f Figure 18 to produce a PLL with a ± 5% 
hold-in range and an input sensitivity of about 
300 mV. 


fC=1 KHz 

% 

HOLD IN 
INGE 


Figure 21. Phase Lock Loop 
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The Schmitt Trigger of Figure 22 uses the 
amplifier output current into R to set the 
hysteresis of the comparator; thus Vh = 2 x Rx 



Figure 22. Schmitt Trigger 


lB- Varying lg will produce a Schmitt Trigger 
with variable hysteresis. 

Figure 23 shows a Tachometer or Frequency-to- 
Voltage converter. Whenever A1 is toggled by a 
positive-going input, an amount of charge equal 
to (Vh-Vl) Ct is sourced into Cf and Rt- This 
once per cycle charge is then balanced by the 
current of Vo/Rt- The maximum Fin is limited 
by the amount of time required to charge Ct 
from V|_ to Vh with a current of Ib, where Vi_ 
and Vh represent the maximum low and max- 
imum high output voltage swing of the 
LM13700. D1 is added to provide a discharge 
path for Ct when A1 switches low. 

The Peak Detector of Figure 24 uses A2 to turn 
on A1 whenever V|n becomes more positive 
than Vo. A1 then charges storage capacitor G to 
hold Voequal to V|N PK. Pulling the output of A2 
low through D1 serves to turn off A1 so that Vo 
remains constant. 


INPUT O — 1 + 
0-1 KHz -L- 


Al 

’/2LM13700 




o— r* 

D 




— t 

r a 2 

\/?r\ 

A 

1 Vi LM 13700 

/uyi 

^ Cf 

o_J 

L 



Figure 23. Tachometer 


+ 15 V | PEAK DETECT 

-15V 1 I I 


Al 

VjLM 13700 


1 n Tin 




Figure 24. Peak Detector and Hold Circuit 



The Ramp-and-Hold of Figure 26 sources Ib 
into capacitor C whenever the input to A1 is 
brought high, giving a ramp-rate of about IV/ms 
for the component values shown. 

The true RMS converter of Figure 27 is essen- 
tially an automatic gain control amplifier which 
adjusts its gain such that the AC power at the 
output of amplifier A1 is constant. The output 
power of amplifier A1 is monitored by squaring 
amplifier A2 and the average compared to a 
reference voltage with amplifier A3. The output 


of A3 provides bias current to the diodes of A1 
to attenuate the input signal. Because the out- 
put power of A1 is held constant, the RMS value 
is constant and the attentuation is directly pro- 
portional to the RMS value of the input voltage. 
The attenuation is also proportional to the diode 
bias current. Amplifier A4 adjusts the ratio of 
currents through the diodes to be equal and 
therefore the voltage at the output of A4 is pro- 
portional to the RMS value of the input voltage. 
The calibration potentiometer is set such that 
Vq reads directly in RMS volts. 



Figure 25. Sample-Hold Circuit 


UP 




Figure 27. True RMS Converter 
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The circuit of Figure 28 is a voltage reference of 
variable Temperature Coefficient. The 100 KQ 
potentiometer adjusts the output voltage which 
has a positive TC above 1.2 volts, zero TC at 
about 1.2 volts and negative TC below 1.2 volts. 
This is accomplished by balancing the TC of 
the A2 transfer function against the com- 
plementary TC of D1. 

The wide dynamic range of the LM13700 allows 
easy control of the output pulse width in the 
Pulse Width Modulator of Figure 29. 

For generating Iabc over a range of 4 to 6 
decades of current, the system of Figure 30 pro- 
vides a logarithmic current out for a linear 
voltage in. 

Since the closed-loop configuration ensures 
that the input to A2 is held equal to Ov. the out- 
put current of A1 is equal to I3 = -Vc/Rc* 

The differential voltage between Q1 and Q2 is 
attenuated by the R1,R2 network so that A1 may 


be assumed to be operating within its linear 
range. From equation (5), the input voltage to A1 

,S ‘ -2KTI3 2KTV C 

V,N1 ql2 ' ql2 R C 
The voltage on the base of Q1 is then 

(R1+R2) v lNi 


Vbi 


r i 


The ratio of the Q1 to Q2 collector currents is 
defined by: 

kt i C 2 _ kt iabc 

Vbi In = In — - 7 

q »ci q h 


Combining and solving for Iabc yields: 

2(Ri+R 2 ) Vc 
•abc = he R i *2 R c 


This logarithmic current can be used to bias the 
circuit of Figure 4 to provide temperature in- 
dependent stereo attenuation characteristic. 
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LM1 3700/ LM1 3700 A/ L Mil 700 A 




TBA120S 


PI National 
dot Semicon 


Audio/Radio Circuits 


dot Semiconductor 

TBA120S IF Amplifier and Detector 


General Description 


The TBA120S is a monolithic integrated circuit specific- 
ally designed for audio detection in TV and FM radio 
receivers. It incorporates an 8-stage limiting IF amplifier 
and balanced detector plus a dc operated volume control. 

Features 

■ Electronic attenuator: replaces conventional ac volume 
control 

■ Volume reduction range 85 dB typ 

■ Sensitivity: 3 dB limiting voltage 30) uV typ 

■ Excellent AM rejection 68 dB typ at 10 mV 

■ Audio output voltage . IV typ 

■ Wide supply voltage range (6-1 8V) 

■ Internal zener diode regulator 

■ Very low external component requirement 

■ Simple detector alignment: one coil 


Connection Diagram 

Dual-ln-Line Package 



The TBA120S is supplied in four groups depending on 
the resistance required between pin 5 and ground to 
attenuate the audio output by 30 dB. The group number 
as defined below is marked on the package. 


GROUP 

II 

III 

IV 

V 


R5-Gnd 

1. 9-2.2 

2. 1-2. 5 

2.4-2.9 

2. 8-3. 3 

k£2 


Pins 3 and 4 are connected to the collector and base of a 
transistor which may be used as an AF-preamplifier or 
as a switch. 

At pin 12 a zener-diode is accessible which can be used 
to stabilize the supply voltage of this integrated circuit 
or the voltage of other circuit elements in the set. 


Order Number TBA120S II, TBA120S III, 
TBA120S IV or TBA120S V 
See NS Package N14A 

Order Number TBA120SQ II, TBA120SQ III, 
TBA120SQ IV, TBA120SQ V 
See NS Package N14C 


Typical Application (5.5 mhz) 


Test Circuit (5.5 mh Z ) 
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Absolute Maximum Ratings 




Supply Voltage, V1 1 

18V 

Transistor Base Current, I 4 

2 mA 

Volume Control Voltage, V5 

4V 

Bias Resistance (Max), R13-14 

1 k £2 

Zener Current, I-J 2 

20 mA 

Operating Temperature Range 

-15°C to +70°C 

Transistor Collector Current, I 3 

5 mA 

Storage Temperature Range 

-65°C to +150°C 


Electrical Characteristics (v C c = 12 V, ta = 25°o 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

•cc 

Supply Current 

R5 = ~ 


14 

18 

mA 



0 

11 

IT) 

cc 

11 


20 

mA 

G V 

IF Voltage Gain 

f = 5.5 MHz 


68 


dB 

v 0 

IF Output Voltage, Each 

Output, at Limiting 


170 

250 


mVp-p 

Vaf 

AF Output Voltage 

f = 5.5 MHz, Af = ±50 kHz, 
fMOD = 1 kHz, V| = 10 mV, 

Q = 45 

0.7 

1.0 


V 


Distortion (5.5 MHz) 

f = 5.5 MHz, Af = 25 kHz, 
ffViOD = 1 kHz, V, = 10 mV, 

Q = 45 


1.5 


% 


Distortion (10.7 MHz) 

f = 10.7 MHz, Af = ±50 kHz, 
fMOD = 1 kHz, V, = 10 mV, 

Q = 20 


0.2 


% 

V|_IM 

Input Voltage Before Limiting 

f = 5.5 MHz, Af = ±50 kHz, 

f MOD = 1 kHz, Q = 45 


30 

60 

mv 

Z| 

Input Impedance 

f = 5.5 MHz 

15/6 

40/4.5 


k£2/pF 

Ro 

Output Resistance 


1.9 

2.6 

3.3 

kn 

Vaf max 

Volume Control Range 


70 

85 


dB 

Vaf min 







V 8 

DC Component of the 

Output Signal 

V| =0 

6.2 

7.3 

8.4 

V 

a AM 

AM Rejection 

f = 5.5 MHz, Af = ±50 kHz, 
fMOD = 1 kHz, V| = 500/iV, 
m = 30% 

50 

60 


dB 

a AM 

AM Rejection 

f = 5.5 MHz, Af = ±50 kHz, 
f MOD = 1 kHz, V| = 10 mV, 
m = 30% 


68 


dB 

R5 

Potentiometer Resistance 

1 dB Attenuation 


3.7 

4.7 

k£2 

V5 

Voltage 

1 dB Attenuation 


2.2 

2.5 

V 

R5 

Potentiometer Resistance 

70 dB Attenuation 

1.0 

1.4 


kft 

V5 

Voltage 

70 dB Attenuation 


1.2 


V 


Noise Voltage at Output 

V| = 10 mV 


30 


mV 

V12 

Zener Voltage 

1 12 = 5 mA 

11.2 

12 

13.4 / 

V 

Rz 

Zener Slope Resistance 



30 

50 

n 

Vcbo 

Breakdown Voltage 


45 

65 


V 

Vceo 

Breakdown Voltage 

I 3 = 500/uA 

18 

24 


V 

hfe 

Current Gain 

I 3 = 1 mA 

50 


500 



10 
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TBA120S 







TBA120S 


Schematic Diagram 



A 
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zn National 
Jut Semiconductor 
TBA120U, TBA120T IF Amplifier and Detector 

General Description 


Audio/ Radio Circuits 


The TBA120U, TBA120T is a monolithic integrated 
circuit specifically designed for audio detection in TV 
and FM radio receivers. It incorporates an 8 stage limiting 
IF amplifier and balanced detector plus a DC operated 
volume control. The circuit also provides connection 
facilities for a video tape recorder. The TBA120T is 
designed primarily for use with ceramic filters while the 
TBA120U is optimized for inductive tuning. 


Features 

■ Electronic attenuator: replaces conventional AC 
volume control 

■ Volume reduction range: 85 dB typ 

■ Sensitivity: 3 dB limiting voltage 30juV typ 

■ Excellent AM rejection 68 dB typ 500 £iV 

■ Wide supply voltage range (6 to 18V) 

■ Easy video recorder connection 

■ Very low external component requirement 

■ Simple detector alignment: one coil 


oo 


A120U, TBA120T 














TBA120U, TBA120T 


Absolute Maximum Ratings 







Supply Voltage, VII 

18V 

Current Pin 4, I 4 



5 mA 

Operating Temperature Range, T u -15°C to +70°C 

Operating Frequency Range, f 

0 to 12 MHz 

Storage Temperature Range, T s -40°C to +1 25°C 

Power Dissipation, Pfot 


400 mW 

Voltage Pin 5, V5 

6 V 

Resistor Parallel to Pins 13 and 14 


1 k !2 

Electrical Characteristics (v C c = i 2 v,t a = 25°c) 






PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

•cc 

Supply Current 



9.5 

13.5 

17.5 

mA 

GV 

IF Voltage Gain 

f = 5.5 MHz 



68 


dB 

v 0 

IF Output Voltage (Each Output 
Limiting) 




250 


mVp-p 

R 8 

Output Impedance 




1.1 


k !2 

R12 





1.1 


k !2 

R3 

Input Impedance 




2 


k !2 

R4 

Regulator Impedance 




12 


12 

V 8 

DC Output Level 

Vj = 0 



4 


V 

V12 


< 

ii 

o 



5.6 


V 

V4 

Regulator Voltage 



4.2 

4.8 

5.3 

V 

Vaf max 

Volume Control 



. 70 

85 


dB 

Vaf min 




Vaf 8 

Vaf3 

Video Recorder Output Ratio 




7.5 



Vlim 

Sensitivity 

Vaf — 3 dB, f = 5.5 MHz 


30 

60 

MV 

V 8 

vi7 

Supply Rejection 




35 


dB 

V12 

VII 





30 


dB 

R4-R5 

Impedance 



1 


10 

k !2 

Vaf max 

Output Ratio 

R4--R5 = 5 k!2 


20 

28 

36 

dB 

Vaf 8 

R5-R1 = 13 k!2 






TBA120T Only 

Zi 

Input Impedance 

f = 5.5 MHz 





12/pF 

aAM 

AM Rejection 

f = 5.5 MHz 

m = 30% 

Af = ±50 kHz 

Vj = 500 juV 
fMOD = 1 k Hz 


50 

60 


dB 

Vaf 8 

A.F. Output Voltage 

f= 5.5 MHz 





mV 



fMOD = 1 kHz 






Vaf12 


Af = ±50 kHz 



650 


mV 

TBA120U Only 

Zi 

Input Impedance 

f = 5.5 MHz 


15/6 

40/4.5 


k! 2 /pF 

9AM 

AM Rejection 

f= 5.5 MHz 

Vj = 500 mV 
fMOD = 1 kHz 

Af = ±50 kHz 
m = 30%' 


50 

60 


dB 
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Electrical Characteristics (continued) (v C c= i2v,t a = 25 °c) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

TBA120U Only (Continued) 

Vaf8 

A.F. Output Voltage 

f = 5.5MHz 

f MOD = 1 kHz 

Af = ±50 kHz 

Vj = 10 mV 

Qb = 45 


1.3 


V 

Vaf12 

A.F. Output Voltage 



1.0 


V 

k 

Distortion 

f= 5.5 MHz 

Af = ±50 kHz 

fMOD = 1 kHz 

Q B = 45 

Vj = 10 mV 


1 


% 


Typical Application ( 5.5 mhz) 




330 pF 


r ' TBA12DT 


Circuit for Direct Connection to Video Recorders 


TO TBA120T, 
TBA120U 


VIDEO- 

RECORDER 12V/FREE 



Socket 1: Switching voltage: on playback 
12V on record open circuit. 
Socket 2: Video recorder input/output. 




TBA12DU, TBA120T 






National 

Jut Semiconductor 


Audio/Radio Circuits 

PRELIMINARY 


TDA2003 Audio Power Amplifier 


General Description 


The TDA2003 is an audio power amplifier designed prima- 
rily for automotive applications. Its hiqh current capability 
and low saturation resistance of the output drivers ena- 
bles the device to deliver large power outputs into low im- 
pedance loads where supply voltage is a limiting factor. 


Features 

■ Short circuit protection 

H f^nnnlv nvpr-voltanp nrotpntinn 
H Thermal shutdown protection 

■ Low distortion 


Externally programmable gain 



TDA2003 





TDA2003 


Absolute Maximum Ratings 


PeakSupply Voltage 50 ms (Load Dump, seeTest Circuit) 50V 

DC Supply Voltage (Continuous) 30V 

Operating Supply Voltage 20V 

Output Peak Current (Repetitive) 3.5A 

Output Peak Current (Non-Repetitive) 4.5A 

Electrical Characteristics T a = 25°C, V s = 14.4V (unless stated otherwise) 


Supply Voltage 
Quiescent Current (Pin 5) 

Quiescent Voltage (Pin 4) 

Output Power 

R l = 4« THD = 10%, f = 1 kHz 

A v = 40 dB 

R L = 2fl THD = 10%, f = 1 kHz 

A v = 40 dB 


Distortion (THD) 
R L = 4Q 


Open Loop Voltage Gain 
Closed Loop Voltage Gain 
Input Noise Voltage 
Input Resistance 


Application Circuit 


P o = 0.05W-4.5W 
A v = 40 dB, f = 1 kHz 
P o =0.05W-7.5W 
A v = 40 dB, f = 1 kHz 


FIGURE 2. 20W Bridge Amplifier 


BRIDGE AMPLIFIER DESIGN FORMULAE 


Voltage and current swings for a bridge 
amplifier are twice that of a single-ended 
amplifier; i.e., with the same Rl, the 
bridge configuration can deliver an out- 
put power that is four times the output 
power of a single-ended amplifier. Care 
must be taken when selecting V s and R[_ 
in order to avoid an output peak current 
above the maximum rating, 

V s -2V CE sat 
i.e., R|_ min = — 


Max output voltage swing 
(1/2 wave before clipping) 

Max output current swing 
(1/2 wave before clipping) 

Max output power 
(before clipping) 


Single-Ended 

1/2 (V s — 2 V CE sat) 

(V s -2 V CE sat) 


(V s -2 V CE satr 


V s - 2 V CE sat 

V s ~2 V CE sat 
Rl 

(V s -2V CE sat) 2 














Test Circuits 


0.2 mH 



CHANGE OVER SWITCH 


r 


+ 

POWER 

SUPPLY 

0Vdc-120Vdc 

CURRENT LIMIT 1 Q j 15 W 

1 1 6000 1 

X- 1 

j 6.8 

J15W 






POWER 

SUPPLY 

0Vdc-20Vd 


FIGURE 4. Load Dump 
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TV Circuits 
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LM1017 4-Bit Binary 7-Segment Decoder/Driver 11-3 

LM1019N Digital Tuning Station Detector 11-7 

LM1821S Video IF PLL Synchronous Detector 11-10 

LM1828, LM1848 Color Television Chroma Demodulator 11-13 

LM1880 No-Holds Vertical/Horizontal 11-16 

LM1886 TV Video Matrix D to A 11-23 

LM1889 TV Video Modulator 11-28 

LM2808 Monolithic TV Sound System : 11-37 

LM3064 Television Automatic Fine Tuning 11-41 

TBA440C Monolithic Video IF Amplifier 11-43 

TBA510 Chrominance Combination 11-45 

TBA530 RGB Matrix Preamplifier 11-49 

TBA540 Reference Combination 11-52 

TBA560C Luminance and Chrominance Control Combination 11-56 
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TBA970 Television Video Amplifier / 11-67 
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TDA440 Video IF Amplifier 11-72 

TDA2522/TDA2523 Color Demodulation Combination 11-76 

TDA2530 R-G-B Matrix Preamplifiers with Clamps 11-78 
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TDA3500 Chroma Processor + RGB Drive Combination 11-96 

TDA3501 Chroma Processor + RGB Drive Combination 11-102 
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National TV Circuits 

Semiconductor 


LM1017 4-Bit Binary 7-Segment Decoder/Driver 


General Description 

The LM1017 is a monolithic 1C which decodes 4-bit 
"binary plus one" coded input signals and supplies 
1 1/2-digit TV channel display information. The outputs 
are designed to drive a 7-segment common cathode LED 
display with up to 25 mA depending on thermal dissi- 
pation requirements. Improvements in circuit design 
enable the device to operate from 5V to 12V supply. 
A brightness control facility is included. 


Connection Diagram 


/ /”/ 

/ /_/ 


Order Number LM1017N 
See NS Package N16A 



V SUPPLY = 5V 

For 12V supply, external resistors must be used between the output pin 
and segment to limit device dissipation. 


Features 

■ A direct replacement for SN29764 but with 12V 
supply capability 

■ TTL compatible inputs with high input voltage 
immunity 

a Channel displays are from 1 to 16 

■ Current-driven output stages for LEDs protect against 
excess thermal dissipation 

■ Continuously variable brightness control 

■ Low stand-by quiescent current supply consumption 

■ Suitable for NSN583 0.5 inch LED display 

o Inputs are suitable for direct drive from MOS outputs 
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LM1017 


Absolute Maximum Ratings 

Supply Voltage, Pin 16 
Input Voltage, Pins 2—5 
Input Voltage, Pin 1 
Operating Temperature Range 


13.5V 
30V 
13.5V 
0°C to +70° C 


Storage Temperature Range -55° C to +150°C 

Junction Temperature 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics vi6 = sv, t A * 25°c 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Current per Segment Quiescent Current, Pin 16 

Pin 1 = 2 V 


12 

20 

mA 


Pin 1 = 5V 


4 


mA 

Input Logic Vintage 

Pins 2 1-5 





H Signal 


2 



V 

L Signal 




0.8 

V 

Input Current, Pins 2-5 

V2-5 « 2.4V 



1 

AtA 


V2— 6 = 0V 



-5 

ma 

Input Current, Pin 1 

•7-15® -15 mA 


-350 


ma 

Output Current, Pins 7-15 

VI «0V 

-16 

-22 


mA 


> 

N 

II 

> 


-12 


mA 


VI = V16 



-20 

juA 

Minimum Saturation Between Output Terminals 
7-15 and 16 

•OUT = -20 mA 


1.4 


V 

Package Thermal Resistance, 0 ja 




100 

°C/W 


Note. To limit device temperature at supply voltages > 5V, the following condition must be maintained: 8 IVgUPPLY ~ v OUTl *OUT < 

125 

Eg. For 12V supply and 20 mA IquT into 2V LED, T A = 25°C: 8 (12 - V 0 > 0.02 < 


15 0 -T A 
0 JA 


i.e., Vq > 4.2V series output resistance = 


2.2V 
20 mA 


non. 


See application notes for use of common series resistance between LED cathodes and ground. 

Truth Table 


CHANNEL 

D 

C 

INPUT 

B 

A 

BR 

a 

b 

c 

OUTPUT 
d e f 

9 

h 

i 

1 

L 

L 

L 

L 

L 


ON 

ON 







2 

L 

L 

L 

H 

L 

ON 

ON 


ON 

ON 


ON 



3 _ 

L 

L 

H 

L 

L 

ON 

ON 

ON 

ON 



ON 



4 

L 

L 

H 

H 

L 


ON 

ON 



ON 

ON 



5 

L 

H 

L 

L 

L 

ON 


ON 

ON 


ON 

ON 



6 

L 

H 

L 

H 

L 

ON 


ON 

ON 

ON 

ON 

ON 



7 

L 

H 

H 

L 

L 

ON 

ON 

ON 







8 

L 

H 

. H 

H 

L 

ON 

ON 

ON 

ON 

ON 

ON 

ON 



9 

H 

L 

L 

L 

L 

ON 

ON 

ON 

ON 


ON 

ON 



10 

H 

L 

L 

H 

L 

ON 

ON 

ON 

ON 

ON 

ON 


ON 

ON 

11 

H 

L 

H 

L 

L 


ON 

ON 





ON 

ON 

12 

H 

L 

H 

H 

L 

ON 

ON 


ON 

ON 


ON 

ON 

ON 

13 

H 

H 

L 

L 

L 

ON 

ON 

ON 

ON 



ON 

ON 

ON 

14 

H 

H 

L 

•H 

L 


ON 

ON 



ON 

ON 

ON 

ON 

15 

H 

H 

H 

L 

L 

ON 


ON 

ON 


ON 

ON 

ON 

ON 

16 

H 

H 

H 

H 

L 

ON 


ON 

ON 

ON 

ON 

ON 

ON 

ON 

OFF 

X 

X 

X 

X 

H 
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LM1017 


Typical Applications 


When operating with a 12V supply line, it is necessary to 
limit the power dissipation in the 1C by means of exter- 
nal resistance in series with the LED segments. (Max 
package dissipation at 70°C = 800 mW.) 

A minimum voltage of 2.5V should be allowed across 
the output driver pins between supply and outputs. 
Allowing 1.4V for the LED segments, a simple econom- 
ical solution using only 1 resistor can be proposed as 
follows: 

SEGMENTS 


a b c d e f g h i 



Maximum no of ON segments = 8 



1 2 3 4 5 6 7 8 

SEGMENTS ON 


For 20 mA/segment, maximum voltage allowed across 
Rl will be: 

12-2.5- 1.4 s 8V 
R l max = 8/8 x 0.02^470 

For 15 mA/segment (max), R|_ max = 56f2. 


Alternative methods of limiting Pp at 12V supply. 


With a series resistance between each output and seg- 
ment, the recommended resistance per segment at 
20 mA maximum will be: 

(12 -2.5- 1.4)/0.02 = 390S7 

If a zener is used, maximum zener voltage = 8V. (The 
zener can be common between LED display cathode 
and ground.) 



SEGMENTS ON 
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National 

Jui Semiconductor 


TV Circuits 


LM1019N Digital Tuning Station Detector 


General Description 


The LM1019N is a monolithic integrated circuit for 
identifying a valid picture when digitally tuned tele- 
vision receivers are used in the "search" mode. 


Features 

■ Noise gated sync separator 

■ Coincidence detector between sync and flyback 

■ Comparator to set AFC voltage at which output 
triggers 


Connection Diagram 


Dual-In-Line Package 


18V 1 

DIGITAL SUPPLY 

_ 2 


FLYBACK 5 
PULSE INPUT - " 

coincidence.! 

DETECTOR INPUT 

SYNCJ^ 

SEPARATOR OUTPUT 

8 


21 COMPARATOR 
COMPENSATION 
IT COMPARATOR 
OUTPUT 

13 COMPARATOR 

NON INVERTING INPUT 
12 COMPARATOR 
INVERTING INPUT 

TRIGGER OUTPUT 

10 SYNCHRONIZATION 

DETECTOR TIME CONSTANT 

——NOISE GATE INPUT 


Order Number LM1019N 
See NS Package N16A 
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LM1019N 


Absolute Maximum Ratings 






VI-16 

20V 





V3-16 

14V 





hi 

10 mA 





Operating Temperature Range 

0°C to +70°C 





Storage Temperature Range 

-65°C to +150°C 





Lead Temperature (Soldering, 10 seconds) 

300°C 





Electrical Characteristics vi- 

16= 18V, V3— 16 = 12V, Ta = 25 

°C 




PARAMETER 

CONDITIONS 

MIN 



UNITS 

Supply Current, I3 



6 


mA 

Supply Current, l-j 



2 


mA 

Video Signal 






Input Voltage Range 


1 


7 

Vp-p 

Input Current Driving Sync Pulse 



100 


fx A 

Noise Gating 






Input Voltage 


0.7 



V 

Input Current 


0.03 


10 

mA 

Flyback Pulse 






Input Voltage 


0.7 



V 

Input Current 


0.05 

1 


mA 

Input Resistance 



400 


£2 

Pulse Deviation 

f = 15,625 Hz 

10 



/is 

Composite Sync Pulse Output (Pin 7) 






Output Voltage 



10 


Vp-p 

Output Resistance at Leading Edge 



50 


a 

Output Resistance at Trailing Edge 



2 


k£2 

Coincidence Detector 






Sync Input Voltage 

(DC Restored by 

Internal Diode) 

6 



V 

Input Resistance 

V S > 0.7 V 


5 


k£7 


V S < 0.7V 


10 


kft 

Trigger Circuit 






Input Voltage, V10 

VII High 



2 

V 


VII Low 

4.5 



V 

Output Leakage, In 

V10 < 2V 



100 

MA 

Output Voltage, VII 

V10> 4.5V 


0.2 

0.5 

V 


1 n = 1 niA 





Comparator 






Input Bias Current 



1 

10 

mA 

Input Offset Voltage 




25 

mV 

Voltage Gain 

Output Current 

Internal Load Resistance 

Pin 14 Open Circuit 


5000 

10 

mA 

R1-14 


7 


13 

k£2 

Input Common-Mode Range 


0 


VI-5 

V 
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Typical Applications 

The LM1019 provides a ''stop" signal to the tuning 
system when a picture is received but because of the 
delay in the system when operating in the fast ramp 
mode, the tuner will normally have passed the optimum 
tuning point. The "stop" signal therefore ceases and the 
tuning system reverses direction at a reduced rate. When 
the. AFC reaches its correct level a further "stop" signal 
is given which ends the search routine. 

Figure 1 shows the block schematic of the LM1019 with 
the required external components for a typical applica- 
tion. 

Video with positive-going sync pulses is fed through a 
low pass filter to prevent noise being mistaken as sync 
pulses. It is then fed to a sync separator which gives a 
positive signal output at pin 7 during the sync period. 

A noise gate is also provided such that when the voltage 
on pin 9 exc pp rk 0 7\/ the sync seoarator is inhibited. 
This can be utilized by coupling video through a high 
pass filter into pin 9. However, the system works well 
even without this, and if not required, pin 9 can either 
be grounded or left open. 

The processed sync pulses are AC coupled to the coinci- 
dence detector on pin 6 because in the event of there 
being no video input, pin 7 rises to the high state. Fly- 
back pulses of greater than IV in amplitude are applied 
to pin 5 and when this is coincident with the video sync 
pulse, a current pulse is provided by pin 10. 


After a predetermined number of coincident pulses (set 
by the delay capacitor on pin 10), the Schmitt trigger 
operates, grounding pin 11. This brings down the voltage 
applied to the final comparator input from 12V to the 
required AFC trigger level set by R1 and R2. Typically 
this will be in the range of 6— 10V. 

The AFC control voltage is applied to pin 13. This is 
always less than 12V so that until the sync pulses and 
the flyback are synchronized, the main output on pin 14 
is always low. However, once synchronization is achieved 
and pin 12 is at a lower reference level, the AFC voltage 
will rise above this reference and then below it as the 
tuner passes through the AFC detector range. 

Pin 14 thus rises to 18V and then returns to a low level. 
As the tuner then reverses slowly, pin 14 again goes high 
when the AFC voltage equals the reference on pin 12. 
This terminates the search routine. 

Positive feedback can be provided to give a clean transi- 
tion and to prevent multiple pulses being sent to the 
tuning circuits. 

This is merely one possible configuration of the circuit. 
The output amplifier can be used in the inverting mode 
if the AFC S curve is inverted. A compensation point is 
also provided for application involving negative feedback 
where the amplifier may need stabilizing. 



INPUT 


FIGURE 1 
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National 

Semiconductor 


TV Circuits 


LM1821S Video IF PLL Synchronous Detector 


General Description 


Features 


The LM1821S is a monolithic integrated circuit specifically 
designed to perform video detection in a color television 
receiver or cable TV decoder. The device employs a phase- 
locked loop (PLL) for true synchronous detection, and in- 
cludes post video amplification with noise inversion and 
buffered outputs. An automatic fine tuning (AFT) detector 
with a defeat pin is also provided. 


■ Wide range PLL oscillator 

■ Detector very linear at low levels 

■ Adjustable zero-carrier level 

■ White-spot noise inversion 

■ Second video output for sound carrier 

■ Automatic fine tuning detector 

■ Ease of detector alignment 

■ Usable to 70 MHz 


Typical Application 
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Absolute Maximum Ratings 

Power Supply Voltage 15V 

Power Supply Current 100 mA 

Input Signal Voltage 1 Vrms 

Device Dissipation 1 .5W 

Thermal Resistance, 0 JA 55 °C/W 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range - 65°C to + 150°C 

Lead Temperature(Soldering, 10 seconds) 265°C 


DC Electrical Characteristics (Reference Test Circuit, all SW position 1 unless noted) 



M 1821 S 











Test Circuit 



Connection Diagram 


Order Number LM1821S 
See NS Package S16A 


DuaMn-Line Package 


LIMITER TUNING 
LIMITER TUNING 
GROUND 
VIDEO IF INPUT 
PLL FILTER 
VCO OSC TUNING 
VCOOSC TUNING 
V + 



NEGATIVEGOING 

SYNC 


TOP VIEW 






National 

Semiconductor 


TV Circuits 


LM1828, LM1848 Color Television Chroma Demodulator 


General Description 

The LM1828, LM1848 are monolithic silicon integrated 
circuits which demodulate the chroma sub-carrier 
information contained in a color television video signal 
and provide color-difference signals at the outputs. 

The low dc voltage drift of the outputs insures excellent 
performance in direct-coupled chrominance output 
circuitry. 


Features 

■ Low output voltage drift with temperature 

■ Doubly balanced demodulation 

■ 10 Vp-p E B — E y output 

■ Built-in ripple filter capacitors 

■ Standard matrix in LM1828 

■ Revised matrix in LM1848 

■ Pin compatible with LM746, CA3072 


Schematic Diagram 



Connection Diagram 


Dual-In-Line Package 


GNO 8 Y NC RY NC GY V, 



TOP VIEW 


Order Number LM1828N 
or LM1848N 
See NS Package N14A 
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LM1828, LM1848 


Absolute Maximum Ratings 


Power Dissipation (Note 2) 715mW 

Operating Temperature Range 0°C to +70°C 

Storage Temperature Range ~65°C to +150°C 

Supply Voltage 30V 

Reference Input 5 Vp-p 

Chroma Input 5 Vp-p 


Electrical Characteristics t a = 25°c, v cc = 24 v, r l = 3 . 3 k, Note 1 



PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

STATIC 

Is 

Supply Current 

R, = 1 M 

5.5 

9.0 

12.5 

mA 



e = 0 







c R L = 3.3k 

16.5 

22 

25.5 

mA 

Pd 

Power Dissipation 

CD 

II 

O 


340 

430 

mW 

V9, VII, V13 

dc Output Voltage 

e c = 0, R L = 3.3k 

13 

14.5 

16 

V 

0 

> 

<1 

Output Differential 

e c = 0, R L = 3.3k 


100 

600 

mV 


Output Tempco 

CD 

n 

II 

O 


3 


mV/°C 

V6, V7 

Reference Input dc 



6.2 


V 

V3, V4 

Chroma Input dc 



3.4 


V 

DYNAMIC 1 

e c 

Chroma Input Sensitivity 

B-Y = 5 Vp-p 


0.4 

0.7 

Vp-p 

V13 

Max B-Y Output 

e c = 1.5 Vp-p 

8 

10 


Vp-p 


ac Unbalance 

CD 

O 

II 

O 


0.1 

0.8 

Vp-p 

V9, VII, V13 

Residual Carrier 

B-Y = 5 Vp-p 



1.5 

Vp-p 


R-Y Output 

B-Y = 5 Vp-p 






LM1828 


3.5 

3.8 

4.2 

Vp-p 


LM1848 


4.2 

4.75 

5.25 

Vp-p 


G-Y Output 







LM1828 


0.75 

1.0 

1.25 

Vp-p 


LM1848 

' 

1.3 

1.75 

2.2 

Vp-p 


Note 1 : Values measured in test circuit. 

Note 2: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a 
thermal resistance of 175°C/W junction to ambient. 
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Typical Vector Output Diagrams 

LM1848 Revised Matrix 

LM1 828 Standard Matrix 10951 




Typical Application 

*0 


O.lnF 


X 



SHIFT 

NETWORK 


Test Circuit 

BY R-Y G-Y +24V 
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LM1880 



National 

Semiconductor 


TV Circuits 


LM1880 No-Holds Vertical/Horizontal 


General Description 

n 

The LM1880 uses compatible Linear/I L technology to 
produce the first T.V. horizontal and vertical processing 
system which completely eliminates the hold controls. 
The heart of the system is a precision 32 times horizontal 
frequency VCO which is designed to use a low-cost 
ceramic resonator as a tuning element. 

The VCO signal is divided down in the horizontal section 
to produce a pre-driver output which is locked to 
negative sync by means of an on-chip phase detector. 
The vertical output ramp is injection-locked by vertical 
sync subject to a sync window derived from the vertical 
countdown section. A gate pulse centered on the chroma 
burst is also provided. 


Features 

■ No frequency set-up required for horizontal or vertical 

■ Ceramic resonator frequency reference 

■ Accurate horizontal pre-driver duty cycle 

■ Vertical sync window referenced to horizontal 

■ Precise interlaced vertical output 

n APC loop parameters completely adjustable 

■ Vertical retrace time adjustable 

■ Chroma burst gate output 

■ Internal voltage regulator 

■ Improved vertical lock time 


Block Diagram 

v+ 


DC 

REF 


LOOP 

FILTER 


FLYBACK 

SAWTOOTH 



BURST 

GATE 

OUT 


VERTICAL 

RETRACE 

TIMING 


HORIZ 

OUT 


VERTICAL 

OUT 


Test Circuit 
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Absolute Maximum Ratings 

Supply Current (Pin 9) 

Output Voltage (Pins 8, 12, 13) 

Output Current 

Pin 8 

Pin 12 

Pin 13 

Sync. Input Voltage (Pins 10, 14) 

Electrical Characteristics (Test 

40 mA Sawtooth Input Voltage (Pin 1) 5 Vp-p 

12V Package Dissipation, Ta = 25°C 0.83W 

Above Ta = 25°C, Derate Based on 

50 mA Tj(MAX) = 15O°Cand0j A = 150°C/W 

15 mA Storage Temperature Range -55°C to +150°C 

10 mA Operating Temperature Range 0°C to +70° C 

5 Vp-p Lead Temperature (Soldering, 10 seconds) 300°C 

circuit, all SW normally pos. 1, Ta ~ 25°C) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Regulated Voltage (Pin 9) 


8.2 

8.7 

9.2 

V 

Supply Current (Pin 9) 

SW 7 Pos. 2 

12 

18 

24 

mA 

VCO Reference Voltage (Pin 3) 



5.1 


V 

VCO Control Current (Pin 2) 

V2 = 5V 


0.25 

1.0 

ma 

Horizontal Phase Detector Sink Current 

SW 1, SW 4 Pos. 2, VI = 3.9V, 

0.3 

05 


mA 

(Pin 2) 

V 2 - 5 V 





Horizontal Phase Detector Source Current 

SW 1 , SW 4 Pos. 2, VI = 1.9V, 

0.3 

0.5 


mA 

(Pin 2) 

V2 = 5V 





Horizontal Output Leakage (Pin 8, OFF 

Change SW 3 to Pos. 2 with Pin 8 High 



150 

/iA 

Condition) 






Horizontal Output Saturation Voltage 

Change SW 3 to Pos. 2 with Pin 8 Low 


0.15 

0.4 

V 

(Pin 8, ON Condition) 






Vertical Output Saturation Voltage 

SW 3, SW 5 Pos. 2 


0.25 

0.5 

V 

(Pin 12) 






Burst Gate Saturation Voltage (Pin 13) 

SW 1,SW4 Pos. 2, VI = 1.9V 


0.15 

0.4 

V 

Horizontal Oscillator Free-Running 

SW 2 Pos. 2 

15,550 

15,750 

15,950 

Hz 

Frequency (Pin 8), (Note 1) 






Horizontal Oscillator Maximum Frequency 

V2 = 7V 




Hz 

(Pin 8) 






Horizontal Oscillator Minimum Frequency 

V2 = 3V 



15,150 

Hz 

(Pin 8) 






Vertical Minimum Lock Frequency (Pin 12) 

fH= 15,734 Hz 



55.0 

Hz 


SW 6 Pos. 2, fn= 15,734 Hz 

61.7 



Hz 

Note 1 : Assumes ceramic resonator f r = 503.48 kHz. 






Design Parameters (Application circuit) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Horizontal Pull-In Range 



±600 


Hz 

Horizontal Static Phase Error (S.P.E.) 

Af h = ±600 Hz 


±0.5 


lis 

Horizontal Output Duty Cycle 



50 


% 

Horizontal Oscillator Supply Sensitivity 



-1 


Hz/V 

Vertical Output Retrace Time 



600 


jus 

Burst Gate Width 

.. _ 1 

Flyback Width = 1 2 /is 


5 


JUS 
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External Components (Application Circuit) 


Component w , 
Valu 

Rgl 30k 

R g 2 1.5k 


Component 


CIO 0.1 jLiF 


Burst Gate series resistor. 
Burst Gate shunt resistor, 
works with Rg-j to divide fly- 
back pulse and set Burst Gate 
amplitude. 


VFLYBACK 


R g2 

Vb.G. pk= — VpLYB, 

Rgl + Rg2 

Flyback Sawtooth integrator 
resistor, works with Cf to inte- 
grate flyback pulse to 1 Vp-p 
min sawtooth. For Cf = 

0.1 mF, 

85 VFLYBACK 
VSAW p-p “ 

Flyback Sawtooth integrator 
uapaCi LOT. 

Sawtooth input coupling capa- 
citor. 

Horizontal Sync input 
coupling resistor. 

Rh = 0.4 x VsYNC p-p k£2 
Horizontal Sync input 
coupling capacitor, blocks 
vertical sync components. 

Vertical sync input integrator 
resistor. 

Vertical sync input integra- 
tor capacitor, works with R v 
to integrate composite sync 
to —2 Vp-p min pulse. For 
N.T.S.C. sync, Vert, sync ^ 

1.4 x 10~ 4 

— — — (Comp, sync) Vp-p 

RyCy 

Vertical sync coupling capa- 
citor. 

Vertical Retrace timing 
resistor. 


Typical 
Value 
0.05 {jlF 


Vertical Retrace timing capa- 
citor, works with R^ to deter- 
mine ON time of vertical 
ramp switch at pin 12. 
t\/. RETRACE =* 0.75 R t C t sec. 
Oscillator phase shift resistor. 
Works with R 0 to produce 
45° lag required by VCO 
phasfiP'shifter. 

Defines Q of ceramic resona- 
tor tuned network, which 
affects VCO control curve. 
Completes VCO loop with 
phase lag, required to sustain 
oscillation and suppress 
resonator overtones. 

Series resistor to device supply 
pin 9. must suppiy sufficient 
current to activate internal 
shunt regulator. 


Vjunreg) ~ 9V ^ 
0.03 


Device supply decoupling capa- 
citor. 

Horizontal pre-driver output 
resistor, supplies base current 
to Horizontal driver transistor 
when pin 8 is OFF. 

Horizontal APC loop filter 
high frequency roll-off. C2 
also prevents signal on loop 
filter from saturating phase 
detector output. 

R x , Ry and C c form the 
Horizontal APC loop filter. 

See Applications Information 
to modify loop parameters. 
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LM1880 


Applications information 

I. VERTICAL COUNTER 


The vertical counter in the LM1880 replaces the conven- 
tional vertical oscillator in a television reciever. The 
vertical lock-in range is governed by the width of the 
vertical sync window, which opens from count 510 to 
count 542 following a vertical reset. The vertical lock 
frequencies are referenced to twice horizontal fre- 
quency to insure interlaced vertical and horizontal 
outputs. For fHORIZ = 15,734 Hz, the vertical lock 
frequencies are calculated as follows: 


fV. HIGH = 


fV. LOW = 


2(15,734) 

510 

2 (15,734) 
542 


61.7 Hz. 


58 Hz. 


In virtually all standard and non-standard sync signals 
the vertical sync is also derived from the horizontal, 
so that as long as the horizontal sync frequency is 
within the pull-in range of the LM1880 (approximately 
±600 Hz), the vertical lock window will remain centered 
on the vertical sync. Thus, the effective Vertical lock 
range is increased by the horizontal APC: 


2 (15,734 + 600) 

fy. HIGH (EFF) = — = 64 Hz. 

510 

2(15,734-600) 

ty LOW (EFF) = — = 55.8 Hz. 


The time required for the vertical to "roll-thru" and lock 
is a function of the difference frequency and relative 
phase of fv. LOW anc * vert ' ca l sync: 


I 

tROLL-THRU (AVG) = ~ 


I 

60 - 58 Hz 


= 250 ms 


II. HORIZONTAL APC LOOP PARAMETERS 

The following information is given to provide a basis for 
modifying the filter to achieve the desired loop perfor- 
mance. Although the VCO is actually running at 
503.5 kHz, for convenience all parameters are referenced 
to the actual horizontal output frequency at pin 8. 

DC Loop Gain 

The DC loop gain is the product of the phase detector 
conversion gain (ju) and the VCO sensitivity ((3). For the 
typical application circuit, 

jU = 1.6 x 10“4 R y V/Rad 
and 

(3 = 800 Hz/V 

ju|3 = 0.13 R y Hz/Rad 

for R y = 100 kft, v(3 = 13,000 Hz/Rad 

In order to determine static phase error (S.P.E.), the 
loop gain may be expressed in Hz/jus: 


13,000 x 2 tt 
63.5 fis 


1,286 Hz/jus 


For comparison, this value is nearly double the loop 
gain of the LM1391. The increased loop gain (reduced 
phase error) guarantees accurate centering of the burst 
gate pulse on pin 13 of the LM1880. 


The following equations cover AC loop parameters of 
interest: 


Noise Bandwidth 

1 + 2tt (R2/R y ) C c /ij3 


f NN = 


4R x C c 


Hz 


Damping Factor 



CcMjS 


Pull-In Range 

The pull-in and hold-in range of the LM 1880 horizontal 
APC loop are directly determined by the VCO control 
range. Thus the loop would be capable of pulling the 
VCO further than ±600 Hz, but it has well defined 
frequency limits which prevent it from doing so. As a 
result of these built-in "stops", the loop parameters may 
be varied over a large range without affecting pull-in 
performance. 


The VCO control range, and hence pull-in, can be modi- 
fied to some extent by varying the Q of the ceramic 
resonator with resistor R s : 

Incr. R s -> Incr. Pull-in 
Reduce R s -> Reduce Pull-in 

However, because of the non-linearity of the resonator, 
R s has a much greater effect on the negative side pull-in 
than the positive side. 


III. LAYOUT NOTES 

Since the LM 1 880 uses a counter to derive the horizontal 
frequency, care must be taken to prevent extraneous 
signals from the horizontal driver and output stages from 
feeding back to the VCO where they could cause false 
counts and consequent severe phase jitter. The following 
guidelines will prevent this problem from occurring: 

A. Keep the VCO feedback capacitor, Ci_, as close as 
possible to device pins 6 and 7. 

B. Limit the lead length on the horizontal output pin 8. 
If a long line is required to the driver base, isolate it 
with a small series resistor (200-30012) next to 
pin 8. 
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Circuit Description (See Schematic Diagram) 


The LM1880 uses a phase-shift type voltage-controlled 
oscillator (VCO). The gain for the oscillator loop is 
derived from differential amplifiers Q30, Q31 and Q22, 
Q23. The collector current in Q23 is phase-shifted 
45° at pin 5 and summed with a portion of the current 
in Q22, controlled by differential amplifier Q20, Q21. 
The resulting output phase at pin 4 coupled through 
the ceramic resonator to pin 6 defines the oscillation 
frequency. Differential amplifier Q16, Q17, controlled 
by the pin 2 voltage, determines the current split in Q20 
and Q21 and, consequently, the pin 4 phase and oscilla- 
tion frequency. The multiple-emitter degeneration in 
Q17 compensates the resonator phase characteristic to 
produce a nearly linear VCO control curve. 

The 503.5 kHz output of the VCO is taken from squaring 
amplifier Q32, Q33 through Q34 and Q35 to the l 2 L 
-M6 pre-scaler T0-T3. The 2fn output is then divided 
again in T4 to produce the desired horizontal frequency 
at gate G8. The horizontal pre-driver section consists of 
Q3, Q4 and Q5, which produce an open-collector output 
square-wave at pin 8. 

The 2fn pre-scaler output also drives a data flip-flop 
which resets the vertical counter FI— F9. The data input 
of the reset flip-flop is controlled by the vertical sync 
from pin 10 subject to gates G3 and G5. After 510 2fn 
cycles following reset, vertical sync from Q1 and G4 is 
enabled by G3. A sync pulse received after this time 
initiates reset on the next 2fn cycle. If no pulse is 
received after 542 cycles, G5 will initiate the reset 
process. A reset pulse from the counter is taken via 
G9 to the retrace timing section. SCR Q8, Q9 is normally 


ON, holding a capacitor on pin 11 near ground. During 
this time Q11 and Q12 are OFF, allowing the vertical 
ramp to form on pin 12. When the reset pulse is received, 
07 turns Q8, Q9 OFF and Q11, Q12 ON, discharging 
the vertical ramp for the duration of the retrace time. 
Retrace is completed when the pin 1 1 capacitor charges 
to the Q8 threshold, and the SCR again latches. 

The remaining sections of the device are the horizontal 
phase detector and burst gate former. The balanced 
phase detector consists of comparator Q43, Q44 and 
current source Q39 gated by differential amplifier Q41, 
Q42. Negative horizontal sync pulses on pin 14 enable 
the comparator, and the flyback sawtooth on pin 1 
switches the current from Q43 to Q44 based on the 
relative phase between the sync and sawtooth. Q44 
takes a (— ) current pulse from pin 2, while the pulse in 
Q43 is turned around in the current mirror Q45, Q46 
and Q47 to produce a (+) current pulse at pin 2. These 
currents are then integrated by the external loop filter 
to control the VCO. 

The flyback sawtooth also switches differential amplifier 
Q49, Q50, which activates the burst gate. During the 
first half of the flyback pulse Q49 will be ON, which 
turns Q51 and Q52 ON and clamps pin 13 near ground. 
The sawtooth switches Q49, Q51 and Q52 OFF at the 
peak of the flyback, releasing pin 13. In this manner, 
the second half of a flyback pulse fed to pin 13 can be 
used as a burst gate. 

Q53, Q54 and Q55 form the active shunt regulator 
which holds the supply pin 9 at 8.7V typ. 
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Absolute Maximum Ratings 





Supply Voltage 






Pin 5 

15 V 





Pin 20 

6V 





Input Voltage (Pins 1, 8, 9, 11—19) 

-0.5V, +12V 





Pin 2 Voltage Relative to Pin 20 

0.8V 





Output Current 

5 mA 





Power Dissipation, Ta = 25°C (Note 1) 1.67 W 





Storage Temperature Range 

~55°C to +1 50°C 





Operating Temperature Range 

0°C to 70° C 





Lead Temperature (Soldering, 10 seconds) 300°C 





Electrical Characteristics t a = 25 °c, (Figure 2 , Note 2 ) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

5V Supply Current (Pin 20) 

BLANK = 0.8V 

7 

11 

16 

mA 

12V Supply Current (Pin 5) 

BLANK = 0.8V 

9 

13 

17 

mA 

Logic "1" Input Current 

Input Voltage = 5.0V 


0 

10 

JUA 

(Pins 1,2, 8,9, 11-19) 






Logic "0" Input Current 

Input Voltage = 0.3V 


- 0.01 

-0.18 

mA 

(Pins 1,2,8, 9, 11-19) 






Output Offsets 

R, G, B = 0.8V 





AVy 



0 

±50 

mV 

AVr.y 



0 

±50 

mV 

AVb-Y 



0 

±50 

mV 

R-Y Full Scale, (AVr.y)fS 

R = 2V; G, B = 0.8V 

1.0 

1.23 

1.4 

V 

B-Y Full Scale, (AVb-Y)FS 

B = 2 V; R, G = 0.8V 

0.7 

0.87 

1.0 

V 

Green Full Scale 

G = 2V: R, B = 0.8V 





AVr.y 


-0.85 

-1.03 

-1.2 

V 

av B -y 


-0.45 

-0.58 

-0.7 

V 

Y Full Scale 

R, G, B = 2V 





(AVy)FS 


1.6 

1.75 

1.9 

V 

AVr.y 



0 

±100 

mV 

AVr-Y 



0 

±75 

mV 

0 Carrier Reference, AVo 


2.0 

2.2 

2.5 

V 

Blanking Level, AVy 

BLANK = 0.8V 


0 

±50 

mV 

Sync Level, AVy 

BLANK; SYNC = 0.8V 

-0.67 

-0.77 

-0.87 

V 

NTSC Burst, AV B -Y 

BLANK, BURST GATE = 0.8V 

-0.26 

-0.35 

-0.46 

V 

PAL Burst 






AVr.y 

SW in PAL Position; 

-0.2 

-0.25 

-0.32 

V 

av B -y 

BLANK, BURST GATE, 

H/2 = 0.8V 

-0.2 

-0.25 

-0.32 

V 

PAL Inversion Ratio 

R = 2V; G, B, H/2 = 0.8V 

-0.9 

- 1.0 

-1.1 


(avr.y)pal/(av r .y)fs 

SW to PAL Position 





Y Linearity Error 

Figure 2b Input Connection 


±1 

±6 

%FS 

Y Switching Times 

15 kHz Square Wave Switching 

R, G, B in Parallel 





Rise Time, tR 



35 


ns 

Fall Time, tF 


' 

30 


ns 

Settling Time ±1 LSB 



50 


ns 

Note 1: Above Ta - 25°C, derate based on Tj(max) = 150°C and 0 ja = 75°C/W. 




Note 2: Unless otherwise noted, BLANK, SYNC, BURST GATE = 2V and SW is in NTSC position. All outputs are referenced to the +5V supply 

as shown in Figure 2a. 







11-24 




Typical Input and Output Waveforms 


BLANK" 2 0V MIN 
INPUT 

(PIN 9) 0 8V MAX 


l_t 



Application Notes (Refer to Figure 3) 

SYNC, BLANK, and BURST GATE may be obtained 
from a sync generator 1C similar to MM5320 or MM5321. 
For PAL operation, the H/2 square wave may be ob- 
tained by a -^2 from horizontal sync. 

All inputs are low-power TTL compatible. Because 
of the very low typical input currents, the color inputs 
may be paralleled in various combinations. For simple 
color requirements, the Figure 2a input connection 
may be used to produce the 6 primary and comple- 
mentary colors listed in Table I, along with black and 
white. To add complex colors such as those at the bottom 
of Table I, all 9 input bits may be required separately. 
When choosing input codes for other colors, always 
check the new color against both light and dark back- 
grounds. 

All outputs are referenced to the +5V supply for direct 
connection to the LM1889. The resistor on the lumi- 
nance output pin 6 is used to sum the chroma subcarrier 
from the LM1889 and must be wired as tightly as 
possible to preserve the video bandwidth. For the 
addition of sound or a second RF channel, refer to 
the LM1889 data sheet. 


TABLE I. INPUT CODE EXAMPLES FOR COMMON 
COLORS 



INPUT CODE | 

RED 

GREEN 

BLUE 


COLOR 

M 


L 

M 


L 

M 


L 


Black 

0 

0 

0 

0 

0 

0 

0 

0 

0 


Dark Grey 

0 

1 

0 

0 

1 

0 

0 

1 

0 


Light Grey 

1 

0 

1 

1 

0 

1 

1 

0 

1 


White 

1 

1 

1 

1 

1 

1 

1 

1 

1 

>■ 

Red 

1 

1 

1 

0 

0 

0 

0 

0 

0 

1 

Green 

0 

0 

0 

1 

1 

1 

0 

0 

0 

CL 

LBIue 

0 

0 

0 

0 

0 

0 

1 

1 

1 

d> £ 

'Cyan 

0 

0 

0 

1 

1 

1 

1 

1 

1 

a £5 

E S' 

Magenta 

1 

1 

1 

0 

0 

0 

1 

1 

1 

o 2 
O E 

.Yellow 

1 

1 

1 

1 

1 

1 

0 

0 

0 


Brown 

0 

1 

1 

0 

1 

1 

0 

0 

0 


Orange 

1 

1 

1 

1 

0 

0 

0 

0 

0 


Flesh tone 

1 

1 

1 

1 

1 

0 

1 

0 

1 


Pink 

1 

1 

1 

1 

1 

0 

1 

1 

0 


Sky Blue 

1 

0 

1 

1 

0 

1 

1 

1 

1 
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Typical Application 
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4.4336 
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43 

36 
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FIGURE 3 


Circuit Description (Refer to Figure 4) 


The 3-bit red, green, and blue inputs go to identical 
3-bit current-mode digital-to-analog converters (DACs). 
Each DAC consists of three binary-weighted current 
sources controlled by diff-amp current switches. The 
DAC output currents are arbitrarily given a weighting 
factor of 0.59, which is the green coefficient in the 
luminance equation. Portions of the red and blue 
currents are split off, so that the remaining currents 
combined with the green current form the luminance 
current ly = 0.3 Ir + 0.59 Iq + 0.11 Ir. ly develops 
the luminance voltage Vy across Ro in a summing 
amplifier referenced to the +5V supply. A current 
switch operated by pin 8 adds (-) sync pulses to the 
Y output at pin 6. 


The requirements for PAL and NTSC encoding differ 
in the areas of burst gate operation and R-Y polarity, 
both of which are controlled via pin 2 as follows: 

PAL, pin 2 fed by a half-line frequency TTL square 
wave-in this mode a PNP switch between pin 2 and 
+5V is held off continuously, which results in equal 
burst pulse components on the B-Y and R-Y outputs. 
In addition, the H/2 square wave causes the R-Y 
output polarity to reverse every line. (When fed 
to the LM1889 chroma modulator this causes the 
phase of the R-Y subcarrier to change 180° as re- 
quired in PAL.) 


The portions of red and blue currents previously split 
off flow through resistors Ro/0.29 and Ro/0.48, 
which are weighted to form the red and blue voltages 
respectively. Since the opposite ends of the 2 resistors 
are connected to Vy, the red and blue voltages across 
the resistors subtract from Vy to develop the color 
difference voltages Vy.R and Vy.R. Vy.R is coupled 
through a X.56 gain, 5V-referenced inverting amplifier 
to the B-Y output at pin 4. Vy.R feeds parallel inverting 
and non-inverting jjnity gain amplifiers which allow 
either polarity to be coupled to the R-Y output pin 3. 
Switching between the 2 amplifiers is controlled by 
a current switch activated by the H/2 pin 2.. A (-) burst 
gate pulse on pin 1 controls current switches which 
add the burst pulse components to the B-Y and R-Y 
outputs. 


NTSC, pin 2 tied through an external resistor to 
+12V— this turns on the PNP switch continuously, 
which eliminates the burst pulse on the R-Y output 
and increases the amplitude of the B-Y pulse. Since 
pin 2 is being held high, the R-Y output is locked 
in the positive polarity. 

Blanking is activated by a low on pin 9, which de-biases 
the left side of the DAC diff-amps, so that Ir = Iq - 
Ir = 0 independent of the input states. When blanked, 
the Y, B-Y and R-Y outputs all go to +5V. An additional 
amplifier produces a 0 carrier reference voltage at 
pin 7 which is 25% above the peak white voltage on 
the Y output, relative to +5V. 
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LM1889 TV Video Modulator 


General Description 


Features 


The LM1889 is designed to interface audio, color 
difference, and luminance signals to the antenna termi- 
nals of a TV receiver. It consists of a sound subcarrier 
oscillator, chroma subcarrier oscillator, quadrature 
chroma modulators, and RF oscillators and modulators 
for two low-VHF channels. 


dc channel switching 

12V to 18V supply operation 

Excellent oscillator stability 


The LM1889 allows video information from VTR's, 
games, test equipment, or similar sources to be displayed 
on black and white or color TV receivers. When used 
with the MM57100 and MM53104, a complete TV game 
is formed. 


Low intermodulation products 
5 Vp-p chroma reference signal 
May be used to encode composite video 


Block Diagram DC Test Circuit 


Dual-ln-Line Package 



Order Number LM1889N 
See NS Package N18A 
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Absolute Maximum Ratings 

Supply Voltage V14, V16 max 19Vdc 

Power Dissipation Package (Note 1) 1390 mW 

Operating Temperature Range 0°C to +70°C 

Storage Temperature Range -55°C to +150°C 

Chroma Osc Current 1 17 max lOmAdc 

(V16-V15) max ±5 Vdc 

(V14-V10) max 7V 

(V14— V1 1 ) max 7V 

Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics (dc Test Circuit, All SW Normally Pos. I, Va = 15V, V B = Vc = 12V) 

PARAMETER CONDITIONS MIN TYP MAX 


Supply Current, 1$ 20 35 45 

Sound Oscillator, Current Change, Ali 5 Change Va From 12.5V to 0.3 0.6 0.9 

17.5V 

Chroma Oscillator Balance, VI 7 9.5 11.0 12.5 

Chroma Modulator Balance, VI 3 7.0 7.4 7.8 

R-Y Modulator Output Level, AV13 SW 3, Pos. 2, Change SW 1 0.6 0.9 1.2 

From Pos. 1 to Pos. 2 

B-Y Modulator Output Level, AVI 3 SW 3, Pos. 2, Change SW 2 0.6 0.9 1.2 

From Pos. 1 to Pos. 2 

Chroma Modulator Conversion Ratio, SW 3, Pos. 2, Change SW 0 0.45 0.70 0.95 

AV13/AV3 From Pos. 1 to Pos. 2. Divide 

AVI 3 by AV3 

Ch. A Oscillator "OFF" Voltage, V8, V9 SW 4, Pos. 2 , 0.5 1.5 3.0 

Ch. A Oscillator Current Level, Ig Vb = 12V, Vq = 13V 2.5 3.5 5 

Ch. B Oscillator "OFF" Voltage, V6, V7 0.5 1.5 3.Q 

Ch. B Oscillator Current Level, 16 SW 4, Pos. 2, Vb = 12V, 2.5 3.5 5 

Vc= 13V 

Ch. A Modulator Conversion Ratio, SW 1 , SW 2, SW 3, Pos. 2, 0.35 0.55 

AV1 1 /(V 1 3 — V 12) Vb = 12V, Change Vr From 


SW 3, Pos. 2, Change SW 1 
From Pos. 1 to Pos. 2 

SW 3, Pos. 2, Change SW 2 
From Pos. 1 to Pos. 2 

SW 3, Pos. 2, Change SW 0 
From Pos. 1 to Pos. 2. Divide 
AVI 3 by AV3 

SW 4, Pos. 2 
V B = 12V, Vc= 13V 


MIN 

TYP 

MAX 

UNITS 

20 

35 

45 

mA 

0.3 

0.6 

0.9 

mA 

9.5 

11.0 

12.5 

V 

7.0 

7.4 

7.8 

V 

0.6 

0.9 

1.2 

V 

0.6 

0.9 

1.2 

V 

0.45 

0.70 

0.95 

v/v 


Ch. B Modulator Conversion Ratio, 
AV10/(V13— V12) 


SW 4, Pos. 2, V B = 12V, 

Vq= 13V 

SW 1 , SW 2, SW 3, Pos. 2, 

V B = 12V, Change Vq From 
13V to 11V For AV1 1 Divide 
By V13-V12 

All SW, Pos. 2, V B = 12V, 
Change Vc From 13V to 1 1V 
Divide as Above 


AC Electrical Characteristics (ac Test Circuit, V = 15V) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

Chroma Oscillator Output Level, VI 7 

c LOAD < 20 pF 

4 

5 

Sound Carrier Oscillator Level, VI 5 

Loaded by RC Coupling 

2 

3 


Network 



Ch. 3 RF Oscillator Level, V8, V9 

Ch. Sw. Pos. 3, f = 61.25 MHz, 

Use FET Probe 

200 

350 

Ch. 4 RF Oscillator Level, V6,.V7 

Ch.Sw. Pos. 4, f = 67.25 MHz, 

200 

350 


Use FET Probe 





Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a 
thermal resistance of 90°C/W junction to ambient. 
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Design Characteristics (ac Test Circuit, V = 15V) 


PARAMETER 

TYP 

UNITS 

PARAMETER 

TYP 


Oscillator Supply Dependence 



RF Modulator 



Chroma, f 0 = 3.579545 MHz 

3 

Hz/V 

Conversion Gain, f = 61.25 MHz, 



Sound Carrier,- RF 

See Curves 


V0UT/(V13-V12) 

10 

mVrms/V 

Oscillator Temperature Dependence (1C Only) 



3.58 MHz Differential Gain 

5 

% 

Chroma 

0.05 

ppm/°C 

Differential Phase 

3 

degrees 

Sound Carrier 

-15 

ppm/°C 

2.5 Vp-p Video, 87.5% mod. 



RF 

-50 

ppm/°C 

Output Harmonics Below Carrier 



Chroma Oscillator Output, Pin 17 



2nd, 3rd 

-12 

dB 

tRISE. 10-90% 

20 

ns 

4th and above 

-20 

dB 

tFALL. 90-10% 

30 

ns 

Input Impedances - 



Duty Cycle (+) Half Cycle 

51 

% 

Chroma Modulator, Pins 2, 4 

500k//2 pF 


(-) Half Cycle 

49 

% 

RF Modulator, Pin 12 

1M//2 pF 


RF Oscillator Maximum Operating Frequency 

100 

MHz 

Pin 13 

250k//3.5 pF 


(Temperature Stability Degraded) 






Chroma Modulator (f = 3.58 MHz) 






B-Y Conversion Gain V13/(V4-V3) 

0.6 

Vp-p/V 




R-Y Conversion Gain V13/(V2-V3) 

0.6 

Vp-p/V 




Gain Balance 

±0.5 

dB 




Bandwidth 

See Curve 






AC Test Circuit 


ci 

43 pF 3.57955 MHz 9-35 pF 
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Typical Performance Characteristics 


Sound Carrier Oscillator 
Supply Dependence 
(f Q = 4.5 MHz) 



10 11 12 13 14 15 16 17 18 19 20 
SUPPLY VOLTAGE (V) 


RF Oscillator Frequency 
Supply Dependence 



10 11 12 13 14 15 16 17 18 19 20 
SUPPLY VOLTAGE (V) 


Chroma Modulator 
Transconductance Bandwidth 
•OUT 13/V1 or 18 



1 2 5 10 20 50 100 

FREQUENCY (MHz) 



Chroma Modulator 
Common-Mode Input Range 
Pins 2. 3. 4 


14 v7^y7y7>yzv//V7A/yx7Sjr\ 
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y/ 
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/V 

yy. 
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y/ 
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y/ 
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yy 
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SUPPLY VOLTAGE (V) 


RF Modulator 

Common-Mode Input Range 
Pins 12, 13 (Applications Circuit) 



Y/77A 

vyy 


YZA 

Y' 






7/, 



























7\ 



























1 









! 

— 

— 

— 

— 

— 

z 




W/ 









7 y 77 y 

V/y 

y/y 

77, 

yy 

yy/ 

7/y 

V/y 



77/ 

77/ 

77, 

TV, 

yy 

7// 

77/ 


10 11 12 13 14 15 16 17 18 19 20 
SUPPLY VOLTAGE (V) 


Circuit Description (Refer to Circuit Diagram) 

The sound carrier oscillator is formed by differential 
amplifier Q3, Q4 operated with positive feedback from 
the pin 15 tank to the base of Q4. 

The chroma oscillator consists of the inverting amplifier 
Q16, Q17 and Darlington emitter follower Q11, Q12. 
An external RC and crystal network from pin 17 to 
pin 18 provides an additional 180 degrees phase lag back 
to the base of Q17 to produce oscillation at the crystal 
resonance frequency. (See ac test circuit). 

The feedback signal from the crystal is split in a lead-lag 
network to pins 1 and 18, respectively, to generate the 
subcarrier reference signals for the chroma modulators. 
The R-Y modulator consists of multiplier devices Q29, 
Q30 and Q21-Q24, while the B-Y modulator consists of 
Q31, Q32 and Q25-Q28. The multiplier outputs are 
coupled through a balanced summing amplifier Q37, 
Q38 to the input of the RF modulators at pin 13. 
With 0 offset at the lower pairs of the multipliers, no 
chroma output is produced. However, when either 
pin 2 or pin 4 is offset relative to pin 3 a subcarrier out- 
put current of the appropriate phase is produced at 
pin 13. 


The channel B oscillator consists of devices Q56 and 
Q57 cross-coupled through level-shift zener diodes 
Q54 and Q55. A current regulator consisting of devices 
Q39— Q43 is used to achieve good RF frequency stability 
over supply and temperature. The channel B modulator 
consists of multiplier devices Q58, Q59 and Q50— Q53. 
The top quad is coupled to the channel B tank through 
isolating devices Q48 and Q49. A dc offset between 
pins 12 and 13 offsets the lower pair to produce an 
output RF carrier at pin 10. That carrier is then modu- 
lated by both the chroma signal at pin 13 and the video 
and sound carrier signals at pin 12. The channel A 
modulator shares pin 12 and 13 buffers Q45 and Q44 
with channel B and operates in an identical manner. 

The current flowing through channel B oscillator diodes 
Q54, Q55 is turned around in Q60, Q61 and Q62 to 
source current for the channel B RF modulator. In the 
.same manner, the channel A oscillator Q71— Q74 uses 
turn around Q77, Q78 and Q79 to source the channel A 
modulator. One oscillator at a time may be activated by 
connecting its tank to supply (see ac test circuit). The 
corresponding modulator is then activated by its current 
turn-around, and the other oscillator/modulator com- 
bination remains "OFF". 
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Applications Information 

Subcarrier Oscillator 

The oscillator is a crystal-controlled design to ensure the 
accuracy and stability required of the subcarrier fre- 
quency for use with television receivers. Lag-lead net- 
works (R2C2 and C1R1) define a quadrature phase 
relationship between pins 1 and 18 at the subcarrier 
frequency of 3.579545 MHz. Other frequencies can be 
used and where high stability is not a requirement, the 
crystal can be replaced with a parallel resonant L-C 
tank circuit-to provide a 2 MHz clock, for example. 
Note that since one of the chrominance modulators is 
internally connected to the feedback path of the oscil- 
lator, operation of the oscillator at other than the 
correct subcarrier frequency precludes chrominance 
modulation. 

When an external subcarrier source is available or 
preferred, this can be used instead. For proper modulator 
operation, a subcarrier amplitude of 500 mVp-p is 
required at pins 1 and 18. If the quadrature phase shift 
networks shown in the application circuit are retained, 
about 1 Vp-p subcarrier injected at the junction of Cl 
and R2 is sufficient. The crystal, C4 and R3 are elim- 
inated and pin 17 provides a 5 Vp-p signal shifted 
+125° from the external reference. 

Chrominance Modulation 

The simplest method of chroma encoding is to define 
the quadrature phases provided at pins 1 and 18 as the 
color difference axes R-Y and B-Y. A signal at pin 2 
(R-Y) will give a chrominance subcarrier output from 
the modulator with a relative phase of 90° compared 
to the subcarrier output produced by a signal at pin 4 
(B-Y). The zero signal dc level of the R-Y and B-Y inputs 
will determine the bias level required at pin 3. For 
example, a pin 2 signal that is IV positive with respect 
to pin 3 will give 0.6 Vp-p subcarrier at a relative phase 
of 90°. If pin 2 is IV negative with respect to pin 3, 
the output is again 0.6 Vp-p, but with a relative phase 
of 270°. When a simultaneous signal exists at pin 4, the 
subcarrier output level and phase will be the vector sum 
of the quadrature components produced by pin 2 and 4 
inputs. Clearly, with the modulation axes defined as 
above, a negative pulse on pin 4 during the burst gate 
period will produce the chrominance synchronizing 
"burst" with a phase of 180°. Both color difference 
signals must be dc coupled to the modulators and the 
zero signal dc level of both must be the same and within 
the common-mode range of the modulators. 

The 0.6 Vp-p/Vd c conversion gain of the chrominance 
modulators is obtained with a 2 k!2 resistor connected 
at pin 13. Larger resistor values can be used to increase 
the gain, but capacitance at pin 13 will reduce the band- 
width. Notice that equi-bandwidth encoding of the color 
difference signals is implied as both modulator outputs 
are internally connected and summed into the same 
load resistor. 

Sound Oscillator 

Frequency modulation is achieved by using a 4.5 MHz 


tank circuit and deviating the center frequency via a 
capacitor or a varactor diode. Switching a 5 pF capacitor 
to ground at an audio frequency rate will cause a 
50 kHz deviation from 4.5 MHz. A 1N5447 diode 
biassed — 4V from pin 16 will give ±20 kHz deviation 
with a 1 Vp-p audio signal. The coupling network to 
the video modulator input and the varactor diode bias 
must be included when the tank circuit is tuned to 
center frequency. 

A good level for the RF sound carrier is between 2% and 
20% of the picture carrier level. For example, if the peak 
video signal offset of pin 12 with respect to pin 13 is 
3V, this corresponds to a 30 mVrms picture RF carrier. 
The source impedance at pin 12 is defined by the 
external 2 k£2 resistor and so a series network of 15 k£2 
and 24 pF will give a sound carrier level at —32 dB to 
the picture carrier. 


RF Modulation 

Two RF channels are available, with carrier frequencies 
up to 100 MHz being determined by L-C tank circuits at 
pins 6, 7, 8 and 9. The signal inputs (pins 12, 13) to 
both modulators are common, but removing the power 
supply from an RF oscillator tank circuit will also 
disable that modulator. 

As with the chrominance modulators, it is the offset 
between the two signal input pins that determines the 
level of RF carrier output. Since one signal input 
(pin 13) is also internally connected j;o the chrominance 
modulators, the 2 kft load resistor at this point should 
be connected to a bias source within the common-mode 
input range of the video modulators. However, this bias 
source is independent of the chrominance modulator 
bias and where chrominance modulation is not used, 
the 2 k£2 resistor is eliminated and the bias source con- 
nected directly to pin 13. 

To preserve the dc content of the video signal, amplitude 
modulation of the RF carrier is done in one direction 
only, with increasing video (toward peak white) 
decreasing the carrier level. This means the active com- 
posite video signal at pin 12 must be offset with respect 
to pin 13 and the sync pulse should produce the largest 
offset (i.e., the offset voltage of pin 12 with respect to 
pin 13 should have the same polarity as the sync pulses). 

The largest video signal (peak white) should not be 
able to suppress the carrier completely, particularly if 
sound transmission is needed. For example, a signal with 
IV sync amplitude and 2.5V peak white (3.5 Vp-p — 
negative polarity sync) and a black level at 5 Vdc will 
require a dc bias of 8V on pin 13 for correct modula- 
tion. A simple way of obtaining the required offset is 
to bias pin 13 at 4 x (sync amplitude) from the sync tip 
level at pin 12. 
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Applications Information (Continued) 


Split Power Supplies 

The LM1889 is designed to operate over a wide range of 
supply voltages so that much of the time it can utilize 
the signal source power supplies. An example of this is 
shown in Figure 2 where the composite video signal 
from a character generator is modulated onto an RF 
carrier for display on a conventional home TV receiver. 
The LM1889 is biased between the —12V and +5V 
supplies and pin 13 is put at ground. A 9.1 k£2 resistor 
from pin 12 to —12V dc offsets the video input signal 
(which has sync tips at ground) to establish the proper 
modulation depth — R1/R2 = V|[\|/12 x 0.875. This 
design is for monochrome transmission and features an 
extremely low external parts count. 


DC Clamped Inputs 

Utilizing a DC clamp will make matching the LM1889 to 
available signal generator outputs a simple process. 
Figure 3 shows the LM1889 configured to accept the 
composite video patterns available from a Tektronix 
Type 144 generator that has black level at ground and 
negative polarity syncs. In this application, the chroma 
oscillator amplifier is used to provide a gain of two. The 
100k pot adjusts the overall DC level of the amplified 
signal which determines the modulation depth of the RF 
output. Clamping the input requires a minimum of DC 
correction to obtain the correct DC output level. This 
allows the adjustment to be a high impedance that will 
have minimum effect on the amplifier closed loop gain. 
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LM2808 Monolithic TV Sound System 


General Description 


Features 


The LM2808 2W sound IF circuit is designed for 
television and related applications. The circuit is com- 
prised of 2 independent functions: a sound IF and 
an audio power amplifier. An improved volume control 
circuit is included, however, so that recovered audio is a 
linear function of the resistance of the control po- 
tentiometer. Audio power amplification is accomplished 
with circuitry similar to the popular LM380 audio 
power amplifier, featuring both short circuit and thermal 
protection. 


■ Minimum undistorted output 

LM2808 — 0.5W 

■ Linear volume control — 75 dB range 

■ Fixed voltage gain in audio amplifier 

■ Short circuit and thermal protection 


Schematic Diagrams (For power amplifier section of schematic, see next page) 

6 



IF and Detector 
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Storage Temperature Range -65° C to +150°C 

20V Operating Temperature Range 0°Cto+70°C 

50 mA Maximum Junction Temperature 150°C 

3 Vp-p Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics (See test circuit) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

P 0 @ 10%THD 






LM2808 

Vcc = 16V, R|_ = 8n 


[ 2.6 


W 


Vcc = 14V, R L =8 n 


1.9 


w 


Vcc = 12V, R L =8£2 


1.3 


w 

Feedthrough Signal (Pin 1) 

R Pin 7 = 012 



15 

mVrms 

Current into Pin 6 

V Pin 6= 10V 

7 

10.8 

15 

mA 

AM Rejection 

V|[\i = 10 mVrms, 

Af = 25 kHz, AM = 30% 

40 



dB 

Recovered Audio (Pin 8) 


350 

500 


mVrms 

Input Limiting Voltage at 4.5 MHz 



200 

400 

/iV 

Audio Power Amp Voltage Gain 
(Pin 16 to Pin 1) 


40 


60 

V/V 

Output Noise, Input Signal Removed 
(Pin 1) 

R Pin 7 = OH 


70 

150 

mVrms 

Distortion (Pin 8) 

AF = 25 kHz, f 0 = 4.5 MHz 


1.2 

2 

% 

Distortion (Pin 1) 






LM2808 

P 0 = 0.5W, R|_ = 8n 


1.2 

2 

% 

Input Impedance (Pin 16) 


50 

200 


kn 

Current into Pin 2 (Zero Audio Output 

at Pin 1) 

V2 = 24V 

2 

5 

20 

mA 


Absolute Maximum Ratings 

Supply Voltage, Vcc (Pin 2) 

LM2808 

Input Current, IMAX (Pin 6) 

Input Signal Voltage (Between Pins 12 and 13) 


Schematic Diagrams (Continued) 


2 
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Connection Diagram 


Television Sound System 


Dual-In-Line Package 
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PWR LEVEL 
AUDIO AUDIO 
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Order Number LM2808N 
See NS Package N18A 


LM2808 









LM2808 



11-40 






Test Circuit 1 

Correction Voltage Test Circuit 


Test Circuit 2 
DC Parameter Test Circuit 


LM3064 



LM3064 


Absolute Maximum Ratings 


Power Dissipation (Note 1) 
Operating Temperature Range 
Storage Temperature Range 
Power Supply Current 


715 mW 
-40° C to +85° C 
-65° C to +150°C 
50 mA 


Electrical Characteristics <t a = 25 °ct 


STATIC 

Device Dissipation 


V CC = 30V;R S = 1.5k 


Zener Regulating Voltage V 10 

Quiescent Current 

into Pin 2 2 

Quiescent Voltage 

at Pin 4 4 

Quiescent Voltage 

at Pm 5 Vb 

Output Offset Voltage 
between Pins 4 & 5 45 

DYNAMIC - Output Voltage vs Frequency Deviation AFT 


Correction Control 
Voltage at Pin 4 


V CC = 30V; R s = 1.5k 


V cc = 30V; R s = 1.5k 


V cc = 30V; Rg ,= 1.5k 


V cc = 30V; R s = 1.5k 


V C c = 30V;R s = 1.5k 


V cc = 30 V; F 
V,= 18 mV 


Correction Voltage 
as Shown Below 


Correction Control 
Voltage at Pin 5 
See Curves 


Note 1: For operation in ambient temperatures above 25° C, the device must be derated based on a 150°C maximum junction 
temperature and a thermal resistance of 175°C/W junction to ambient. 


Correction Control Voltage 


-0.030 -0.020 +0.010 +0.030 

-0.010 45.750 +0.020 

INPUT FREQUENCY DEVIATION (MHz) 


Coil Winding Data 



INPUT FREQUENCY DEVIATION (MHz) 


COIL DATA FOR DISCRIMINATOR WINDINGS 
Li - Discriminator Primary: 3-1/6 turns; No. 20 
Enamel-covered wire-close-wound, at bottom of 
coil form. Inductance of L t = 0.165/zH; Q 0 = 120 
at f 0 = 45.75 MHz. 

Start winding at Terminal No. 6; finish at Ter- 
minal No. 1. See Notes below. 

L 2 - Tertiary Windings: 2-1/6 turns; No. 20 
Enamel-covered wire-close- wound over bottom 
end of Li. Start winding at Terminal No. 3; finish 
at Terminal No. 4. See Notes below. 

L3 — Discriminator Secondary: 3-1/2 turns; 
center-tapped, space wound at bottom of coil form. 
Inductance of L 3 = 0.180 /jH; Q q = 150 at f 0 = 
45.75 MHz. 

Start winding at Terminal No. 2; finish at Ter- 
minal No. 5, connect center tap to Terminal No. 7. 
See Notes . 


Note 1 : Coil Forms; Cylindrical; —0.30” dia. max. 
Note 2: Tuning Core: 0.250” dia. x 0.37” length. 
Material: Carbinal J or equivalent. 

Note 3: Coil Form Base: See drawing below. 

Note 4: End of coil nearest terminal board to be 
designated the winding start end. 


L, is aligned for symmetrical bandwidth 
on either side of 45.750 MHz. 



L 2 tertiary winding wound on L 1 coil form. 

L 3 is aligned for zero differential output 
between terminals 4 and 5 at f 0 = 45.750 MHz. 
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TBA440C Monolithic Video IF Amplifier 


General Description 

The TBA440C is a monolithic video IF amplifier for 
color and monochrome television receivers. 

The circuit includes three IF amplifier stages, a balanced 
video IF detector end a oated AGC cer+irm for the IF 
amplifier and PNP tuner. 


Features 

■ High gain— high stability 

■ Minimal noise increase, incurred by use of AGC 

■ Minimum RF breakthrough to video outputs 

■ Fast AGC action— gating largely independent of pulse 
shape and amplitude 

■ Very low intermodulation products 

■ Positive and negative video signals are available from 
low impedance outputs 

■ Integrated temperature compensating circuit 


Connection Diagram 


Test Circuit 


Dual-In-Line Package 



Order Number TBA440C 
See NS Package N16A 

Order Number TBA440CQ 
See NS Package N16C 


Vcc 
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Absolute Maximum Ratings 






Supply Voltage 

Current Into Pin 14 

Power Dissipation 

Maximum Resistance Between Pins 8 and 9 
Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

15V 

50 mA 

700 mW 

200 

-25° C to +70°C 
-65°C to +150°C 

300° C 





Electrical Characteristics (Ta = 25°C, Vcc = 13 V, 1 14 = 40 mA, unless otherwise specified) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 


h3 

Current Consumption 

< 

GJ 

II 

cn 

< 

14.5 

17.5 

20.5 

mA 

V14 

Internal Supply Voltage 

1 14 = 40 mA, V | (\j = 0 

5.5 

6.0 

6.8 

V 

VII 

DC Voltage at Output 

< 

11 

0 

5.5 

7 

8.5 

V 

V12 

DC Voltage at Output 


1.7 

3 

4.3 

V 

•5 

Control Current for Tuner AGC 

(10 dB After Beginning of 
the Tuner AGC, V5>2V) 

3 



mA 

V4 

IF Control Voltage for G|\/IAX 


0 


0.5 

V 

V4 

IF Control Voltage for GmIN 


2.5 



V 

V7 

Voltage for AGC Gating Input 


-5 


-2 

V 

R10-11 

Resistance for Output Voltage 

VII = 3 Vp-p 

3 

4 

10 

k O 

hi, h 2 

Available Output Current to 

Ground 




5 

mA 

Ml. j 12 

Available Output Current to Vcq+ 


-1 



mA 

Z1-16 

Input Impedance at GjvjaX 



1.8/2 


kO/pF 

Z1-16 

Input Impedance at Gj\/] | |\j 



1.9/0 


kO/pF 

V|N 

Input Voltage 

VII =2 Vp-p, (Note 1) 


100 


MV 

V|N 

Input Voltage 

VII = 3 Vp-p, (Note 1) 


150 


mV 

BVIDEO Video Bandwidth 



9 


MHz 

Gv 

AGC Range 


50 

55 


dB 


Sound/Chroma Intermodulation 

Products 

(Note 2) 

-40 



dB 

Note 1: 

Note 2: 

RMS of sync tip voltage, see test circuit. 

Sound subcarrier— 24 dB 

Color subcarrier— 2 dB 

• 







11-44 








National 

Semiconductor 


TV Circuits 


TBA510 Chrominance Combination 

General Description 


The TBA510 is an integrated chrominance amplifier 
circuit for color TV receivers incorporating a variable 
gain ACC circuit, a dc control for chroma saturation 


which can be ganged to the receiver contrast control, 
chroma blanking and burst gating functions, a burst 
output stage, a color killer and a PAL delay line driver. 


Connection Diagram 


12V POSITIVE SUPPLY — 
ACC CONTROLINPUT — 

ACC BIAS DECOUPLING — 
4 

CHROMA SIGNAL INPUT — 

COLOR KILLER 5 
SWITCH INPUT 

EMITTER DECOUPLING _1 

NETWORK 
SCREEN _L 
(CONNECT TOGNO) 

OELAY LINE 8 
DRIVER (COLLECTOR) 


Dual-In-Line Package 

i n 1 

jj w in r 


n CHROMA SATURATION 
CONTROL 

21 CHROMA BLANKING 
PULSE INPUT 


12 COLOR BURST 
OUTPUT (EMITTER) 

11 COLOR BURST 

OUTPUT (COLLECTOR) 
10 SCREEN 

(CONNECT TOGNO) 

9 DELAY LINE 
DRIVER (EMITTER) 


Typical Application 


Dual-In-Line Package, Order Number TBA510 
See NS Package N16A 

Quad-In-Line Package, Order Number TBA510Q 
See NS Package N16C 


CHROMA BURST T T 

SATURATION CONTROL OUTPUT TO fl 

VOLTAGE TBA540 22k 


16 15 14 13 12 11 10 9 

TBA510 

1 2 3 4 5 6 7 1 


1.5k 220 

_~10nF 


InF TOO nf I 1 nF | 120 pF 


L 

J_TJL ? 

120 pF 

I i 1 1 

J 

1 390 


"D 


Note: The A.C.C. loop gain can be defined by inserting a suitable resistor between pins 2 8t 3. (Example 22 kn). 
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Absolute Maximum Ratings 






Power Dissipation, (Ta = 60°C) 

VI- 16 

V13-16 

V14-16 

V8-16 

VI I- 16 

'8 = -'9 

111 =-ll2 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

550 mW 

13.2 V 
— 5V 
-5V 

+20V 

+20V 

20 mA 

20 mA 
-20°C to +60°C 
~65°C to +1 50°C 

300° C 





Electrical Characteristics <vi-i6 = i 2 v,t a = 25°c) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

CHROMINANCE SIGNAL (FED IN VIA 1 nF) 

V4-16 Input Voltage Range 


15 


300 


IZ4-1 6 i Input Impedance 


2 

3 



BURST SIGNAL OUTPUT 

V12-16 DC Voltage 



7.7 


V 

V12-16 Output Signal 



1 


Vp-p 

111 Collector Current of Output 

Transistor 



4 

' 

mA 

CHROMINANCE SIGNAL OUTPUT (BURST BLANKED INTERNALLY) 

V9-16 DC Voltage 



6.8 


V 

V9-16 Output Signal (Color Bars) at 

Nominal Saturation and Maximum 

Contrast 



1 


Vp-p 

Range of Contrast and Saturation 

Control 


-30 


+6 

dB 

18 Collector Current of Output 

Transistor 



5 


mA 

ACC INPUT 

V2-1 6 ACC Threshold Voltage 



2.5 



IZ2-16I Input Impedance 


50 




CHROMA-SATURATION CONTROL 

V15-16 Controf Voltage Range 


1.5 




IZ15-16I Input Impedance 


50 


1 


CHROMA BLANKING PULSE 

V14-16 Switching Level 



-1 - 


V 

IZ14-16I Input Impedance 



2 
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Electrical Characteristics (continued) <vi -i6 = 12V, t a = 25 °o 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

BURST GATE PULSE 

VI 3-1 6 

Switching Level 



-2.2 


V 

IZ13-16 1 

Input Impedance 



4 


k n 

COLOR KILLER 

V5-16 

Input Voltage For: 







Color "ON" 


2.3 



V 


Color "OFF" 




1.9 

V 


Signal Suppression at Color "OFF" 



50 


dB 

IZ5-16 1 

Input Impedance 


50 



k n 


Note 1: The phase difference between the chroma and burst outputs at nominal saturation is less than 5°, 
Note 2: Phase shift of chroma output signal over saturation control range +6 to -10 dB is less than 5°. 


Pin Function Description 

1. Positive 12V supply. 

2. ACC control potential input. The potential required 
at pin 2 for maximum gain is about 2.5V; gain reduction 
occurs when this potential is reduced, Z| jsj > 50 k£2. 

3. ACC gain adjustment point. The internal ACC circuit 
consists of a long-tailed pair system. The "cold" side of 
the pair is internally established at a dc potential of 2.5V 
and is brought out on pin 3. This enables a decoupling 
capacitor to be connected. A very high loop gain in the 
ACC system is possible but as this is not necessarily 
desirable, because of stability and ripple considerations, 
a resistor of a suitable value can be connected between 
pins 2 and 3 to reduce the control sensitivity to any 
desired level. 

4. Chroma input signal. The input voltage range is 15 to 
300 mVp-p (26 dB) with a color bar signal. 

5. Color killer switching input. The input impedance is 
greater than 50 k£2. Color "ON" 2.3V; color "OFF" 
1.9V. The chroma signal suppression when killed is 
greater than 50 dB. 

6. Emitter decoupling network. The series network de- 
couples an emitter of an amplifier stage. The value of 
resistance influences the gain of both the chroma channel 
and the burst channel. 

7. Screen. This pin must be connected to pin 10 and 
taken via a direct path to earth. The function of this is to 
minimize crosstalk between burst and chroma channels. 

8. Delay line driver (collector). Supplies the chroma 
signal drive to the delay line driver transformer, the cold 
end of which is connected to +12V. The maximum per- 
mitted voltage excursion at this pin is to 20V peak. 
Maximum ac signal current swing, 12 mAp-p. 

9. Delay line driver (emitter). Supplies the chroma to 
the network which provides the non-delayed signal to 
the delay line output transformer. The emitter is estab- 
lished internally at a potential of 6.8 ±1 V and the external 


network, which must incorporate a resistive dc path to 
earth, must not demand more than 20 mA peak current. 

10. Screen. Connect to pin 7 and then to earth. 

11. Color burst output (collector). If a low impedance 
color burst is required (from the emitter of the color 
burst output, pin 12) pin 11 will be connected to the 
+ 12V supply. The maximum voltage and current excur- 
sions permitted on pin 1 1 are 20V peak and 20 mA peak. 

12. Color burst output (emitter). An external load 
resistor of 2 k£2 is required, connected to earth, and a 
dc potential of 7.7V is established on pin 11 due to the 
internal circuitry. The burst output voltage is 1 Vp-p 
±1 dB over the chroma input signal range of amplitudes. 

13. Burst gate gating pulse. A pulse derived from the 
horizontal flyback pulse can be used as a source of gating 
waveform. A negative-going pulse of not greater than 5V 
amplitude is necessary, the input impedance is 4 k$7 
and the switching is about -2.2V. 

14. Chroma blanking pulse input. A negative-going hor- 
izontal flyback pulse can be used here. Its amplitude 
should not exceed 5V.The input impedance at this pin is 
2 kI2 and the switching level is about -1.0V. This pulse 
is used to blank the burst output from the chroma 
channel. 

15. Chroma saturation control. The dc control voltage 
range required is from 1.5-4.5V (highest gain at -4.5V). 
The input impedance is greater than 50k and a control 
range of from +6 to -30 dB is given. 

16. Negative supply or earth. 

PERFORMANCE COMMENTS 

(a) The phase difference between the chroma and burst 
outputs at nominal saturation is less than 5°. 

(b) Phase shift of chroma output signal over saturation 
control range +6 to -10 dB is less than 5°. 
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TBA530 RGB Matrix Preamplifier 

General Description 

The TBA530 is an integrated circuit for color TV receivers It has been designed to be driven from the TBA990 or 
incorporating a matrix preamplifier for R-G-B cathode or TBA520 synchronous demodulator circuits and exhibits 
grid drive of the picture tube without clamping circuits. excellent channel matching and stability. 


Connection Diagram 

Dual-In-Line Package 



Due! In-Line Peeked. Orde*’ M»mhar trarso 
See NS Package N16A 


Quad-In-Line Package, Order Number TBA530Q 
See NS Package N16C 


Typical Application 



Note 1: DC output voltages R, G and B are typically MOV in this circuit. 

Note 2: The voltage gain between pins 2, 3, 4 and collectors (BF336) is typically 100. 

Note 3: The normal bias voltage on pins 1, 1 1, 14 is 8V. 

Note 4: Pin 7 requires a 4.7 nF decoupling capacitor. 

Note 5: DC bias level shift, provided by internal zeners between pins 1-16, 14-13 and 1 1-10, requires 
10 nF bypass capacitors for H.F. 
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Absolute Maximum Ratings 

V8-6 13.2 V 

h, hi, h4 10 mA 

h0»h3»h6 50 mA 

Power Dissipation (Ta = 60°C) 400 mW 

Operating Temperature Range -20°C to +60°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics 

Measuring Conditions: Black Level: Vr.y = Vq-Y = V B -Y = 7.5V, Vy = 1 .5V, V8-6 = 12V, Ta = 25°C 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 


Ratio of Gain of Luminance 

As Measured in Application 

0.9 


1.1 



Amplifier to Color Amplifiers 

Circuit 





R2-6 

Input Resistance of Color 

1 kHz 


60 


kn 

R3-6 

Difference Amplifiers 



60 


k£2 

R4-6 




60 


k n 

C2-6 

Input Capacitance of Color 

1 MHz 


3 


PF 

C3-6 

Difference Amplifiers 



3 


pF 

C4-6 




3 


PF 

R5-6 

Input Resistance of Luminance 

1 kHz 


20 


k£2 


Amplifier 






C5-6 

Input Capacitance of Luminance 

1 MHz 


10 


pF 


Amplifier 






B 

Bandwidth of all Channels 

3dB 


6 


MHz 

*8 

Total Current Drain 



30 


mA 

17 

Bias Current 



2.5 


mA 


Schematic Diagram 
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Pin Function Description 


The function is quoted against the corresponding pin 
number. 

1. Output load resistor, blue signal. (Also pins 11 and 
14 for red and green signals respectively.) Resistors 
(47 kfi, 1W) connected to +200V provide the high value 
loads for the internal amplifying stages. The nominal 
operating potential on these pins is defined by the 1C 
and dc feedback and is approximately +8V. The maxi- 
mum current which can be allowed at each of these 
pins is 10 mA. 

2. — (B-Y) input signal. This signal is fed via a low-pass 
filter from the TBA520 demodulator 1C (pin 7) having 
a dc level of about +7.5V. The input resistance for this 
pin is typically 60 k£2 with an input capacitance of less 
than 5 pF (similarly for pins 3 and 4). 


3. -(G-Y) input signal. The dc black level of this signal 
is about +7.5V. (See pin 2.) 


4. ~(R-Y) input signal. The dc black level of this signal is 
about +7.5V. (See pin 2.) 


5. Luminance signal input. The dc level on this pin for 
picture black is +1.6V. The required signal amplitude is 
IV black-to-white with negative-going syncs (or blanking) 
for cathode drive as shown. The input resistance at this 
pin is 20 k£2 approximately with a capacitance of less 
than 15 pF. 

6. Negative supply (earth). 


7. Current feed point. A current of approximately 2.5 
mA is required at this pin, fed via a 3.9 k£2 resistor from 
+12V, to bias the internal differential amplifiers. A de- 
coupling capacitor of 4.7 nF is necessary. 


8. Positive 12V supply. Maximum supply voltage per- 
mitted, 13.2V. Current consumption approximately 
30 mA. 


9. Red channel feedback (green channel, pin 12; blue 
channel, pin 15). The dc working points and gains of 
both the output stages and the 1C amplifier stages are 
stabilized by the feedback circuits. The black level po- 
tentials at the collectors of the output stages (tube 
cut-of*) are adjusted by setting correctly the dc levels of 
the color difference signals produced by the TBA520 
demodulator 1C. The gains of the R-G-B output stages 
are adjusted to give the correct white points setting on 
the picture tube by adjusting the potentiometers in the 
feedback paths (VR1, VR2). (See notes on setting up 
decoder.) 


10. Red signal output (green and blue signal outputs on 
13 and 16). These pins are internally connected with 
pins 11,14 and 1 respectively via zener type junctions to 
give a dc level shift appropriate for driving the output 
transistor bases directly. To bypass the zener junctions 
at h.f. three 10 nF capacitors are required. 


11. Output load resistor, red channel (see pin 1). 


12. Green channel feedback (see pin 9). 


13. Green signal output (see pin 10). 


14. Output load resistors, green channel (see pin 1). 


15. Blue channel feedback (see pin 9). 


16. Blue signal output (see pin 10). 


Note 1: Careful attention to earth paths should be given, avoid- 
ing common impedances between the input (decoder) side and 
the output stages. Also, to enable matched performance to be 
achieved, a symmetrical board and component layout should be 
adopted for the three output stages. To compensate for the 
effect upon h.f. response of inevitable differences the compen- 
sating capacitors Cl and C2 and C3 may be appropriately selected 
for any given board layout. 

Note 2: The signal black level at the collectors of the R-G-B 
output stages depends upon the +12V supply, the dc level of the 
color difference signals from the TBA520 demodulator 1C and 
the black level potential of the luminance signal applied to the 
TBA530 matrix 1C. The dc levels of the signals produced and 
handled by the IC's are designed to have approximately propor- 
tional tracking with the 12V supply potential. 


AV (dc level, signal) v nom (dc level, signal) 
i.e., - 

AV 12 v 12 


To ensure that changes in picture black level due to variations on 
the 12V supply to the IC's occur in a predictable way, all the 
IC's should be operated from a common supply line. This is 
specially important for the TBA520 and TBA530. Furthermore, 
to limit the changes in picture black level during receiver opera- 
tion, the 12V supply should have a stability of not worse than 
±3% due to operational variations. 


Note 3: To reduce the possibility of patterning on the picture 
due to radiation of the harmonics of the products of the demod- 
ulation process, the leads carrying the drive signals to the picture 
tube should be as short as the receiver layout will allow. Resistors 
(typically Ik 5ft) connected in series with the leads and mounted 
close to the collectors of the output transistors provide useful 
additional filtering of harmonics. 
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TBA540 Reference Combination 


General Description 


The TBA540 is an integrated 'color reference' oscillator 
circuit for PAL TV receivers. The oscillator employs a 
quartz crystal and incorporates automatic phase and 
amplitude control. A synchronous demodulator is used 
to compare the phase and amplitude of the swinging 


Connection Diagram 


Dual-ln-Line Package 


OSCILLATOR J. 
FEEDBACK INPUT 
FREQUENCY _2_ 
CONTROL FEEDBACK 



— 'I DC CONTROL POINTS 
,, | FOR OSCILLATOR 
LLJ PHASE CONTROL LOOP 

2 ACC LEVEL SETTING 
“ (SEE ALSO PIN 10) 


0 ACC LEVEL SETTING 
“(SEE ALSO PIN 12) 


burst ripple with the PAL flip-flop waveform and gen- 
erates appropriate ACC color killer and identification 
signals. A high standard of noise immunity has been 
obtained by using synchronous demodulation. 


Dual-ln-Line Package, Qrder Number TBA540 
See NS Package N16A 


Quad-In-Line Package, Order Number TBA540Q 
See NS Package N16C 


Typical Application 


m 


Sib 



11-52 







Absolute Maximum Ratings 

V3-16 13.2 V 

Power Dissipation (T/\ = 60°C) 780 mW 

Operating Temperature Range -20°C to +60°C 


Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Electrical Characteristics (V3-16 = 12V, Ta = 25°C as measured in typical application circuit) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 


Output Signals 






V4-16 

B-Y Reference Signal Output 


1 

1.4 

2 

Vp-p 

V7-16 

Color Killer Output 







Color "ON" 



12 


V 


Color "OFF" 



100 

250 

mV 

V9-16 

ACC Output Signal Range 







At Correct Phase of PAL Switch 



4 to 0.2 


V 


At Incorrect Phase of PAL 

Switch 

' 


4 to 11 


V 


Oscillator Section (Amplifier) 






R15-16 

Input Resistance 



3.5 


k.O. 

C15-16 

Input Capacitance 



5 


PF 

G15-1 

Voltage Gain 



4.7 




Reactance Control Section 






G15-2 

Voltage Gain With Pins 13 and 

14 Shorted 



1.3 



AG 15-2 

Rate of Change of Gain G15-2 



5 


rad~^ 

A05-4 

With Phase Difference Between 







Burst and Reference Signal 







Burst Input 






R5-16 

Input Resistance 



1 


k!2 


Burst Input Level 


0.7 

1.5 


Vp-p 


Flip-Flop Input 






V8-16 

Voltage 



2.5 


Vp-p 

R8-16 

Resistance 



3.3 


k!2 


Phase Lock Loop 







Oscillator Phase Error for a Burst 

Signal 

Crystal Frequency 1400 Hz 



±10 

DEG 


Holding Range 



±600 


Hz 


Pull-in Range 



±300 


Hz 


Temperature Coefficient of 

Oscillator 




2 

Hz/°C 


Application Notes 


A dc connection between pins 4 $nd 6 is necessary via 
the bifilar coupling inductor. The function of this in- 
ductor is to produce, on pin 6, a signal of equal amplitude 
and opposite phase (B-Y) to that on pin 4. A center tap 
on the inductor, connected to earth via a dc blocking 
capacitor, is therefore necessary. 

DC Control Points in Reference Control Loop 

Pins 13 and 14 are connected to opposite sides of a 
differential amplifier circuit and are brought out for the 
purpose of dc balancing of the reactance stage and the 
connection of the bandwidth— determining filter network. 
Two 2% tolerance 10k resistors with the addition of a 
27012 resistor at pin 13 are used in place of the previous 


balancing network. The 27012 resistor may be modified 
according to the nature of the noise that appears at pin 5. 

Initial Adjustment 

(a) Remove burst signal. 

(b) Short-circuit pins 13-14. Adjust oscillator to correct 
frequency by Cl. 

(c) Set the ACC level adjustment RV1, to give +4V on 
pin 9. Remove short circuit. 

(d) Apply burst signal. 

(e) Adjust ACC gain, R V2, to give a burst amplitude of 
1 .5Vp-p on pin 5. 
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Pin Function Description 

1. Oscillator feedback output. The crystal receives its 
energy from this pin. The output impedance is approxi- 
mately 2 k£2 in parallel with 5 pF. 


2. Reactance control stage feedback. This pin is fed 
internally with a sinewave derived from the reference 
output (pin 4) and controlled in amplitude by the internal 
reactance control circuit. The phase of the feedback 
from pin 2 to the crystal via Cl is such that the value of 
Cl is effectively increased. Pin 2 is held internally at a 
very low impedance, therefore the tuning of the crystal 
is controlled automatically by the amplitude of the feed- 
back waveform and its influence on the effective value 
of Cl. 


3. Positive 12V supply. The maximum voltage must not 
exceed 13.2V. 


4. Reference waveform output. This pin is driven in- 
ternally by the regenerated subcarrier waveform in 
B-Y phase. (The output is in B-Y rather than R-Y phase 
as the burst phase network produces a lag of 90° of the 
burst applied to pin 5). An output amplitude of nominally 
1.4Vp-p is produced at low impedance. No dc load to 
earth is required. A dc connection between pins 4 and 6 
is, however, necessary via the bifilar coupling inductor. 
The function of this inductor is to produce, on pin 6, a 
signal of equal amplitude and opposite phase (-(B-Y)) 
to that on pin 4. A center tap on the inductor, con- 
nected to earth via a dc blocking capacitor, is therefore 
necessary. 


5. Burst waveform input. A burst waveform amplitude 
of 1.5Vp-p is required to be ac-coupled to this pin. The 
amplitude of the burst will normally be controlled by 
the adjustment and operation of the ACC circuit. The 
input impedance at this pin is approximately 1 kf2 and a 
threshold level of 0.7V must be exceeded before the 
burst signal becomes effective. A dc bias of 400 mV is 
internally derived for pin 5. 

The absolute level of the tip of the burst at pin 5 will 
normally reach 1.5V (1.5Vp-p burst amplitude). 


6. Reference waveform input. This pin requires a ref- 
erence waveform in the -(B-Y) phase, derived from pin 4 
via a bifilar transformer (see pin 4), to drive the internal 
balanced reactance control stage. A dc connection be- 
tween pins 4 and 6 must be made via the transformer. 


7. Color killer output; This pin is driven from the 
collector of an internal switching transistor and requires 
an external load resistor (typically 10k£2) connected to 
+12V. The unkilled and killed voltages on this pin are then 


+12V and < 250 mV respectively. (The voltage range on 
pin 9 over which switching of the color killed output on 
pin 7 occurs is nominally +2.5V.) 


8. PAL flip-flop square wave input. A 2.5Vp-p square 
wave derived from the PAL flip-flop (in the TBA520 or 
TBA990 demodulator 1C) is required at this pin, ac- 
coupled via a capacitor. The input impedance is about 
3.3 kft. 


9. ACC output. An emitter follower provides a low 
impedance output potential which is negative-going with 
a rising burst input amplitude. With zero burst input 
signal the dc potential produced at pin 9 is set to be 
+4V (RV1). The appearance of a burst signal on pin 5 
will cause the potential on pin 9 to go in a negative 
direction in the event that the PAL flip-flop is identified 
to be in the correct phase. The range of potential over 
which full ACC control is exercised at pin 9 is deter- 
mined by the control characteristic of the ACC amplifier, 
i.e., for the TBA560 from 0.8 to IV. The potential on 
pin 9 will fall to a value within this range as the burst 
input signal is stabilized to an amplitude of 1.5Vp-p. 
The latter condition is achieved by correct adjustment 
of RV2. If, however, the PAL flip-flop phase is wrong 
the potential on pin 9 will move positively. The potential 
divider R5, R6 will then operate a PAL switch cut-off 
function in the TBA520 demodulator 1C. 


10. ACC level setting. The network connected between 
pins 10 and 12 balances the ACC circuit and RV1 is 
adjusted to give +4V on pin 9 with no burst input signal 
to pin 5. C5 provides filtering. 


1 1 . ACC gain control. RV2 is adjusted to give the correct 
amplitude of burst signal on pin 5 (1.5 Vp-p) under ACC 
control. 


12. See pin 10. 


13. See pin 14. 


14. DC control points in reference control loop. Pins 
13 and 14 are connected to opposite sides of a differen- 
tial amplifier circuit and are brought out for the purpose 
of dc balancing of the reactance stage and the connection 
of the bandwidth-determining filter network. Two 2% 
tolerance 10k resistors with the addition of a 270£2 
resistor at pin 13 are used in place of the previous 
balancing network. The 270£2 resistor may be modified 
according to the nature of the noise that appears at pin 5. 

The filter network consists of R2, C2, C3 and C4. The 
dc potentials on these pins are nominally +6V. 
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TBA560C 



National 

Semiconductor 


TV Circuits 


TBA560C Luminance and Chrominance Control 
Combination 


General Description 

The TBA560C is an integrated circuit for processing and 
controlling luminance and chrominance signals in PAL 
TV receivers. 

The luminance amplifier comprises: 

■ DC contrast control 

■ Brightness control 

■ Black level clamping 

■ Blanking of flyback 

■ Input matched to the luminance delay line 


The chrominance amplifier comprises: , 

■ Gain-controlled amplifier 

■ DC chroma gain control tracked with contrast control 

■ Separate dc saturation control 

■ PAL delay line driver 

■ Burst gate 

■ Color killer 

■ Chroma signal flyback blanking 


Connection Diagram 


Dual-ln-Line Package 
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Absolute Maximum Ratings (Note d 





V1 1-16 

13.2V Iq 




-10 mA 

V8-16Min. 

-5V Continuous Total Power Dissipation 

550 mW 

V10-16 Min. 

-5V Operating Free Air Temperature Range -20° C to +60 C 

V12-16 

-5V to +6V Storage Temperature Range 

-65 C tb + 150 C 

V13-16 -3V to +6.5V Lead Temperature (Soldering, 10 seconds) 

300 C 

V14-16 Min. 

-t5V 





Electrical Characteristics With V11-16 = 12V, Ta = 25°c (as measured in typical application circuit) 


PARAMETFR 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VI -15 Chrominance Input Signal Range 


4 


80 

mVp-p 

(Value of Color Bars With 75% 

Saturation) 






I3 Luminance Input Current 



0.5 

1.5 

mAp-p 

Black to White 






V2-16 Contrast Control Characteristic 

Full Gain 


5.6 


V 


6 dB Attenuation 


3.7 


V 


20 dB Attenuation 


2.0 


V 


(Note 2) 





V6-16 Brightness Control Voltage for 

(Note 3) 


1.3 


V 

Black Level of 1.5V at Pin 5 






V8-16 Flyback Blanking Pulses 






V8-16 For 0V Blanking Level at Pin 5 


0 

-0.5 

-1 

Vp-p 

For 1.5V Blanking Level at Pin 5 


-2 

-2.5 

-3 

Vp-p 

VI 3-1 6 Saturation Control Characteristic 

Full Gain 


6.2 


V 


6 dB Attenuation 


4.4 


V 


20 dB Attenuation 

(Note 2) 


2.7 


V 

|-|0 Burst Gating Pulse 


0.05 


, 1 

mAp-p 

VI 3- 16 Color Killer 


0.5 


1 

V 

Automatic Chrominance Control 






V14-16 Voltage for Maximum Gain 



1.2 


V 

Voltage for Minimum Gain 



0.5 


V 

Gain Reduction 



26 


dB 

Input Resistance 


50 



kft 

V5-16 Luminance Output Voltage (Black- 

(Note 2) 


1 

3 

Vp-p 

White) at Nominal Contrast and 

Input Current as above 

Black Level Shift Due to Changes 

of Contrast and Video Content at 

Constant Brightness Setting 




100 

mV 

V7-16 Burst Output 



1 



V9-16 Chrominance Output at Nominal 

(Note 2) 


1 



Contrast and Saturation 






3 dB Bandwidth of Chrominance 



5 



and Luminance Amplifier, 

Matching of Luminance to 

Chrominance Ratio at 10 dB 

Contrast Control 




2 


Note 1: V2-16 and V13-16 must always be lower than V1 1-16. 





Note 2: Typical or nominal contrast or saturation = maximum value —6 dB. Thus the control is +6 to - 

14 dB on the nominal. 


Note 3: When V6-16 is increased above 1.7V the black level of the output signal remains at 2.7V. 
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TBA560C 


Pin Function Description 


1. Balanced chroma signal input (in conjunction with 
pin 15). This is derived from the chroma signal bandpass 
filter, designed to provide a push-pull input. An input 
signal amplitude of at least 4 mVp-p is required between 
pins 1 and 15. Both pins require a dc potential of approx- 
imately +3.0V. This is derived as a common mode signal 
from a network connected to pin 7 (burst output). In 
this way dc feedback is provided over the burst channel 
to stabilize its operation. All figures for the chrominance 
signal are based on a color bar signal with 75% satura- 
tion; i.e., burst-to-chroma ratio of input signal is 1:2. 


2. DC contrast control. With +3.7V on this pin, the gain 
in the luminance channel is such that a 0.5 mA black-to- 
white input signal to pin 3 gives a luminance output 
signal amplitude on pin 5 of IV black-to-white. A 
variation of voltage on pin 2 between +5.6V and +2V 
gives a corresponding gain variation of +6 to > -14 dB. 
A similar variation in gain in the chroma channel occurs 
in order to provide the correct tracking between the two 
signals. Beam current limiting can be applied via the 
contrast control network as shown in the peripheral 
circuit, when a separate overwind is available on the line 
output transformer. 


3. Luminance signal input. This terminal has a very low* 
input impedance and acts as a current sink. The lum- 
inance signal from the delay line is fed via a series 
terminating resistor and a dc blocking capacitor and 
requires to be about 0.5 mAp-p amplitude. A dc bias 
current is required via a 12 k£2 resistor to the +12V line. 


4. Charge storage capacitor for black level clamp. 


5. Luminance signal output. An emitter follower pro- 
vides a low impedance output signal of IV black-to-white 
amplitude at nominal contrast setting having a nominal 
black level in the range 0 to +2.7V. An external emitter 
load resistor is required, not less than 1 k£2. If a greater 
luminance output is required than IV, with normal 
control settings, the input current swing at pin 3 should 
be increased in proportion. 


6. Brightness control. Over the range of potential +0.9 to 
+ 1.7V the black level of the luminance output signal 
(pin 5) is increased from 0 to +2.7V. The output signal 
black level remains at +2.7V when the potential on pin 6 
is increased above +1 ,7V. 


7. Burst output. A 1 Vp-p burst (controlled by the ACC 
system) is produced here. Also, to achieve good dc 
stability by negative feedback in the burst channel the 
dc potential at this pin is fed back to pins 1 and 15 via 
the chroma input transformer. 


8. Flyback blanking input waveform. Negative-going 
horizontal and vertical blanking pulses may be applied 
here. If rectangular blanking pulses of not greater than 
-IV negative excursion, or dc coupled pulses of similar 
amplitude whose negative excursion is at zero volts dc are 
applied, the signal level at the luminance output (pin 5) 
during blanking will be 0V. However, if the blanking 
pulses applied to pin 8 have an amplitude of -2 to-3V 
the signal level at the luminance output during blanking 
will be +1.5V. The negative pulse amplitude should not 
exceed -5V. 


9. Chroma signal output. With a 1 Vp-p burst output 
signal (pin 7) and at nominal contrast and saturation 
setting (pins 2 and 13) the chroma signal output ampli- 
tude is 1 Vp-p. An external network is required which 
provides dc negative feedback in the chroma channel via 
pin 12. 


10. Burst gating and clamping pulse input. A positive 
pulse of not lesfc than 50jUA is required on this pin to 
provide gating in the burst channel and luminance channel 
black-level clamp circuit. The timing and width of this 
current pulse should be such that no appreciable en- 
croachment occurs into the sync pulse or picture line 
periods during normal operation of the receiver. 


11. +12V LT supply. Correct operation occurs within 
the range 10.8 to 13.2V. All signal and control levels 
have a linear dependency on supply voltage but, in any 
given receiver design this range may be restricted due 
to considerations of tracking between the power supply 
variations and picture contrast and chroma levels. The 
power dissipation must not exceed 550 mW at 60°C 
ambient temperature. 

12. DC feedback for chroma channel (see pin 9). 

13. Chroma saturation control. A control range of +6 
to > -14 dB is provided over a range of dc potential on 
pin 13 from 6.2 to 2.7V. Color killing is also achieved 
at this terminal by reducing the dc potential to less than 
+ 1 V, e.g., from the TBA540 color killer output terminal. 
The minimum “kill factor” is 40 dB. 


14. ACC input. A negative-going potential gives an ACC 
range of about 26 dB starting at +1.2V. From IV to 
800 mV the steepest part of the characteristic occurs, 
but a small amount of gain reduction also occurs from 
800 mV to 500 mV. The input resistance is at least 50 k£2. 

15. Chroma signal input (see pin 1). 

16. Negative supply, 0V (Earth). 
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KM National 
Jtit Semiconductor 

TBA920/TBA920S Line Oscillator Combination 


TV Circuits 


General Description 

The TBA920 is a monolithic integrated circuit intended 
^ for TV receivers with transistor-thyristor- or valve 
equipped output stages. 

It combines the following functions: 

■ Noise gated sync separator 

■ Phase comparison between sync pulse and oscillator 


■ Line oscillator 

■ Loop gain and time constant switching (also for video 
recorder applications) 

■ Phase comparison between line-flyback pulse and 
oscillator 

■ Output stage for driving a variety of line output stages 


Connection Diagram 


Dual-ln-Line Package 


POSITIVE SUPPLY 
OUTPUT 
PHASE CONTROL INPUT 


Dual-ln-Line Package, Order Number TBA920 or TBA920S phase discriminator 
See NS Package N16A output 


Quad-In-Line Package, Order Number TBA920Q 
See NS Package N16C 


OUTPUT 

FLYBACK PULSE INPUT — 

SYNC PHASE 6 
COMPARATOR INPUT 
SYNC SEPARATOR J_ 
OUTPUT 

SYNC SEPARATOR JL 
INPUT 



[5. OSCILLATOR 
CURRENT CONTROL 

— OSCILLATOR CAPACITOR 
13 

— BIAS DECOUPLING 

— CONTROL VOLTAGE 

— TIME CONSTANT ADJUST 

1 SYNCHRONIZATION-DETECTOR 
TIME CONSTANT 


Typical Application 


SYNC PULSES 

XT 
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Absolute Maximum Ratings 

VI-16 


12 (Mean) 
12 (Peak) 
15 , < 7 , 19 


13.2V Operating Temperature Range -20°C to +60°C 

20 mA Storage Temperature Range -65°C to +150°C 

200 mA Lead Temperature (Soldering, 10 seconds) 300°C 

10 mA Power Dissipation (Ta = 60°C) 600 mW 


Electrical Characteristics at VI-16 = 12V, Ta = 25°C as measured in application circuit 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

h 

Current Consumption 

' 

l 2 = 0 


36 


mA 


Video Signal 






VI 

Input Voltage Range 


1 


7 

Vp-p 

IQ 

Input Current During Sync Pulse 



100 


ma 


Noise Gating (Pin 9) 






V9-16 

Input Voltage (Peak Value) 


0.7 



V 

19 

Input Current (Peak Value) 


0.03 


10 

mA 


Flyback Pulse (Pin 5) 






V5-16 

Input Voltage (Peak Value) 



±1 


V 

'5 

Input Current (Peak Value) 


0.05 

1 


mA 

R5-16 

Input Resistance 



400 


n 

*5 

Pulse Duration at 15,625 Hz 


10 



MS 


Composite Sync Pulses (Positive: Pin 7) 






V7-16 

Output Voltage 



10 


Vp-p 


Output Resistance 






R7-16 

At Leading Edge of Pulse (Emitter 

Follower) 



50 


n 

R7-16 

At Trailing Edge 



2.2 , 


k£2 

R7-16 (ext) 

Additional External Load Resistance 


2 



kfi 


Driver Pulse (Pin 2) 






V2-16 

Output Voltage 



10 


Vp-p 

'2 

Average Output Current 




20 

mA 

12 

Peak Output Current 





mA 

t2 

Output Pulse Duration When 

Synchronized 


12 


32 

A/s 

to tot 

Permissible Delay Between Leading Edge 
of Output Pulse and Flyback Pulse at tg = 12jus 


0 


15 

US 

VI-16 

Supply Voltage at Which Output Pulses 

are Obtained 


4 



V 


Oscillator 



l 



fo 

Frequency; Free Running 

R15-16= 3.3 k ft, (Note 1) 


b5,625 


Hz 

Af 0 

Spread of Frequency at Nominal Values 




±5 

% 

fo 

of Peripheral Components 






lAfol 

Frequency Change When Decreasing the 




10 

% 

1 *o 1 

Supply Down to Minimun 4V 






5f 0 /5V P 

Influence of Supply Voltage on Frequency 




5 

% 

fo/ Vpnom 

at Vp = 12V 






5f 0 /5l 15 

Frequency Control Sensitivity 



16.5 


Hz/At A 


Control Loop 1 (Between Sync Pulse 
and Oscillator) 






V12-16 

Control Voltage Range 




5.5 

V 


Control Current (Peak Values) 






'12M 


V10-16 > 4.5V, V6-16 > 1.5V 


±2 


mA 

f 12M 


V10-16 < 2V, V6-16> 1.5V 


±6 


mA 
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TBA920/TBA920S 


Electrical Characteristics (Continued) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 


Loop Gain of APC System 






At 

Time Coincidence Between Sync Pulse 



1 


kHz/jus 

At 

and Flyback Pulse or V10-16> 4.5V 






Af 

No Time Coincidence or V10-16< 2V 



3 


kHz/ns 

At 







Af 

Catching and Holding Range 

(Note 2) 


±1 


kHz 

t 

Pull-in Time 

Af/f 0 = ±3% (Af = 470 Hz) 


20 


ms 

t 

Switch-over From Large Control 

Sensitivity to Small Control Sensitivity 

After Catching 



20 


ms 


Control Loop II (Between Flyback Pulse 
and Oscillator) 






*d tot 

Permissible Delay Between Leading Edge 
of Output Pulse (Fin 2) and Leading Edge 
of Flyback Pulse 


0 


15 

Ms 

al 

Static Control Error 

(Note 3) 



0.5 

% 

Atd 

Overall Phase Relation 






t 

Phase Relation Between Leading Edge of 
Sync Pulse and Middle of Flyback Pulse 

(Note 4) 


4.9 


VS 

1 At 1 

Tolerance of Phase Relation 

(Note 5) 



1 

vs 

Af 

Spread of Frequency at Nominal Values of 






fo 

Peripheral Components 







TBA920 




±5 

% 


TBA920S 




±2 

% 

V3-16 

Voltage 

t2 = 1 2ps 


6 


V 

V3-16 


ti = 32ps 


8 


V 

'3 

Input Current 




2 

ma 


Time Constant Switch Voltage on Pin 10 






V10-16 


For Internal R11 = 1 500 

4.5 



V 

V10-16 


For Internal R11 = 2 k£2 



2 

V 


Note 1: The oscillator frequency can be changed for other TV standards by an appropriate value of C14-16. 

Note 2: Adjustable with R 1 2-1 5. 

Note 3: The control error is the remaining error in reference to the nominal phase position between leading edge of the sync pulse and the middle 
of the flyback pulse caused by a variation in delay of the line output stage. 

.Note 4: This phase relation assumes a luminance delay line with a delay of 500 ns between the input of the sync separator and the drive to the 
picture tube. If the sync separator is inserted after the luminance delay line or if there is no delay line at all (black-and-white sets), then the phase 
relation is achieved by C5-16 = 560 pF. 

Note 5: The adjustment of the overall phase relation and consequently the leading edge of the output pulse at pin 2 occurs automatically by the 
control loop II or by applying a dc voltage to pin 3. 
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!gj National 


TV Circuits 


Semiconductor 

TBA950-2 Television Signal Processing Circuit 

General Description 


The TBA950-2 is a monolithic integrated circuit for 
pulse separation and line synchronization in TV receivers 
with transistor output stages. 

The TBA950 comprises the sync separator with noise 
suppression, the frame pulse integrator, the phase com- 
parator, a switching stage for automatic changeover of 


noise immunity, the line oscillator with frequency range 
limiter, a phase control circuit and the output stage. 

It delivers prepared frame sync pulses for triggering the 
frame oscillator. The phase comparator may be switched 
for video recording operation. Due to the large scale of 
integration, few external components are needed. 


Connection and Block Diagrams 


Dual-ln-Line Package 


LINE 0/P DRIVE 


SYNC SEPARATOR I/P 
COMPOSITE SYNC 0/P 
FRAME SYNC 0/P 



— LINE FREQUENCY PRESET 

— LINE FREQUENCY CAPACITOR 
~ PHASE CONTROL CAPACITOR 

— PHASE PRESET 

— LINE FLYBACK PULSE I/P 
TIME CONSTANT SWITCH 0/P 

p- SWITCH DELAY CAPACITOR 


Dual-ln-Line Package, Order Number TBA950-2 
See NS Package N14A 

Quad-In-Line Package, Order Number TBA950-2Q 
See NS Package N14C 



m 


11-63 


TBA950-2 



TBA950-2 


Absolute Maximum Ratings 

All voltages are referred to pin 1 


Recommended Operating 

(For operating circuits Figures 4 and 5) 

Conditions 

I 3 , Supply Current (Figure 6) 

45 mA 

I 5 , Input Current During Sync Pulse 

>5 juA 

I 5 , Input Current 

2 mA 

V|N P*Pf Composite Video Input Signal 

3 (1 to 6 )V 

V5, Input Voltage 

- 6 V 

1 1 0 , Input Current During Line Flyback Pulse 

0.2 to 2 mA 

12 , Output Current 

22 mA 

Ig, Switch-Over Current 

>2 mA 

V2, Output Voltage 

12V 

td, Time Difference Between the Output Pulse 


Ig, Switch-Over Current for Video Recording 

5 mA 

at Pin 2 and the Line Flyback Pulse at 10 

<20 jus 

1 10* flyback Peak Pulse Current 

5 mA 

I 3 , Current Consumption (Figure 6) 

<45 mA 

VII, Phase Correction Voltage 

T A , Ambient Temperature 

0 to V3 
60° C 

T A , Ambient Operating Temperature Range 

0°C to +60° C 

Electrical Characteristics t a = 

25°C, f Q = 

1 5,625 Hz In the test circuit Figure 2 (Note 1) 



SYMBOL 

CHARACTERISTIC 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V7 

Amplitude of the Frame Pulse 



>8 


V 

t7 

Frame Pulse Durations 



>150 


MS 

Rout i 

Output Resistance at Pin 7 
(High State) 


7.5 

10 

13 

kft 

\2 

Output Pulse Duration 

Typical Ranges 

25 


28 

Ms 

M2 Res 

Residual Output Voltage 

1 2 — 20 mA 


<0.55 


V 

*0 

Oscillator Frequency 

Cl 3/1 = 10 nF, R14/1 = 10.5 kft 

14063 

15625 

17187 

Hz 

±Afp 

Frequency Pull-In Range 


400 


1000 

Hz 

-±Af H 

Frequency Holding Range 

Typical Ranges 

400 


1000 

Hz 

df 0 /dtd 

Slope of Phase Comparator 
Control Loop 



2 


k Hz/ms 

dtd/dtp 

Gain of Phase Control 



20 



X P 

Phase Shift Between Leading 
Edge of Composite Video 

Signal and Line Flyback Pulse 
(Note 2) Adjustable by VII 

Typical Range 

0 


3.5 

Ms 


Note 1 : By modification of the frequency-determining network at pins 13 and 14, these ICs can also be used for other line frequencies. 
Note 2: The limited flyback pulse should overlap the video signal sync pulse on both edges. 


Functional Description 

The sync separator separates the synchronizing pulses 
from the composite video signal. The noise inverter 
circuit, which needs no external components, in con- 
nection with an integrating and differentiating network 
frees the synchronizing signal from distortion and noise. 

The frame sync pulse is obtained by multiple integration 
and limitation of the synchronizing signal, and is avail- 
able at pin 7. The RC network, hitherto required between 
sync separator and frame oscillator is no longer needed. 
Since the frame sync pulse duration at pin 7 is subject 
to production spreads, it is recommended to use the 
leading edge of this pulse for triggering. 

The frequency of the line oscillator is determined by a 
10 nF polystyrene capacitor at pin 13 which is charged 
and discharged periodically by 2 internal current sources. 
The external resistor at pin 14 defines the charging 
current and consequently in conjunction with the oscil- 
lator capacitor the line frequency. 


The phase comparator compares the sawtooth voltage of 
the oscillator with the line sync pulses. Simultaneously, 
an AFC voltage is generated which influences the oscil- 
lator frequency. A frequency range limiter restricts the 
frequency holding range. 


The oscillator sawtooth voltage, which is in a fixed ratio 
to the line sync pulses, is compared with the flyback 
pulse in the phase control circuit, in this way compen- 
sating all drift of delay times in driver and line output 
stage. The correct phase position and hence the hori- 
zontal position of the picture can be adjusted by the 
10 k£7 potentiometer connected to pin 11. Within the 
adjustable range the output pulse duration (pin 2) is 
constant. Any larger displacements of the picture, 
e.g., due to non-symmetrical picture tube, should not 
be corrected by the phase potentiometer, since in all 
cases the flyback pulse must overlap the sync pulse on 
both edges (Figure 3). 
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Functional Description (Continued) 

The switching stage has an auxiliary function. When the 
2 signals supplied by the sync separator and the phase 
control circuit, respectively, are in synchronism, a 
saturated transistor is in parallel with the integrated 
2 kH resistor at pin 9. Thus the time constant of the 
filter network at pin 4 increases and consequently 
reduces the pull-in range of the phase comparator cir- 
cuit for the synchronized state to approximately 50 Hz. 
This arrangement ensures disturbance-free operation. 

For video recording operation, this automatic switchover 
can be blocked by a positive current fed into pin 8, 
e.g., via a resistor connected to pin 3. It may also be use- 
ful to connect a resistor of about 680 £2 or 1 kf2 between 
pin 9 and earth. The capacitor at pin 4 may be lowered, 
e.g., to 0.1 fi F. These alterations do not significantly 


influence the normal operation of the 1C and thus do 
not need to be switched. 


The output stage delivers at pin 2 output pulses of 
duration and polarity suitable for driving the line driver 
stage. If the supply voltage goes down (e.g., by switching 
off the mains) a built-in protection circuit ensures defined 
line frequency pulses down to V3 = 4V and shuts off 
when V3 falls below 4 V, thus preventing pulses of 
undefined duration and frequency. Conversely, if the 
supply voltage rises, pulses defined in duration and fre- 
quency will appear at the output pin as soon as V3 
reaches 4.5V. In the range between V3 = 4.5V and full 
supply the shape and frequency of the output pulses are 
practically constant. 


FLYBACK 

PULSE 


VIDEO SIGNAL 


OUTPUT 

PULSE 

TBA950 



FIGURE 3. Phase Relationships 



*lnput circuitry must be optimized 

FIGURE 4. Operating Circuit (Thyristor Output Stage) 
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TBA950-2 


Functional Description (Continued) 



*lnput circuitry must be optimized 


FIGURE 5. Another Possibility for Line 
Frequency Adjustment (Transistor Output Stage) 



0 10 20 30 

V B (V) 

FIGURE 6. Graph for Determining 
the Supply Series Resistor, R s 
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National TV Circuits 

Semiconductor 

TBA970 Television Video Amplifier 

General Description 

The TBA970 is a monolithic video amplifier for television 
receivers. The circuitry includes a video preamplifier, 

DC contrast control utilizing a linear potentiometer 
which can be ganged to the chroma gain control, beam 
current limiting via contrast. Beam current limiting 
could be obtained with either positive or negative con- 
trol voltage. Black level control is achieved by a clamped 
feedback circuit combined with the brightness control. 

Emitter follower output could be used to directly drive 
the video output stage. A separate NPN transistor (Q40) 
is provided on the chip. 


Features 

■ DC contrast control 

■ DC brightness control 

■ Black level clamping 

■ Beam current limiting 

■ Low impedance output 



Connection Diagram 

Dual-In-Line Package 


X7 


Q40 COLLECTOR - 

Q40 BASE — 

Q40 EMITTER — 

CONTRAST 1 
CONTROL 
BEAM CURRENT 
FEEDBACK IN “ 


16 

— GND 

21 BLACK LEVEL 
FEEDBACK IN 

— DECOUPLE 

I 13 BLACK LEVEL 
1 STORAGE 

12 BRIGHTNESS 
CONTROL 

11 KEYING 
IN 2 

10 KEYING 
IN 1 
BEAM 
CURRENT 
CONTROL 


Dual-In-Line Package, Order Number TBA970 
See NS Package N16A 

Quad-In-Line Package, Order Number TBA970Q 
See NS Package N16C 


TOP VIEW 


Block Diagram 


VIDEO 

INPUT 



FEEDBACK IN CONTROL 
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TBA970 


Absolute Maximum Ratings 


Supply Voltage 

15.5 V 

VcES Q40 

15.5V 

Internal Power Dissipation 

750 mW 

Operating Temperature Range 

-20° C to +45°C 

Collector Current Q40 

10 mA 

Storage Temperature Range 

-55°C to +125°C 

Power Dissipation Q40 

20 mW 

Lead Temperature (Soldering, 10 seconds) 

260° C 

VCEO °40 

13.2V 




Electrical Characteristics Ta - 25°C, V + = 15V, See Test Circuit, unless otherwise specified 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

>2 

Supply Current 

(Note 1) 


27 

36 

mA 

V3 p-p 

Peak-to-Peak Input Voltage 

(Note 2) 



1.6 

Vp-p 

R3 

Input Resistance 



12 


kft 


Voltage Gain 



2.4 




3.0 dB Bandwidth 



6.0 


MHz 


6.0 dB Bandwidth 

Linearity of Black-to-White Video 

Output Signal 


0.9 

9.0 


MHz 

V15 

Low Black Level Voltage 




0.2 

V 

VI 5 

High Black Level Voltage 


3.0 



V 


Contrast Control Range 

1.5V < V7< 4.5V 

36 



dB 

R12 

Input Resistance for Brightness 

Control 



200 


k£2 

AVI 5 

Change of Black Level 

(Note 3) 



20 

mV 

V8, V9 

DC Voltage for Beam Current 

Limiting Inputs 

(Note 4) 


2.0 


V 


Separate Transistor Q40 Gain 

Ic = I4 = TO mA 

40 





Note 1 : No input signal and at minimum brightness. 

Note 2: With negative-going synchronizing pulse. 

Note 3: With constant brightness setting, due to change of picture content, contrast control setting and change in ambient temperature (AT/^ = 
20° C); black level clamping with t c = 1 ns, I iq > 0-25 mA, VII < 0.3V. 

Note 4: Beam current limiting occurs at V8 > V9. 

Test Circuit 
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TBA990 


National 

Semiconductor 


TV Circuits 


TBA990 Color Demodulator 

General Description 

The TBA990 is an integrated color demodulator circuit 
for color television receivers incorporating two active 
synchronous demodulators for the R-Y and B-Y chrom- 
inance signals, a matrix (producing the G-Y color 
difference signal), PAL phase switch and flip-flop. It is 


suitable for dc coupled drive to the picture tube when 
associated with the matrix integrated circuit (TBA530) 
and R-G-B output stages. Special attention has been 
given in the design to minimizing dc level drift with 
temperature. 


Connection Diagram 


Dual-in-Line Package 


R-Y SUB-CARRIER _1 
REFERENCE INPUT 
PAL SQUARE WAVE _3 
OUTPUT (7.8 kHz) 

4 

R-Y SIGNAL OUTPUT — 

G-Y SIGNAL OUTPUT — 
6 

(12V) POSITIVE SUPPLY — 
B-Y SIGNAL OUTPUT — 



la LINE PULSE INPUT 

(FLIP-FLOP SYNCHRONIZING) 
J2. R-Y CHROMINANCE 
INPUT SIGNAL 


21 B-Y CHROMINANCE 
INPUT SIGNAL 


Typical Application 


Dual-ln-Line Package, Order Number TBA990 
See NS Package N16A 


Quad-In-Line Package, Order Number TBA990Q 
See NS Package N16C 


10 nF REF (R-Y) I 



56 pF __ 

n 



56 pF 

n 



56pF “ 





r: 

J 

4 5 5 7 8 r 

TBA990 | 

13 12 11 10 9 1 



TJ 


b 



1 

^ [ 


o v^F- 

FLIP-FLOP SYNC 
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Pin Function Description 

1. Identification bias. The PAL flip-flop is stopped, for 
identification purposes, when the voltage on pin 1 in- 
creases above 6V. This threshold is internally generated 
and has a porportional behavior with the 12V supply 
voltage. The threshold level of 6V is chosen to match the 
output characteristic of the TBA540 and has a suffi- 
ciently high safety margin above the zero chroma signal 
level of 4V to eliminate spurious identifying. 


2. R-Y subcarrier reference input. A IVp-p signal is 
required via a dc blocking capacitor. Under no cir- 
cumstances should this signal be less than 0.5 Vp-p. The 
input resistance at this pin is typically 5 k£2. 


3. PAL square wave output. The amplitude is 3Vp-p 
from an emitter follower. No external load resistor is 
required. 


4. R-Y signal output (G-Y at pin 5 and B-Y at pin 7). 
These outputs require no external dc loads except that 
direct connection must be made via the low pass filters 
to the appropriate pins on the R-G-B matrix TBA530. 
In a complete circuit using the TBA530 and video output 
stages the dc levels of these outputs will be adjusted to 
give the correct setting of the picture tube drive black 
levels. The changes in dc level with supply voltage are 
proportional and track together. 

The unwanted products of demodulation occurring in 
the color difference outputs are chiefly 8.86 MHz and 
harmonics together with a small amount of 4.43 MHz 
due to possible unbalance in the demodulators. To 
avoid possible troubles in the receiver because of radia- 
tion of these demodulation products from the R-G-B 
drive circuits, low-pass filters must be employed in each 
of the color difference outputs. The filters shown have 
a -3 dB bandwidth of 1 MHz, adequate attenuation of 
the 8.8 MHz component, and sufficient attenuation of 
the 4.4 MHz component to give less than 4 Vp-p ampli- 
tude at the picture tube cathodes. 


5. G-Y signal output (see pin 4). 


6. Positive supply. The maximum allowable voltage on 
this pin is 13.2V. 


7. B-Y signal output (see pin 4). 


8. B-Y subcarrier reference input. The requirements here 
are identical with those for pin 2. 


9. DC level setting for B-Y output signal. This is a 
''common adjustment" which controls all three output 
dc levels together. 


10. Chrominance B-Y input signal. An input signal of 
approximately 360 mVp-p (color bars) is required at 
this pin. The input resistance is greater than 8000 and 
the input capacitance is less than 10 pF. The spread in 
gain of the internal circuitry in the chrominance channel 
is ±10% maximum. 


11. DC level setting for G-Y output signal. This adjusts 
the G-Y output dc level relative to the B-Y dc level. 


12. DC level setting for R-Y output signal. This adjusts 
the R-Y output dc level relative to the B-Y dc level. 


13. Chrominance R-Y input signal. An input signal of 
approximately 500 mVp-p (color bars) is required at 
this pin. The input impedance and spread in gain is the 
same as for pin 9. 


14. Line pulse input (flip-flop synchronizing). A wave- 
form derived from the line timebase can be used for 
synchronizing providing that its amplitude lies between 
2V and 5Vp-p. The trigger point occurs where the 
negative-going edge crosses approximately +0.6V. Prior 
to this sufficient current must be supplied to pin 14 to 
turn the input transistor fully on. 

15. N.C. This pin should not be used for external 
connections. 


16. Negative supply (earth). 
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TDA440 


National 
Semiconductor 

TDA440 Video IF Amplifier 

General Description 

The integrated circuit has the following functions 
incorporated: 3 symmetrical IF (broad band) amplifier 
with first and second regulated stages, controlled color 
carrier demodulator; video post-amplifier with low pass 
response and output independent of supply fluctuations; 
gated AGC section for the I F amplifier; delayed regulated 
output voltage for the tuner pre-stage. 

Features 

■ High gain — high stability 

■ Constant input impedance indepedent of AGC 

■ Poor noise increase due to AGC action 

■ Negative video signal hardly affected by supply 
voltage variations 


TV Circuits 


■ Minimum RF breakthrough to video outputs 

■ Fast AGC action — gating largely independent of 
pulse shape and amplitude 

■ Very low intermodulation products 

■ Minimum differential error 

■ Positive as well as negative video signal available from 
low impedance outputs 

■ Integrated temperature compensating circuit 

■ DC output component adjustable (peak white) 

Applications 

■ Video IF amplifier for color and monochrome 
television receivers 



Connection and Block Diagrams 

Dual-ln-Line Package 



Dual-ln-Line Package, Order Number TDA440 
See NS Package N16A 

Quad-In-Line Package, Order Number TDA440Q 
See NS Package N16C 
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Absolute Maximum Ratings 







V$, Supply Voltage Range (Pin 13) 



10 to 15V 

VexT- External Voltage (Pin 4) 



3.2 V 

Ig, Supply Current of Low Voltage Stabilizer (Pin 

14) 

50 mA 

Power Dissipation 





Vq, Open Loop Voltage (Pin 5) 



15V 

p TOT< T A <55°C 


700 mW 

Video DC Output Current 




Tj, Junction Temperature 



125°C 

Iq, Positive (Pin 12) 



5 mA 

Ta, Ambient Temperature Range 


-25°C to +70° C 

Iq, Positive (Pin 12) 



30 mA 

tSTG- Storage Temperature Range 

-25°C to +125°C 

IQ, Negative (Pin 11) 



5 mA 






Iq, Negative (Pin 11) 



30 mA 

Thermal Resistance 




Vyv, White Level Control ( R w) (Pin 10) 



-1 to +3V 

RthJA< Junction Ambient 


100°C/W Max 

Electrical Characteristics 

Vs 

= 12V,T A = 25°C, 

Reference point pin 3 unless otherwise specified 


| PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

vs 

Supply Voltage 



Pin 13 


10 

12 

15 

V 

'S 

Supply Current 



Pin 13 


15 

19 

25 

mA 

vs 

Supply Voltage 



Pin 14, Is = 40 mA 


5.5 

5.8 

6.4 

V 

VQ 

Negative Video DC Output 

Voltage 



Pin 11 



5.5 


V 

VQ 

With White Level Adjustable 



Pins 10 and 1 1, Ryy = 

CO 



4.8 

V 





R w = 0 


6.5 



V 

Vq 

Peak Black Clamping Level for 
Negative Video DC Output 

Voltage 



Pin 11 




2 15 

\i 

•q 

Output DC Current 

Reference Point 



Pins 11 and 13 



3.2 


mA 

Vq 

Positive Video DC Output 

Voltage 



Pin 12 



5.6 


V 

iq 

Available Tuner Control Current 

10 dB after Onset of Tuner 

Control Action (Note 1 ) 



Pin 5 


3 

4.5 


mA 

Vi 

Negative Gating Pulse 



Pin 7 


1.5 

3 

5 

vss 

-vq 

Composite Video Output Level 



Pin 11 










Vq = 5.5V 



3.3 


vss 





Vq = 6.4V 



4.2 


vss 

AA(|F) 

AGC Range 





50 

56 


. dB 

bvideo 

Video Bandwidth 



AvviDEO = -3 dB 


8 

10 


MHz 

avvideo 

Video Frequency Response Change 



AA(|F) = 50dB,B\/IDEO = 0 - 5 MHz 


1.0 

2.0 

dB 

Vi 

Symmetrical Input Voltage 



Pins 1-16, — Vq = 3.3 Vss (Pin 11) 

100 

150 

220 

MV 


Maximum IF Voltage Level 



Pins 1 1 and 12 







Present at Video Outputs Over 



f= 38.9 MHz 




30 

mV 


the Full AGC Range 



f = 77.8 MHz (2. Harm) 



50 

mV 


Sound IF Voltage Level Present 



Pin 12, f= 5.5 MHz, BT/Tj = 30dB 

30 



mV 


at Video Outputs with Selective 

Circuit 









d 

Differential Gain of Negative 

Comp. Video Output Signal, for 

Full Black to White Swing 







15 

% 

a|M 

Suppression of Sound Carrier/ 

Color Subcarrier IP (1.07 MHz) 
with Respect to Color Subcarrier 

Level 





40 



dB 


Picture Carrier 






0 


dB 


IF Color Subcarrier Level 






-6 


dB 


IF Sound Carrier Level 






. -24 


dB 


Input Impedance 










Reference Point 



Pin 16 






Rj 

A(|p) Max 


! 

Pin 1 



1.4 


k n 

Cj 







2 


PF 

Rj 

A< |F) M'n 



Pin 1 



1.4 


k£2 

Cj 



1 




1.9 


pF 

Note 1 : On request > 7 mA 


11-73 


TDA440 




11-74 


TDA440 



Schematic Diagram 




Test Circuit 


VIDEO OUTPUTS 



Note. Supply voltage must be disconnected before inserting the integrated circuit in the socket. 


Typical Application 

Improved Tank Circuit to Reduce Audio Interference and Chroma Beat 


T 



1 


C = Parasitic capacitance at pins 
8 and 9 should be kept minimum 

Cg = 6—10 pF — series capacitance 

f D = 38.9-( 1.8-2.75) MHz-series 
resonance frequency 

R§ = 1 .8—3.3 kft — series resonance 
damping determine the tuning 
characteristics 

i.e., Rs = 2.4 k£2 tuning range, f = 3 MHz 
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TDA2522/TDA2523 


National 


TV Circuits 

Semiconductor 

TDA2522/TDA2523 Color Demodulation Combinations 

General Description 

The TDA2522/TDA2523 are integrated synchronous 

a 

ACC detector andamplifier 

demodulator combinations for colour television receivers 

a 

A color killer 

incorporating the following features. 

■ a 

Two synchronous demodulators for the (B-Y) and 

Features 


(R-Y) signals 

a 

Temperature compensated emitter follower outputs 

■ 8.8 MHz oscillator followed by a divider giving two 

a 

PAL switch and PAL flip-flop with internal identifi- 

4.4 MHz signals used as reference signals 


cation 

■ Keyed burst phase comparison for optimum noise 

a 

Integrated capacitors in the symmetrical demodu- 

behavior 


lators reduce unwanted carrier-signals at the outputs 


Connection Diagram 

Dual-ln-Line Package 



ior vuw 

Block Diagram 


Dual-ln-Line Package. Order Number TOA2522 
See NS Package N16A 

Quad-In-Line Package, Order Number TOA2S22Q 
See NS Package N16C 


Dual-ln-Line Package. Order Number TDA2523 
See NS Package N16A 

Quad-In-Line Package, Order Number TDA2523Q 
See NS Package N16C 



NOTE: The outputs of the TDA2522 are - I B Y), -(R-Y) and -(G-Y). 
The outputs of the TDA2523 are (B Y). (R-Y) and (G-Y). 
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Absolute Maximum Ratings 


VI 1-4, Supply Voltage 

PjOT. Total Power Dissipation (Note 3) 

TsTG* Storage Temperature 

Ty\. Operating Ambient Temperature 


14V 
600 mW 
-20°C to +1 25°C 
-20° C to +60° C 


Electrical Characteristics vn-4 = i 2 v, t a - 25°c 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 


Supply Current 


40 


mA 


Demodulator Section 





VI-4 

B-Y/R-Y, — — 
V3-4 

Ratio of Demodulator Signals 


1.78 



V2-4 

G-Y/R-Y, 

V3-4* 

(Note 1) 


0.85 



V2-4 

GY/R-Y, 

V3-4 

(Note 2) 

Color Difference Output Signals, Peak-to-Peak 


0.17 




Values 





R-Y, V3-4 (p-p) 


2.40 



V 

GY, V2-4 (p-p) 


1.35 



V 

B Y, VI -4 (p-p) 

Impedance of Color Difference Signal Outputs 

3.00 



V 

IZ3-4I 



250 


ft 

IZ2-4I 



250 


ft 

|Z 1 — 4 1 



250 


ft 


H/2 Ripple at R-Y Output (Peak-to-Peak Value) 



10 

mV 

VI 5-4 

Burst Keying Pulse (Positive-Going) 

Chrominance Input Signal (Including Burst) 

1.5 



V 


Peak-to-Peak Value 





R-Y. V6— 4 



500 


mV 

B-Y, V5—4 

Reference Section 


350 


mV 


Phase Difference Between Reference Burst Signals 

-5 


5 

Deg. 


for ±400 Hz Deviation of Crystal Frequency 
Holding Range with Typical Crystal 


±500 


Hz 

V12-4 

ACC Reference Voltage 

ACC Voltage with 0.5V Peak-to-Peak Burst 


7 


V 

V14 -4 

At Correct Phase 


5.5 


V 

V14 -4 

With Zero Burst 


7.0 


v 

V13-4 

ACC Amplifier Output with 0.5V Peak-to-Peak 



1.5 

1 V 


Burst of Correct Phase 




, 

«G-F 

Oscillator Input Resistance 


270 


ft 

Rh-f 

Oscillator Output Resistance 


200 


ft 


Note 1: The demodulators are driven by a chrominance signal of equal amplitude for the (R-Y) and the (B-Y) components. The phase of the 
(R-Y) chrominance signal equals the phase of the (R-Y) reference signal. The same holds for the (B-Y) signals. 

Note 2: As under note 1, but the phase of the (R Y| reference signal reversed. 

Note 3: For operation in ambient temperatures above 25°C, the device must be derated based on a 1 50“ C maximum junction temperature end e 
thermal resistance of 1 75° C/W junction to ambient. 
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TDA2530 


ZWA National 
SZA Semiconductor 


TV Circuits 


TDA2530 R-G-B Matrix Preamplifier With Clamps 


General Description 


The TDA2530 is an integrated R-G-B matrix preamplifier 
for color television receivers, incorporating a matrix pre- 
amplifier for R-G-B cathode drive of the picture tube 
with clamping circuits. The TDA2530 has a base driver 
amplifier. Also, each channel follows an identical layout 
to ensure equal frequency behavior of the 3 channels. 


This integrated circuit has been designed to be driven 
from the TDA2522 synchronous demodulator and 
oscillator integrated circuit. 

The device is also available in a zig-zag quad-in-line 
package, this version being denoted by the suffix Q, 
i.e., TDA2530Q. 


Connection Diagram 


Dual-In-Line Package 


LUMASIGNAU/P 


RED DRIVE ADJUST 


GREEN DRIVE ADJUST 


BLUE DRIVE ADJUST 


CLAMP PULSE I/P 



RED SIGNAL FEEDBACK 


GREEN SIGNAL FEEDBACK 


BLUE SIGNAL FEEDBACK 


Reference Data 


Dual-In-Line Package, Order Number TDA2530 
See NS Package N16A 


Quad-In-Line Package, Order Number TDA2530Q 
See NS Package N16C 


Supply Voltage (Nominal) 12V 

Operating Ambient Temperature Range -25°C to +60°C 
Gain of Luminance and Color-Difference 100 

Channels (Typical) 
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Absolute Maximum Ratings 

Supply Voltage (V8-6 Maximum) 13.2V 

Storage Temperature, T$TG ~25°C to +125°C 

Operating Ambient Temperature, T/\ -25°C to +60°C 


Electrical Characteristics vs-6 « 

12V, V1-16= 1.5V, T A 

= 25°C 



PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Gain of Color Channels (B-Y; G-Y; R-Y) 

G2-16 


100 



at f= 0.5 MHz (Note 1) 

G4-16 


100 




G6-16 


100 



Ratio of Gain of Luminance Amplifier to 


0.9 


1.1 


Color Amplifiers 






Input Resistance of Color Difference 

R2— 6 

100 



k£2 

Amplifiers at f = 1 kHz 

R3— 6 

100 



k£2 


R4-6 

100 



k£2 

Input Resistance of Luminance Amplifier 

R5— 6 

100 



k£l 

at f = 1 kHz 







Note 1 : G is defined as the voltage ratio between the input signals at the pins 2, 4 and 6 and the output signals at the collectors of the output trans- 
istors. 


Pin Function Description 

9. Positive 12V supply. 

10. Blue signal output. The TDA2530 blue signal out- 
put has polarity appropriate for base drive of typical 
video output stages. 

11. Blue signal feedback. The signal gain of both the 
video output stages and 1C amplifier are stabilized by 
the feedback circuits. DC clamping is achieved by 
sampling of the feedback level during blanking. The 
black level potentials at the collectors of the video 
output stages may be varied independently by adjustable 
DC current sources applied to the feedback input pins. 
The DC levels at these pins are such that the feedback 
resistor and a resistor network between the 12V supply 
and earth provide a potential of 6V during blanking. 

12. Green signal output (see pin 10). 

13. Green signal feedback (see pin 11). 

14. Red signal output (see pin 10). 

15. Red signal feedback (see pin 11). 

16. Negative supply (earth). 


1. Luminance signal input. A IV black to white posi- 
tive-going luminance input signal is required. Blanking 
level should be at 1.5V and black level at 1.7V. 

2. — (R-Y) input signal. The input signal is required to 
be AC coupled from a low impedance source such as 
the TDA2522. The coupling capacitor also acts as a 
clamp capacitor for the TDA2530 red output. As the 
color difference input impedance is at least 100 kf2, 
low value coupling capacitors may be used. 

3. Red drive adjustment. A gain variation of the red 
channel of at least ±3 dB about the typical, is obtained 
as the DC potential at this pin is varied by ±5V about 
the typical of 5V. If no connection is made to a gain 
controlling pin the channel concerned assumes the 
typical gain. 

4. — (G-Y) input signal (see pin 2). 

5. Green drive adjustment (see pin 3). 

6. — (B-Y) input signal (see pin 2). 

7. Blue drive adjustment (see pin 3). 

8. Clamp pulse input. A positive-going line pulse input 
is required and the pulse should exceed a threshold DC 
level set by the TDA2530 of 7V. An input current of 
about 1 mA is required. 
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TDA2530 


Application Information (Peripheral Circuitry) 


160V 



Note 1: Attention should be given to earth paths, avoiding common impedances betwen the input (decoder) side and the output stages. 
Note 2: Printed track area connected to the feedback pins should be kept to a minimum. 

Note 3: To ensure a matched performance of the video output stages, a symmetrical layout of the 3 stages should be employed. 


11-80 




National 

Semiconductor 


TV Circuits 


TDA2540 Video I. F. Amplifier and Demodulator 


General Description 

The TDA2540 is an i.f. amplifier and demodulator integrated circuit for colour and black and white television receivers using 
n-p-n tuners. 


Features 

■ Wide- hand gain-controlled i.f. amDlifier. 

■ Synchronous demodulator. 

■ Video preamplifier with white spot and noise inverters. 

■ Noise gated a. g.c. 

H a.f.c. circuit switched on/off by a dc level. 

■ a. g.c. output for n-p-n- tuners. 

■ V.C.R. switch allows insertion of VCR playback signal. 


Connection Diagram 


Block Diagram 


Dual-ln-Lina Package 


TUNER A G C 
TAKEOVER CONTROL 
TUNER A G.C OUTPUT 



DuaHn-Line Package, Order Number TDA2540 
See NS Package N16A 

Quad-In-Line Package, Order Number TDA2540Q 
See NS Package N16C 
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TDA2540 


Absolute Maximum Ratings 

V1 1 — 13 Supply Voltage 
P T Q T Power Dissipation 

IsTG Storage Temperature 

Tamb Operating Ambient Temperature 


14V 

900mW 

— 55 to+125°C 
—25 to+60°C 


Electrical Characteristics vn-i3= i2VTamb=25°c 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 

VI — 16 (r.m.s.) I.F. Input Voltage for onset of A. G.C. 


100 

150 

mV 

V12-13 

Zero Signal Output Level 


6.0 


V 


Top Sync Output Level 

2.9 


3.2 

V 

V6-13 

A.F.C. Output Voltage Swing for AF=100KHz 

10 

11 


V 


I.F. Voltage Gain Control Range 


64 


dB 

S/N 

Signal to Noise Ratio at V1=10mV (Note 1 ) 


58 


dB 

B 

3dB Bandwidth of Video Amplifier 


6 


MHz 

AG 

Differential Gain 


4 

10 

% 

A0 

Differential Phase 


2 

10 

Deg. 


Carrier Signal at Video Output 


4 

30 

mV 


2nd Harmonic of Carrier at Video Output 


20 

30 

mV 


Intermodulation Ratio at 1 • 5 M Hz 

46 



dB 

V6-13 

A.F.C. Switch off Level 



2 5 

V 

„ V14 — 13 

V.C.R. Switch off Level 



1-1 

V 


White Spot Inverter Threshold Level 


6 6 


V 


White Spot Insertion Level 


4-7 


V 


Noise Inverter Threshold Level 


1-8 


V 


Noise Insertion Level 


3 8 


V 

'4 

Tuner A. G.C. Output Current Range 

0 


10 

mA 

V4-13 

Tuner A. G.C. Output Voltage 



0 3 

V 


at 1 ^ 10 mA 





'4 

Tuner A. G.C. Output Leakage 



15 

mA 


current VI 4- 13 = 3V V4-13= 12V 





Note 1: S/N= 

Vout Black-to-White 






Vn (r.m.s.) at B=5MHz 
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I.F. INPUT 


TDA2540 
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TDA2541 



National 

Semiconductor 


TV Circuits 


TDA2541 Video I.F. Amplifier and Demodulator 


General Description 

The TDA2541 is an i.f. amplifier and demodulator integrated circuit for colour and black and white television receivers using 
p-n-p tuners. 


Features 

■ Wide-band gain-controlled i.f. amplifier. 

■ Synchronous demodulator. 

■ Video preamplifier with white spot and noise inverters. 

■ Noise gated a.g.c. 

■ a.f.c. circuit switched on/off by a dc level. 

■ a.g.c. output for p-n-p tuners. 

■ V.C.R. switch allows insertion of VCR playback signal. 


Connection Diagram 


Block Diagram 


Dual-ln-Line Package 



if. input 

DC FEEDBACK 

A G C. TIME CONSTANT 

GN.O 

VIDEO OUTPUT 
+IVE SUPPLY 
AFC QUAD COIL 
REFERENCE TUNEO CIRCUIT 


Dual-ln-Line Package, Order Number TDA2541 
See NS Package N1 6 A 


Quad-In-Line Package, Order Number TDA2541 Q 
See NS Package N16C 
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Absolute Maximum Ratings 

V1 1-13 Supply Voltage 
Pjq j Power Dissipation 

T STG Storage Temperature 

Tamb Operating Ambient Temperature 


— 55to+125°C 


Electrical Characteristics vn-i3= i2VTamb=25°c 


VI — 16(r.m.s.) I.F. Input Voltage for onset of A. G.C. 

V/1 7 — 1 3 Zero Signal Outout Level 

Top Sync Output Level 

V6— 13 A.F.C. Output Voltage Swing for A F=100K Hz 

I.F. Voltage Gain Control Range 
S/N Signal to Noise Ratio at V 1=1 OmV (Note 1) 

B 3dB Bandwidth of Video Amplifier 

AG Differential Gain 

A0 Differential Phase 

Carrier Signal at Video Output 
2nd Harmonic of Carrier at Video Output 
Intermodulation Ratio at 1 • 5 MHz 
V6-13 A.F.C. Switch off Level 

V14-13 V.C.R. Switch off Level 

White Spot Inverter Threshold Level 
White Spot Insertion Level 
Noise Inverter Threshold Level 
Noise Insertion Level 

l 4 Tuner A. G.C. Output Current Range 

V4— 13 Tuner A. G.C. Output Voltage 


Tuner A. G.C. Output Leakage 
current V14- 13= 11VV4-13= 12V 


Note 1: S/N= Vout Black-to-White 
Vn (r.m.s.) at B=5MHz 
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OUTPUT 


TUNING 

VOLTAGE 

A.F.C. 

SWITCH 


> 

■o 

•o 


o 

to 


o 

3 
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National 

Semiconductor 


TV Circuits 


TDA2560 Luminance and Chrominance Control 
Combination 


General Description 

The TDA2560 is a monolithic integrated circuit for use 
in decoding systems of color television receivers. The 
circuit consists of a luminance and chrominance ampli- 
fier. The luminance amplifier has a low input impedance 
so that matching of the luminance delay line is very 
easv. 

Features 

■ DC contrast control 

■ Brightness control 

■ Black level clamp 


■ Blanking 

■ Additional video output with positive-going sync 

The chrominance amplifier comprises: 

o Gain controlled amplifier 

■ Chrominance gain control tracked with contrast 
control 

■ Separate DC saturation control 

■ Combined chroma and burst output, burst signal 
amplitude not affected by contrast and saturation 
control 

■ The delay line can directly be driven by the 1C 


Connection Diagram 


Dual-ln-Line Package 



TOP VIEW 

Dual-ln-Line Package, Order Number TDA2560 
See NS Package N16A 

Quad-In-Line Package, Order Number TDA2560Q 
See NS Package N16C 
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TDA2560 


Absolute Maximum Ratings 

V8— 5, Supply Voltage 14V 

TSTG' Storage Temperature ~55°C to +1 25°C 

Ta, Operating Ambient Temperature -25°C to +70°C 

Electrical Characteristics 


PARAMETER 

MIN 

1 TYP 

MAX 

UNITS 

V8— 5 

Supply Voltage Range 

9 

12 

14 

V 

'8 

Supply Current 


46 


mA 

V8— 5 (p-p) 

Allowable Hum on Supply Line (Peak-to-Peak Value) 



100 

mA 

The following data are measured at V8 = 12V, Ta = 25°C 





1 R(p-p) 

Luminance Amplifier 

Input Current; Black-to-White Level (Peak-to-Peak Value) 


0.2 


mA 

|Z| 

Input Impedance 


75 


n 


Gain (Pin D), (Note 1) 





V6— 5 

Burst Signal (Peak-to-Peak Value) 



6 

V 


Contrast Control Range 

20 



dB 

• VII 

Brightness Control Range (Black Level) 

1 


3 

V 


Black Level Stability When Changing Contrast, 

Video Contents and Temperature 


±20 


mV 

B 

Bandwidth (—3 dB) 


5 


MHz 

VI 5— 5 

Output Voltage (Additional; Positive-Going Sync) 

Peak-to-Peak Value 


3.4 


V 

V7-5 

Black Level Clamp Pulse (Note 2) 


6 


V 

V9 

V9 

Blanking Pulse (Note 3) 

At OV at the Output 

At 1.5V at the Output 


2 

5 


V 

V 

VI-2 (p-p) 

Chrominance Amplifier 

Input Signal Range (Peak-to-Peak Value) 

4 


80 

mV 

V6-5 (p-p) 

Obtainable Chrominance Output Signal (Note 4) 

‘ Peak-to-Peak Value . 

Ratio of Burst and Chrominance at Nominal 

Contrast and Saturation, (Note 5) 


2 



V3— 5 

ACC Starting Voltage (Note 6) 


1.2 


V 


ACC Range 

30 



dB 


Tracking with Contrast Control (10 dB Control) 

-1 


1 

dB 


Saturation Control Range 

20 



dB 

V7— 5 

Burst Gate Pulse (Note 2) 


1.5 


V 

S/N 

Signal to Noise Ratio at Nominal Input Voltage 

50 



dB 


Phase of Burst to Chrominance 

-5 


5 

Deg. 


Note 1 : The gain of the luminance amplifier can be adjusted, by setting the gain of the contrast control circuit by selection of discrete resistor Rq 
( see also circuits on pages xx and xx). This circuit configuration has been chosen to reduce the spread of the gain to a minimum (main cause of 
spread is now the spread of the ratio of the delay line matching resistors and the resistor Rq). At Rq = 2.7 kfi the output voltage at nominal 
contrast (maximum — 3 dB) is 3V black to white. 

Note 2: This pin (7) is used for burst gate and black level clamping. The latter function is actuated at a 6V level. The input pulse must have such 
an amplitude that the clamping circuit is active only during the back porch of the blanking interval. The burst gate, which switches the gain of the 
chroma amplifier to maximum during the flyback time, is actuated at a 1 .5V level. 

Note 3: This pin (9) is used for blanking the luminance amplifier. When the input pulse exceeds the 2V level the output signal is blanked to a 
level of about OV. When the input exceeds a 5V level, a fixed level of about 1.5V is available at the output. This level can be used for clamping 
purposes. 

Note 4: The chrominance and burst signal are both available on this pin (6). The burst signal is not affected by the contrast and saturation control 
and is kept constant by the ACC circuit of the TDA2522. The output signal amplitude is, therefore, determined by the losses in the delay line. 
At nominal contrast and saturation setting, the burst to chrominance ratio at the output is typically identical to the ratio at the input. 

Note 5: Nominal contrast is specified as maximum contrast —3 dB. Nominal saturation is specified as maximum saturation —6 dB. 

Note 6: A negative-going control voltage gives a decrease in gain. 
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TDA2591/TDA2593 



National 

Semiconductor 


TV Circuits 


TDA2591/TDA2593 Line Oscillator Combination 


General Description 


Connection Diagram 


The TDA2591 and TDA2593 are integrated line oscillator 
circuits for color television receivers using thyristor or 
transistor line deflection output stages. 


Features 


Dual-1 n-Line Package 


■ Line oscillator based on the threshold switching 
principle 

■ Phase comparison between sync pulse and oscillator 
voltage 

■ Phase comparison between line flyback pulse and 
oscillator voltage 

• Switch for changing the filter characteristic and the 
gate circuit (when used for VCR) 

■ Coincidence detector 

■ Sync separator 

■ Noise separator 

■ Vertical sync separator 

■ Color burst keying and line flyback blanking pulse 
generator 

■ Phase shifter for the output pulse 

■ Output pulse duration switching 

■ Output stage for direct drive of thyristor deflection 
circuits 

■ TPA2591 for use in combination with TDA2522 & 
TDA2560 PAL decoder. 

a TDA2593 for use in combination with TDA3500 
PAL decoder. 



Dual-In-Line Package, Order Number TDA2591 orTDA2593 
See NS Package N16A 

Quad-In-Line Package, Order Number TDA259 IQ or TDA2593Q 
See NS Package N16C 


Reference Data 


PARAMETERS 


VI-16 

'l 


Supply Voltage 
Supply Current 


MIN 


TYP 


MAX 


UNITS 


12 

30 


V 

mA 


V9-16 (p-p) 
V10— 16 (p-p) 

V4-16 
V4-16 
VI 1—16 


Input Signals 

Sync Separator Input Voltage (Peak-to-Peak Value) 
Noise Separator Input Voltage (Peak-to-Peak Value) 
Pulse Duration Switch Input Voltage 
t 

t= 14 /is + t<j 

Voltage for Switching on VCR 


V8— 16 (p-p) 
V7— 16 (p-p) 
V3-16 (p-p) 


Output Signals 

Vertical Sync Output Pulse (Peak-to-Peak Value) 
Burst Gating Output Pulse (Peak-to-Peak Value) 
Line Trigger Pulse (Peak-to-Peak Value) 


8.2 

0 

9 

0 


3 

3 


11 

11 

10.5 


13.2 

4.0 

12 

1.5 


V 

V 

V 

V 

V 

V 

V 

V 

V 
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Absolute Maximum Ratings 

Voltages 

VI - 16, Supply Voltage at Pin 1 (When Supplied 
by the 1C) 

V2-16, Supply Voltage at Pm 2 
V4-16, Pm 4 Voltage 
V9-16, Pm 9 Voltage 
V10--16. Pin 10 Voltage 

VI I- 16. Pm 11 Voltage 
Currents 

•2M. p,n 2 Current (Peak Value) 

•3M- p ' n 3 Current (Peak Value) 


18V 
Oto 13.2V 
-6 to + 6 V 
-6 to + 6 V 
0 to 13.2V 


I 4 , Pin 4 Current 
±| 0 , Pm 6 Current 
17 . Pm 7 Current 
1 1 1 , Pin 1 1 Current 
Power Dissipation 

Pjoj, Total Power Dissipation- (Note 6 ) 
Temperatures 

TSTG- Storage Temperature 

Ta. Operating Ambient Temperature 


-25°Cto+125°C 

-20°to+6(rC 


Electrical Characteristics vi-ie= i2v ; t a = 25°c 


PARAMETER 

MIN 

TYP 

MAX 

REQUIRED INPUT SIGNALS 


Sync Separator 




V9-16- 

Input Switching Voltage 


0.8 


Iq 

Input Switching Current 

5 


100 

*9 

Input Blocking Current at V9-16 = -5V 


<1 



Noise Separator 




VI 0-1 6 

Input Keying Voltage 


1.0 


V10-16 

Input Switching Voltage 


1.4 


»10 

Input Keying Current 

5 


100 

ho 

Input Switching Current 


150 


ho 

Input Blocking Current at V10-16 = -5V 


<1 



Line Flyback Pulse 




•6 

Input Current 


>10 


V6-16 

Input Switching Voltage 


0.8 


V6-16 

Input Limiting Voltage 

-0.7 


1.4 

R6-16 

Input Resistance 


0.4 



Pulse Duration Switch 





For t = 7 /js 




V4-16 

Input Voltage 

8.2 


13.2 

*4 

Input Current 

For t = 14 jus + td 


>200 


V4-16 

Input Voltage 

0 


4.0 

-14 

Input Current 


>200 



For t = 0;V4— 16 = 0 




V4—16 

Input Voltage, (Note 1) 


6.0 


‘4 

Input Current (Input Open) 


0 



Switching on VCR 




V1 1—16 

Input Voltage, (Note 2) 

0 


1.5 

VI 1-16 


9 


13.2 

-*11 

Input Current, (Note 2) 


>200 


‘11 


1 


2 


DELIVERED OUTPUT SIGNALS 



Vertical Sync Pulse (Positive-Going) 


V8—16 (p-p) 

Output Voltage (Peak-to-Peak Value) 

10 

R8 

Output Resistance 



Burst Gating Pulse (Positive-Going) 


V7-16 

Output Voltage (Peak-to-Peak Value) 

10 

R7 

Output Resistance 
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Electrical Characteristics (continued) 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 

| DELIVERED OUTPUT SIGNALS (CONTINUED) | 


Blanking Pulse 





V7-16 (p-p) 

Output Voltage (Peak-to- Peak Value) TDA 2591 


3.0 


V 


TDA2593 


4.5 


V 

R7 

Output Resistance 

Line Trigger Pulse (Positive-Going) 


70 


ft 

V3-16 (p-p) 

Output Voltage (Peak-to-Peak Value) 


10.5 


V 

l3(AV) 

Output Current (Average Value). (Note 3) 


100 


mA 

R3-16 

Output Resistance for Leading Edge of Line Pulse 


2.5 


ft 

R3-16 

Output Resistance for Trailing Edge of Line Pulse 

Oscillator 


20 


ft 

V14-16 

Threshold Voltage Low Level 


4.4 


V 

V14-16 

Threshold Voltage High Level 


7.6 


V 

±114 

Discharge Current 


0.47 


mA 

V15-16 

Current Source Supply Voltage 


6.0 


V 

-*15 

Current Source Supply Current 

Phase Comparison (01; Sync Pulse-Oscillator) 


0.5 


mA 

V13-16 

Control Voltage Range 

3.8 


8.2 

V 

± «13M 

Control Current (Peak Value) 

1.9 

2.1 

2.3 

mA 

*13 

Output Blocking Current 






At V13-16 = 4— 8V 



1 

pA 


Output Resistance 






At V13-16 = 4— 8V, High Ohmic (Note 4) 

At V13-16 < 3.8V or > 8.2V, Low Ohmic, 






(Note 5) 






Time Constant Switch 





V12-16 

Output Voltage 


6 


V 

±h2 

Output Current 

Output Resistance 



1 

mA 

R12-16 

At V1 1-16= 2.5 to 7V 


0.1 


kft 

R12-16 

At V1 1—16 < 1.5V or > 9V 


60 


kft 


Coincidence Detector (03) 





VI 1-16 

Output Voltage 

Output Current (Peak Value) 

0.5 


6 

V 

hiM 

Without Coincidence 


0.1 


mA 

-hlM 

With Coincidence 


0.5 


mA 


Phase Comparison (02; Oscillator- Line 

Flyback Pulse) 





V5-16 

Control Voltage Range 



7.6 

V 

— 1 5 

Control Current (Peak Value) 

Output (Input) Resistance 

H 

1 


mA 


At V5-16 = 5.4 to 7.6V, High Ohmic, 

(Note 4) 

■ 




R5-16 

At V5— 16 < 5.4V or > 7.6V 

■1 

8 


kft 


Input Current at Blocked Phase' Detector 





>5 

V5— 16 = 6.5V 



5 

pA 

Note 1 : Can also be not connected. 

Note 2: When supplied by the 1C. 

Note 3: Higher values are allowed when reducing P tot . 

Note 4: Current source. 

NoteS: Emitter follower. 





Note 0: For operation in ambient temperatures above 25° C, the device must be derated based on a 1 50° C maximum junction temperature and a 
therm*! resistance of 175“ C/W junction to ambient. 
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Applications Information 

PARAMETER 

MIN 

TYP 

MAX 

UNITS 


Sync Separator 

■pH 




V9-16 (p-p) 

Input Voltage (Without Video; Peak-to-Peak Value) 

spsni 

3 

7 

V 

<9 

Input Keying Control 

KB 


100 

pA 


Noise Signal Keying 

j 




V10— 16 (p p) 

Input Voltage (Without Video; Peak-to-Peak Value) 

iKH 

3 

7 

V 

ho 

Input Keying Current 



100 

/iA 

v n(p-p) 

Superimposed Noise Voltage (Peak-to-Peak Value) 

■ 


7 

V 


Vertical Sync Pulse Separator 

■ 




tON 

Delay Between Leading Edge of Input and Output 

■ 

12 


ps 


Signal 





l OFF 

ueidy Deiween i lamny cuye ui inpm «nu vuipui 

B 



p- 


Signal 





V8-16 (p-p) 

Output Voltage (Peak-to-Peak Value) 

10 

11 


V 

R8— 16 

Output Resistance 


2 


kft 


Oscillator 





*o 

Frequency; Free Running (C14- 16 = 4.7 nF, 


15.625 


kHz 


R15-16 = 12kfl) 





Afp/fo 

Spread of Frequency. (Note 7) 


<±5 


% 

Afo/Al 15 

Frequency Control Sensitivity 


31 


Hz/pA 

Af 0 /f 0 

Adjustment Range of Network in Figure 1 


±10 


% 

Af<A> 

Influence of Supply Voltage on Frequency at 



5 

% 

AV/VjYR 

VI-16 = 12V, (Note 7) 




Af 0 

Change of Frequency when VI-16 Drops to 4 V 



10 

% 


Phase Comparison (01; Sync Pulse-Oscillator) 

Control Sensitivity 


2 


kHz/ps 


Spread of Control Sensitivity. (Note 7) 


±10 


% 

At 

Catching and Holding Range (82 kft) 


±780 


Hz 

Af/f 

Spread of Catching and Holding Range. (Note 7) 


±10 

' 

% 


Phase Comparison (02; Oscillator- Line Flyback Pulse) 






Permissible Delay Between Leading Edge of Output 



15 

ps 


Pulse and Leading Edge of Flyback Pulse 





At/Atd 

Static Control Error 


<0.2 


% 


Overall Phase Relation 





t 

Phase Relation Between Middle of Sync Pulse and 


2.6 


PS 


the Middle of the Flyback Pulse 





|Ai| 

Tolerance of Phase Relation 



0.7 

PS 


Adjustment Sensitivity, Caused By: (Note 8 ) 





AV5— 16/At 

Adjustment Voltage 


0.1 


V/ps 

Al 5 /At 

Adjustment Current 


30 


pA/ps 


Spread of Adjustment Current, (Note 7) 


<10 


% 


Burst Gating Pulse 





t 

Phase Relation Between Middle of Sync Pulse at 

2.15 

2.65 

3.15 

P* 


the Input and the Leading Edge of the Burst 

Gating Pulse; V7-16 * 7V 





t7 

Burst Gating Pulse Duration 


4.0 


ps 
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Applications Information (Continued) 


PARAMETER 

MIN 

TYP 

MAX 

UNITS 


Line Trigger Pulse 

Output Pulse Duration 





X P 

At V4— 16 > 8.2V 

5.5 

7 

8.5 

M* 

l P 

At V4— 16 < 4V 


14+ td 



VI-16 

Supply Voltage for Switching Off the Output Pulse 


4 


V 


Internal Gating Pulse 





*P 

Pulse Duration 


7.5 


M* 


Not* 7: exclusive external components tolerances. 

Not* 8: The adjustment of the overall phase relation and consequently the leading edge of the output pulse occurs automatically by phase control 
<p2. The values beyond this point count if additional adjustment is required. 
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TDA3500 


National 

Semiconductor 


TV Circuits 


TDA3500 Chroma Processor + RGB Drive Combination 


General Description 


The TDA3500 is a video processor designed for full feature 
color television applications. Luminance and color differ- 
ence inputs are provided to be driven from the TV decoder 
circuitry, with linear RGB inputs available for the display 
of text or other on-screen information. The black levels of 
the two input modes are clamped to the same level and the 
required input mode may be selected by a fast switching 
control pin which can enable text to be inlaid on to the 
received TV picture. Brightness and contrast controls are 
provided and operate in both signal input modes. Three 
electronic gain controls are provided for adjustment of 
RGB signals for correct white. 

The output stages produce signals suitable for driving the 
bases of the video output transistors. The feedback inputs 
are suitable for collector feedback from these transistors. 
Most common video output stage types can be used. 

Features 

■ AC coupled inputs for (R-Y), (B-Y) and Y signals 

■ Linear saturation control in the color difference stages 


■ G-Y and RGB matrix 

■ Linear inputs for direct RGB signals— use for teletext, 
inset picture, program status, tuning indicators, etc. 

■ Fast switching input to select between RGB inputs and 
normal TV signal. Can be used to inlay text into normal 
picture 

■ Linear contrast and brightness controls operating on 
both RGB inputs and matrixed luminance and colordif- 
ference inputs 

■ Equally clamped black levels for RGB inputs and ma- 
trixed signals 

■ Three identical signal channels for R, G, B 

■ Horizontal and vertical blanking (black level or blacker 
than black) and black level clamping by means of a 
three-level sandcastle pulse 

■ Three electronic gain controls for adjustment of white 
drive levels 

■ Differential amplifiers with feedback inputs for feed- 
back from the RGB output stages 

■ Gated feedback paths for stabilization of the DC levels 
at the picture tube 


Connection Diagram 


GREEN OUTPUT 


BLUE OUTPUT 


SANDCASTLE JO 
INPUT 

SIGNAL SWITCH — 


RGB J3 
INPUTS 

14 


Dual-ln-Line Package 



RED GAIN SET 


GREEN GAIN SET 


BLUE GAIN SET 


BRIGHTNESS CONTROL 


CONTRAST CONTROL 


-(B-Y) INPUT 
-(R-Y) INPUT 


SATURATION CONTROL 


Order Number TDA3500N 
See NS Package N28A 
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Absolute Maximum Ratings 



Min 

Max 

Supply Voltage, V s (Pin 6) 


13.2V 

Operating Temperature Range, T y 

- 20°C 

+ 60°C 

Storage Temperature Range, T s 

- 65°C 

+ 150°C 

Power Dissipation, P TO t 


1.7W 

Voltages 

VI, 4, 26 

V s /2 

v s + IV 

V2, 5, 27 

OV 

V S 

V3, 25, 28 


Note 1 

V7, 8, 9 


Note 1 



Min 


Max 

V10 

OV 


V S 

VII 

-0.5V 


3V 

V12, 13, 14 

V16, 19, 20 

OV 

Note 1 

V s /2 

V15, 17, 18 

V21.22, 23 

OV 

Note 1 

V S 


Current 


1 20 5 mA 


Electrical Characteristics v s =i2V(Note2),T A = 

25°C 





Parameter 

Conditions 

Min 

Typ 

Max 

Units 

l s Supply Current 



110 


mA 

COLOR DIFFERENCE STAGES 

1 \/i« — (B-Y) Signal Input for 75°/: Saturated Color Ezrs 1 



1 33 


Vp-n 

R18 Input Impedance 


100 



kG 

V18 Internal DC Clamp Voltage 



4.2 


V 

V17 -(R-Y) Signal Input for 75% Saturated Color Bars 



1.05 


Vp-p 

R17 Input Impedance 


100 



kG 

V17 Internal DC Clamp Voltage 



4.2 


V 

| SATURATION CONTROL (Pin 16) 

V16 Nominal Saturation 

OdB 


3.0 


V 


6dB 


4.0 


V 


- 20 dB 


2.1 


V 


> - 40 dB 


1.8 


V 

l 16 Input Current 




20 

aA 

LUMINANCE SIGNAL INPUT (Pin 15) 

\ 





V15 



0.45 


Vp-p 

R15 Input Impedance 



12 


kG 

V15 Internal Bias Voltage 



2.7 


V 

RGB CHANNELS 

Signal Switching (Pin 11) 






VII Matrixed Y, (B-Y), (R-Y) Signals Selected 


-0.5 


0.3 

V 

VII RGB Signal Inputs Selected 


0.9 


1.5 

V 

In Input Current 


-100 


200 

„A 

V12, 13, 14 RGB Input Signal Level (Note 3) 

Pin 12= B, Pin 13 = G, 

Pin 14 = R 



1 

Vp-p 

V12, 13, 14 Internal DC Clamp Voltage 



3.5 


V 

Ii 2 , 13, 14 Input Current 




5 

aA 

CONTRAST CONTROL (Pin 19) 

V19 Nominal Contrast 

OdB 


3.4 


V 


3 dB 


4.0 


V • 


- 6 dB 


2.7 


V 


- 17 dB 


2.0 


V 

l 19 Input Current 




10 

aA 

BRIGHTNESS CONTROL (Pin 20) 

V20 Input Voltage Range 


1 


3 

V 

l 2 o Input Current 




10 

aA 

V20 Input Voltage for Nominal Black Level 

Black Level Equal to 

Output Stage Clamp Level 


2 


V 

Range of Black Level Adjustment Referred to 
Nominal Video Signal 

V20 1V-3V 


±50 


1% 
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Electrical Characteristics (continued) v s =i2V(Note2),T A =25°c 



Parameter 

Conditions 

Min 

Typ 

Max 

Units 1 

INTERNAL SIGNAL HANDLING | 


Referred to Nominal Video Signal and Black 

Towards White 






Level 

Towards Black 





WHITE DRIVE ADJUSTMENT (Pin 21 = B, Pin 22 = G, Pin 23 = R) | 


Nominal Gain 

V21, 22, 23 = 6V (Note 4) 


100 




Gain Reduction 

V21, 22, 23 = 0V 


40 


1 


Gain Increase 

V21, 22, 23 = 12V 


40 



R21, 22, 23 

Input Impedance 


20 



k n 1 

OUTPUT STAGES 


Feedback Inputs 

Pin 2(G), Pin 5(B), Pin 23(R) 





V2, 5, 27 

Voltage During Clamping 


5.79 


5.95 

V 

AV2, 5, 27 

Voltage Difference Between the Feedback 

Inputs 




80 

mV 

R2, 5, 27 

Input Resistance 


100 



k n 


Amplifier Outputs 

Pin 1(G), Pin 4(B), Pin 26(R) 

Conductance of Error 

Amplifier 


20 


mA/V 



Ali _ AI4 _ AI 26 







AV2 AV5 AV27 





R1, 4, 26 

Integrated Load Resistance 



610 


0 

*1, 4, 26 

Peak Output Current 


-5 


5 

mA 

V2, 5, 27/V15 

Gain Between Luminance Input and the 

Nominal Contrast, 


10 


dB 


Feedback Inputs 

Saturation and Drive 

Settings 





AV2, 5, 27/V15 

Frequency Response 

0 MHz-5 MHz 



3 

dB 

<|< 

II 

5|5 

Gain Between Color Difference Inputs and the 

Nominal Contrast, 


0 


dB 

Feedback Inputs 

Saturation and Drive 

Settings 






AV5 AV27 

Frequency Response 

0 MHz-2 MHz 



3 

dB 

V18 V17 



V2 V5 V27 

V13 V12 V14 

Gain Between the RGB Inputs and the Feed- 
back Inputs 

Nominal Contrast and 

Drive Settings 


0 


dB 

AV2 AV5 

Frequency Response 

0 MHz-5 MHz 



3 

dB 

V13 V12 



AV27 

V14 







SANDCASTLE DETECTOR (Pin 10) | 


Three Internal Switching Levels for the 

Separation of the Sandcastle Pulse Information 

Proportional to V s 





V10 

H and V Pulse (Note 5) 


2 


3 

V 


H Pulse (Note 6) 


4 


5 

V 


Clamp Pulse (Note 7) 


7.5 



V 


Low Level 




1 

V 

~ ho 

Input Current 




100 

mA 


Note 1: No externally applied voltages. 

Note 2: Supply voltage range (pin 6), Vg = 10.8V - 13.2V. 

Note 3: During the clamp pulse period, the RGB inputs should be at black level as they are clamped to be equal to the matrixed luminance and color difference 
signal black levels. The output impedance of the drive to the RGB inputs should be less than 2000 for correct clamp operation. 

Note 4: With no external connection, pins 21, 22, 23 are internally biased to 6V. 

Note 5: Blanking level =- 20%. 

Note 6: Blanking level = 0% = clamp level. 

Note 7: Minimum pulse width = 3.5 /*s. The clamps are permanently activated if pin 10 is open. 
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Pin Function Description 

Pin Function Pin Function 


1 Green output signal. 

2 Green signal feedback. 

The signal gain of both the video output stages 
and 1C amplifier are stabilized by the feedback 
circuits. DC clamping is achieved by sampling 
the feedback level during blanking. The black 
level potentials at the collectors of the video 
output stages may be varied independently by 
adjustable DC current sources applied to the 
feedback input pins. The DC levels at these pins 
are such that the feedback resistor and a re- 
sistor network between the 12V supply and 
earth provide a potential of 6V during blanking. 

3 Clamp capacitor for blue output stage. 

4 Blue output signal. 

5 Blue signal feedback (see pin 2). 

6 Positive 12V supply. 

7 Blue black level clamp capacitor. 

8 Green black level clamp capacitor. 

9 Red black level clamp capacitor. 

10 Sandcastle pulse input. 

A sandcastle pulse derived, for example, from a 
TDA2593 line oscillator should be applied to 
this pin. 

A voltage between 4 V and 5V will operate the 
line blanking to nominal clamp level. For frame 
blanking 20% below clamp level, a voltage 
between 2V and 3V may be applied. A pulse 
greater than 7.5 V is required to operate the 
clamp circuits. 

11 Signal switching input. 

A voltage less than 0.3V will enable the matrixed 
Y, (B-Y), (R-Y) signals. An input greater than 0.9V 
will select the RGB input signals. If no connec- 
tion is made, the matrixed signals are selected. 

12 Blue input. 

The positive-going input signal is required to be 
AC coupled from a low impedance source. The 
coupling capacitor also acts as a clamp capaci- 
tor. The high input impedance enables low 
value coupling capacitors to be used. 

13 Green input (see pin 12). 

14 Red input (see pin 12). 

15 Luminance signal input. 

A positive-going input signal is required. This 
pin is internally biased to 2.7V with an input im- 
pedance of 12 kfi. 

16 Saturation control input. 

17 -(R-Y) signal input. 

The negative, -(R-Y), input should be AC 
coupled from a low impedance source. The 
coupling capacitor also acts as a clamp capaci- 
tor. The high input impedance enables low 
value coupling capacitors to be used. 


18 B-Y signal input (see pin 17). 

19 Contrast control input. 

20 Brightness control input. 

21 Blue drive adjustment. 

A gain variation of typ ±40% about the 
nominal is obtained as the voltage of this pin is 
varied ± 6V about the nominal value of 6V. If no 
connection is made, nominal gain is obtained. 

22 Green drive adjustment (see pin 21). 

23 Red drive adjustment (see pin 21). 

24 Negative supply, 0V (earth). 

25 Clamp capacitor for red output stage. 

26 Red output signal. 

27 Red signal feedback (see pin 2). 

28 Clamp capacitor for green output stage. 

Application Hints 

To use the TDA3500 as a VDU driver with RGB input only, 
the Y input (pin 15) may be left open. The B-Y and R-Y input 
capacitors, pins 17 and 18, should be connected to ground 
to act as clamp capacitors. 

If operation without RGB inputs is required, pins 12, 13 and 
14 may be left unconnected. Pin 11 may be unconnected or 
grounded. 

The input coupling capacitor to pin 15 is not used as a 
clamp capacitor and may be omitted if AC coupling has 
been carried out in an earlier stage, or if the signal 
amplitude is so well defined as to remain within the win- 
dow of the 1C when DC coupled. A nominal bias of 2.7V at 
black level should be provided. 

The nominal control ranges for brightness, contrast and 
saturation given in the data may be changed with suitable 
potential dividers. The application circuit shows control 
ranges arranged for 0V-12V operation. 

When the TDA3500 is not driving video output stages but 
providing low level outputs, low gain inverting amplifier 
stages are still required to provide feedback for the 1C out- 
put stages. 

Class AB video output stages are shown in the application 
circuit. Though using more components than class A 
types, they offer reduced power dissipation and better 
transient response. For good frequency response and sta- 
bility, care is required with the stray capacitances on the 
printed circuit board. In a compact board layout this ap- 
plies particularly to the capacitance between the video 
output and the feedback pins. The feedback resistor 
should be a low capacitance type. 

Note 1: Attention should be given to earth paths, avoiding common im- 
pedances between the input (decoder) side and the output stages. 

Note 2: Printed track area connected to the feedback pins should be kept 
to a minimum. 

Note 3: To ensure a matched performance of the video output stages, a 
symmetrical layout of three stages should be employed. 
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TDA3500 


TDA3500 


Block Diagram 


DATA 

INPUTS 



SWITCHING 2V-4V 1V-3V 

_n i 


PULSE 

2.5V, 4.5V, 8V 

_r n: E 


11V 

4.5V 

OV 
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Typical Application and Test Circuit 
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TDA3501 



National 

Semiconductor 


TV Circuits 


TDA3501 Chroma Processor + RGB Drive Combination 


General Description 

The TDA3501 is the same basic video processor as the 
TDA3500 with the addition of a gated peak beam current 
limiter circuit. Pin 23 is used as the beam current control 
input and the red channel gain is biased internally to the 
nominal value. Drive setting is achieved using the green 
and blue gain adjustments only. 

Application Hints 

The TDA3501 is intended to be used for peak beam current 
limiting. Referring to the application circuit, the changing 
beam current waveform is developed across the resistor in 
series with the CRT aquadag ground return. This wave- 
form is AC coupled to pin 23 of the TDA3501 where it is DC 


restored to supply. When the negative-going peaks during 
the scan period pass the beam current input threshold, the 
contrast starts to be reduced. This action is gated off dur- 
ing the flyback period, blanking out flyback transients. 
The contrast control voltage is pulled down via an internal 
sink to pin 19, and the decoupling capacitor on this pin 
integrates the current pulses. Under extremes of beam 
current, the brightness will be pulled down via the internal 
diode connected between pins 19 and 20. 

Pin 23 may also be used as an alternative blanking input, 
for example, for frame blanking instead of using a three- 
level sandcastle pulse. Negative-going blanking pulses 
are required and the decoupling on pin 19 should be iso- 
lated via a series resistor for reasonable rise and fall times. 


Connection Diagram 


Dual-ln-Line Package 



CLP CAP 
RED FDBK 
RED OUTPUT 
CLP CAP 
GND 

BEAM CURRENT LIMIT 
GREEN GAIN SET 
BLUE GAIN SET 
BRIGHTNESS CONTROL 
CONTRAST CONTROL 
-(B-Y) INPUT 
— (R-Y) INPUT 
SATURATION CONTROL 
LUMA INPUT 


Order Number TDA3501 N 
See NS Package N28A 


11-102 





Electrical Characteristics V s = 12V, Ta = 25°C. The TDA3500 data applies except for the following parameters. 


Parameter 

Conditions 


Typ 

Max 

Units 


CONTRAST CONTROL (Pin 19) 


*19 

•l9 

Contrast Control Input Current 

Current Sinking 

V23>6V 

V23 = 5.8V 

V23 = 5.7V 

V23 = 5.6V 


0.7 

10 

16 

10 

mA 

mA 

mA 

mA 

BEAM CURRENT CONTROL (Pin 23) 

V23 

Internal Bias Voltage (Pin 23) 



6 


V 

R23 

Input Impedance 



10 


kn 


n i r\< 


Ul 


(R-Y) 


INPUT 

CLAMP 

SAT 

CONTROL 


«H 

OH 

MAI 

RIX 


(B-Y) 


INPUT 

CLAMP 

SAT 

CONTROL 


f 


R-MATRIX 

■ 

■ 

■ 

■ 



G-MATRIX 

■ 

■ 

■ 


■ 


PEAK BEAM 
CURRENT 
LIMIT 


Tie 

SATURATION 

2V-4V 


J23 
PEAK 
BEAM 
CURRENT 
T 


B-MATRIX 

SIGNAL 

SWITCHING 

STAGE 

CONTRAST 

BRIGHTNESS 

BLACK 

LEVEL 

CLAMP 

BLANKING 

GAIN 

CONTROL 

(WHITE 

ADJUST) 

OUTPUT 

AMPLIFIER 




CLAMP 

PULSE 

V + H 

3 

SANDCASTLE 

DETECTOR 


11 T 19 T T 20 T 10 

SIGNAL CONTRAST BRIGHTNESS SANDCASTLE 
SWITCHING 2V-4V 1V-3V PULSE 

2.5V, 4.5V, 8V 


if 

Vs — 


1 


- TO RED OUTPUT STAGE 


lb. 




“1 


-TO GREEN OUTPUT STAGE 


lb. 


1 


> TO BLUE OUTPUT STAGE 




a 


_Jiz 
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Transistor/Diode Arrays Selection Guide 



LM194/LM394 


TO National 
kA Semiconductor 


Transistor/ Diode Arrays 


LM194/LM394 Supermatch Pair 

General Description 

The LM194 and LM394 are junction isolated ultra > T 
well-matched monolithic NPN transistor pairs with an p 

order of magnitude improvement in matching over con- a 

ventional transistor pairs. This was accomplished by rr 

advanced linear processing and a unique new device ai 

structure. h 

ir 

Electrical characteristics of these devices such as drift 
versus initial offset voltage, noise, and the exponential T 

relationship of base-emitter voltage to collector current ir 

closely approach those of a theoretical transistor. Extrin- T 

sic emitter and base resistances are much lower than el 

presently available pairs, either monolithic or discrete, 
givincj extremely low noise and theoretical operation over 
a wide current range. Most parameters are guaranteed « 
over a current range of 1/iA to 1 mA and 0 V up to 40V B 
collector-base voltage, ensuring superior performance 
in nearly all applications. 

To guarantee long term stability of matching parameters, ■ 
internal clamp diodes have been added across the emitter- 
base junction of each transistor. These prevent degrada- 
tion due to reverse biased emitter current— the most 
common cause of field failures in matched devices. The 
. parasitic isolation junction formed by the diodes also m 
clamps the substrate region to the most negative emitter 
to ensure complete isolation between devices. ■ 


The LM194 and LM394 will provide a considerable im- 
provement in performance in most applications requiring 
a closely matched transistor pair. In many cases, trim- 
ming can be eliminated entirely, improving reliability 
and decreasing costs. Additionally, the low noise and 
high gain make this device attractive even where match- 
ing is not critical. 

The LM194 and LM394/LM394B/LM394C are available 
in an isolated header 6-lead TO-5 metal can package. 
The LM194 is identical to the LM394 except for tighter 
electrical specifications and wider temperature range. 

Features 

■ Emitter-base voltage matched to 50/iV 

■ Offset voltage drift less than 0.1juV/°C 

■ Current gain (h FE ) matched to 2% 

■ Common-mode rejection ratio greater than 120 dB 

■ Parameters guaranteed over 1/tA to 1 mA collector 
current 

■ Extremely low noise 

■ Superior logging characteristics compared to conven- 
tional pairs 

■ Plug-in replacement for presently available devices 


Typical Applications 


Low Cost Accurat e Square Root Circuit 
•OUT = io~ 5 • Vio v, N 


Low Cost Accurate Squaring Circuit 
'OUT = 10" 6 <V, n )2 



N<+10V 



£l00k* 

>1% 

lOOfjA 

p 


c 

J7 

vs 


300 pF 

i I I 


' N 

II 

i Mini a Ns w— 

i l— f LM394 

h 

LIVIJUIM / 

3 >f8 

2k 

5% 

150k , 

1% ; 


*Trim for full scale accuracy 
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Absolute Maximum Ratings 


Collector Current 
Collector-Emitter Voltage 
Collector-Emitter Voltage 
LM394C 

Collector-Base Voltage 
LM394C 

Co|lector-Substrate Voltage 
LM394C 


Electrical Characteristics it, = 25 °ci 


Collector-Collector Voltage 
LM394C 

Base-Emitter Current 
Power Dissipation 
Junction Temperature 
LM194 

LM394/LM394B/LM394C 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 


-55° C to +125°C 
-25°C to +85° C 
-65°C to +150°C 
300° C 


Current Gain (h FE ) 

V CB = 0V to VmaX (Note 1) 
l c = 1 mA 
l c = 100pA 
l c = lOpA 
l c - IPA 

Current Gain Match (h FE Match) 

V CB = 0V to VMAX 

100 [A| b ] [h FE{M | N) ] 

l c = lOpA to 1 mA 

*c 

ic = ipA 

Emitter-Base Offset Voltage 

Vcb=0 

l c = IjuA to 1 mA 

Change in Emitter-Base Offset 

(Note 1) 

Voltage vs Collector-Base 

l c = IpA to 1 mA, 

Voltage (CMRR) 

V CB = 0V to vmax 

Change in Emitter-Base Offset 

V CB = 0V, 

Voltage vs Collector Current 

l c = IpA to 0.3 mA 

Emitter-Base Offset Voltage 

l c = 10/iA to 1 mA (Note 2) 

Temperature Drift 

•ci = !c 2 

V q S Trimmed to 0 at 25°C 

Logging Conformity 

l c = 3 nA to 300 /jA, V cb =0, 
(Note 3) 

Collector-Base Leakage 

V CB =VMAX 

Collector-Collector Leakage 

v C c = Vmax 

Input Voltage Noise 

l c = lOOpA, V CB = 0V, 
f = 100 Hz to 100 kHz 

Collector to Emitter Saturation 

\n = 1 mA. In = IOuA 


Nofe 1: Collector-base voltage is swept from 0 to V^ax at a collector current of 1mA, 10mA, 100/jA, and 1 mA. 

Note 2: Offset voltage drift with Vos = 0 at T/\ = 25°C is valid only when the ratio of I c 1 to *C2 ' s adjusted to give the initial zero offset. This 
ratio must be held to within 0.003% over the entire temperature range. Measurements taken at +25°C and temperature extremes. 

Note 3: Logging conformity is measured by computing the best fit to a true exponential and expressing the error as a base-emitter voltage 
deviation. 

Typical Applications (Continued) 

Fast. Accurate Logging Amplifier, V||\j = 10V to 0.1 mV or lj|\j = 1 mA to 10 nA 


*Tel Labs type Q81 +0.3%/ J C 

VouT “- ,09, ° (^ref) 


LM194/LM394 








LM194/LM394 


Typical Applications (Continued) 


Voltage Controlled Variable Gain Amplifier 



*R8 — RIO and D2 povide a temperature Distortion <0.1% 
independent gain control. Bandwidth^ 1 MHz 

G = —336 VI (dB) 100 dB gain range 


Precision Low Drift Operational Amplifier 



12-6 










Typical Applications (Continued) 

High Accuracy One Quadrant Multiplier/Divider 


R5 

50k 

1% 



(X) (V) 

VquT = ; positive inputs only. 

(Z) 


‘Typical linearity 0.1% 


High Performance Instrumentation Amplifier 



G = 100 G = 10 

< 0.02 < 0 05 % 

>110 >90 dB 

>90 >70 dB 


>110 >110 dB 

>90 >70 dB 

50 50 kHz 

0.3 0.3 V/n s 

<2 <10 mV/°C 

> 10 9 > 10 9 12 

>3x10 8 >3x10® n 


12 70 nV_ 

n/Hz 

75 75 nA 

1.5 1 .5 nA 

±11 ±10 V 

±13 ±13 V 


12 
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LM194/LM394 


Typical Performance Characteristics 


Small Signal Current Gain vs 
Collector Current 



0.001 0.01 0.1 1 10 
l c - COLLECTOR CURRENT (mA) 


DC Current Gain vs Temperature 



Unity Gain Frequency (f t ) vs 
Collector Current 



0.001 0.01 0.1 1 10 
l c - COLLECTOR CURRENT (mA) 


Offset Voltage Drift vs Initial 
Offset Voltage 



-200 -100 0 100 200 


Base-Emitter On Voltage vs 
Collector Current 



0.001 0.01 0.1 1 10 


INITIAL OFFSET VOLTAGE < P V) 


l c - COLLECTOR CURRENT (mA) 


Small Signal 
Input Resistance (h; e ) 
vs Collector Current 



0.001 0.01 0.1 1 10 
l c - COLLECTOR CURRENT (mA) 


Small Signal Output Conductance 
vs Collector Current 



l c - COLLECTOR CURRENT (mA) 


Collector-Emitter Saturation Voltage 
vs Collector Current 



0.001 0.01 0.1 1 10 
lc - COLLECTOR CURRENT (mA) 


Input Voltage Noise vs 
Frequency 



0.01 0.1 1 10 100 
f- FREQUENCY (kHz) 


Base Current Noise vs Frequency 



Noise Figure vs Collector Current 



0.001 0.01 0.1 1 


Collector to Collector 
Capacitance vs Reverse 



0 10 20 30 40 SO 


f- FREQUENCY (kHi) 


l c - COLLECTOR CURRENT (mA) 


COLLECTOR TO COLLECTOR VOLTAGE (V) 
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Typical Performance Characteristics (Continued) 


Collector to Collector Capacitance 
vs Collector-Substrate Voltage 



0 10 20 30 40 SO 

COLLECTOR TO SUBSTRATE VOLTAGE (V) 


Emitter-Base Capacitance vs 
Reverse Bias Voltage 



0 0.1 0.2 0.3 0.4 0.5 0.6 

REVERSE BIAS VOLTAGE (V) 


Collector-Base Capacitance vs 
Reverse Bias Voltage 



0 10 20 30 40 50 

REVERSE BIAS VOLTAGE (V CB ) 


Collector-Base Leakage vs 
Temperature 



25 50 75 100 125 

T, - JUNCTION Temperature ( C) 


Collector to Collector Leakage 
vs Temperature 



25 50 75 100 125 

T, - JUNCTION TEMPERATURE { C) 


Offset Voltage Long Term 
Stability at High Temperature 



0 200 400 600 800 1000 


TIME (HRS) 



10~ 8 10" 7 10" 6 10" 5 lO - 4 10~ 3 

l c - COLLECTOR CURRENT (A) 


Low Frequency Noise of Differential Pair* 



Connection Diagram 


TIME (SEE GRAPH) 

*Unit must be in still air environment so that 
differential lead temperature is held to less 
than 0.0003° C. 


Metal Can Package 



TOP VIEW 


Order Number LM194H, LM394H 
LM394BH or LM394CH 
See NS Package H06C 
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LM195/LM295/LM395 



National 

Semiconductor 


Transistor/ Diode Arrays 


LM195/LM295/LM395 Ultra Reliable Power Transistors 


General Description 

The LM195/LM295/LM395 are fast, monolithic 
power transistors with complete overload protec- 
tion. These devices, which act as high gain power 
transistors, have included on the chip, current 
limiting, power limiting, and thermal overload 
protection making them virtually impossible to 
destroy from any type of overload. In the standard 
TO-3 transistor power package, the LM195 will 
deliver load currents in excess of 1.0A and can 
switch 40V in 500 ns. 

The inclusion of thermal limiting, a feature not 
easily available in discrete designs, provides virtually 
absolute protection against overload. Excessive 
power dissipation or inadequate heat sinking 
causes the thermal limiting circuitry to turn off 
the device preventing excessive heating. 

Features 

■ Internal thermal limiting 

■ Greater than 1.0A output current 

■ 3.0juA typical base current 

■ 500 ns switching time 

■ 2.0V saturation 

■ Base can be driven up to 40V without damage 

■ Directly interfaces with CMOS or TTL 

■ 100% electrical burn-in 


The LM195 offers a significant increase in reliabil- 
ity as well as simplifying power circuitry. In some 
applications, where protection is unusually difficult, 
such as switching regulators, lamp or solenoid 
drivers where normal power dissipation is low, the 
LM195 is especially advantageous. 


The LM195 is easy to use and only a few pre- 
cautions need be observed. Excessive collector to 
emitter voltage can destroy the LM195 as with 
any power transistor. When the device is used as 
an emitter follower with low source impedance, it 
is necessary to insert a 5.0k resistor in series with 
the base lead to prevent possible emitter follower 
oscillations. Although the device is usually stable 
as an emitter follower, the resistor eliminates the 
possibility of trouble without degrading perform- 
ance. Finally, since it has good high frequency 
response, supply by passing is recommended. 


The LM195/LM295/LM395 are available in stand- 
ard TO-3 power packages and solid Kovar TO-5. 
The LM195 is rated for operation from -55°C to 
+ 1 50°C, the LM295 from -25°C to +150°C and 
the LM395 from 0°C to +125°C. 


Simplified Circuit and Connection Diagrams 


TO-3 Metal Can Package 


TO-220 Power Package 




BOTTOM VIEW 

Order Number LM195K, 
LM295K or LM395K 
See NS Package K02A 


TO-5 Metal Can Package 



CASE IS EMITTER 
BOTTOM VIEW 

Order Number LM195H, 
LM295H or LM395H 
See NS Package H03B 


O 

EMITTER| 

>-"-1 


Order Number LM395T 
See NS Package T03B 


TO-202 Power Package 

EMITTER 



FRONT VIEW 

Order Number LM395P 
See NS Package P03A 
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Absolute Maximum Ratings 


Collector to Emitter Voltage 


LM195, LM295 

42V 

LM395 

36V 

Collector to Base Voltage 

LM195, LM295 

42V 

LM395 

36V 

Base to Emitter Voltage (Forward) 

LM195, LM295 

42V 

LM395 

36V 

Base to Emitter Voltage (Reverse) 

20V 

Collector Current 

Internally Limited 

Power Dissipation 

Internally Limited 

Operating Temperature Range 

LM195 

-55° C to +1 50°C 

LM295 

— 25°C to +1 50°C 

LM395 

0°C to +1 25°C 

Storaqe Temperature Range 

-65° C to +1 50°C 

Lead Temperature (Soldering, 10 seconds) 

300 c C 


Preconditioning 

100% Burn-In In Thermal Limit 

Electrical Characteristics (Note d 


PARAMETER 

CONDITIONS 

| LM195, LM295 | 

LM395 | 

UNITS 

| MIN 

TYP 

MAX 

MIN 

TYP 

MAX 

Collector-Emitter Operating Voltage 
(Note 3) 

Iq < lc < 'max 




42 



36 

V 

Base to Emitter Breakdown Voltage 

0 < V CE < Vcemax 

42 




36 

60 


V 

Collector Current 










TO-3, TO-220 

V CE < 15V 

1.2 


2.2 


1.0 

2.2 


A 

TO-5, TO-202 

V CE < 7.0V 

1.2 


1.8 


1.0 

1.8 


A 

Saturation Voltage 

I c <1.0A,T a = 25°C 



1.8 

2.0 


1.8 

2.2 

V 

Base Current 

0 < lc < Imax 

0 < v CE < v CEMAX 



3.0 

5.0 


3.0 

10 

ma 

Quiescent Current (Iq) 

V be = 0 

0<v ce <v cemax 



2.0 

5.0 


2.0 

10 

mA 

Base to Emitter Voltage 

l c = 1.0 A,T a =+25°C 



0.9 



0.9 


V 

Switching Time 

V CE = 36V, R l = 36ft, 

T a = +25°C 



500 



500 


ns 

Thermal Resistance Junction to 

TO-3 Package 



2.3 

3.0 


2.3 

3.0 

°C/W 

Case (Note 2) 

TO-5 Package 



12 

15 


12 

15 

°C/W 


Note 1: Unless otherwise specified, these specifications apply for -55°C < T; < +150°C for the LM195, -25°C < Tj < +150°C 
for the LM295 and 0°C < +1 25° C for the LM395. 

Note 2: Without a heat sink, the thermal resistance of the TO-5 package is about +150°C/W, while that of the TO-3 package 
is +35°C/W. 

Note 3: Selected devices with higher breakdown available. 


12 
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LM195/LM295/LM395 


Typical Performance Characteristics 



0 5.0 10 15 20 25 30 35 


COLLECTOR-EMITTER VOLTAGE (V) 



0 5.0 10 15 20 25 30 35 

COLLECTOR-EMITTER VOLTAGE (V) 



0 0.4 0.8 1.2 1.6 2.0 

COLLECTOR CURRENT (A) 


Quiescent Current 



Base Emitter Voltage 



-55 -35 -15 5.0 25 45 65 85 105 125 

TEMPERATURE (°C) 


Base Current 


■ 

■ 

■ 

■ 

■ 


■i 

■ 

m 

OS 

n 

m 


■ 





m 

m 

qh 

H 

% 

m 

if 


m 

■i 

■ 

S3 

S 

Qj 


■ 

■ 

■ 

in 

■ 

■ 




H; 

in 




■ 

■ 

11 

Vfl 

■ 

■ 



■! 


-0.8 -0.4 0 0.4 0.8 1.2 20 40 

8ASE EMITTER VOLTAGE (V) 


Saturation Voltage 

2.5 I T 1 I 



cc 


< 0.5 


0 0.5 1.0 1.5 

COLLECTOR CURRENT (A) 


Response Time 



0 1.0 2.0 3.0 

TIME (/js) 


Response Time 



0 0.4 0.8 1.2 

TIME (jus) 
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LM195/LM295/LM395 


Typical Applications 


C4 



tT 1 *' 


1 .0 Amp Voltage Follower 



“NEEDED FOR STABILITY 

Power PNP 
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'ORIVE VOLTAGE OV TO > 1.0V ^ 42V 


CMOS or TTL Lamp Interface 


Two Terminal Current Limiter 


40V Switch 






Typical Applications (Continued) 



6.0V Shunt Regulator with Crowbar 


Two Terminal 100 mA Current Regulator 



TURNON 350 inV 
TURN OFF 200 mV 


Low Level Power Switch 



R t £l2n t=ric 

R2-3R1 

R2^l2k 


Power One-Shot 


m 


Cl 

R3 —4“ 

Li qi 


1 1 

5.0k yS 

n I LMI95 

INPUT- 

i hr 

— vw— -T 

LhJ 


< 

C2 ^ 

l 



50/jF t— 1 


*N££0 FOR STABILITY 

Emitter Follower 


High Input Impedance AC Emitter Follower 



Fast Follower 
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LM3045, LM3046, LM3086 



National 

Semiconductor 


Transistor/Diode Arrays 


LM3045, LM3046, LM3086 Transistor Arrays 


General Description 

The LM3045, LM3046, and LM3086 each consist 
of five general purpose silicon NPN transistors on 
a common monolithic substrate. Two of the tran- 
sistors are internally connected to form a differ- 
entially-connected pair. The transistors are well 
suited to a wide variety of applications in low 
power system in the DC through VHF range. They 
may be used as discrete transistors in conventional 
circuits however, in addition, they provide the 
very significant inherent integrated circuit advan- 
tages of close electrical and thermal matching. The 
LM3045 is supplied in a 14-lead cavity dual-in-line 
package rated for operation over the full military 
temperature range. The LM3046 and LM3086 are 
electrically identical to the LM3045 but are 
supplied in a 14-lead molded dual-in-line package 
for applications requiring only a limited temper- 
ature range. 


Features 

■ Two matched pairs of transistors 

V BE matched ±5 mV 

Input offset current 2/uA max at l c = 1 mA 

■ Five general purpose monolithic transistors 

■ Operation from DC to 120 MHz 

■ Wide operating current range 

■ Low noise figure 3.2 dB typ at 1 kHz 

o Full military 

temperature range (LM3045) ~55°C to +125°C 

Applications 

■ General use in all types of signal processing 
systems operating anywhere in the frequency 
range from DC to VHF 

■ Custom designed differential amplifiers 

■ Temperature compensated amplifiers 


Schematic and Connection Diagram 


Dual-ln-Line Package 


SUBSTRATE 



Order Number LM3045J 
See NS Package J14A 
Order Number LM3046N 
or LM3086N 
See NS Package N14A 
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Absolute Maximum Ratings 

(T a = 25°C) 

LM3045 

LM3046/LM3086 



Each Total 

Each Total 

Units 


Transistor Package 

Transistor Package 

Power Dissipation: 

T a = 25° C 

300 750 

300 750 

mW 

T a = 25° C to 55° C 


300 750 

mW 

T a > 55° C 


Derate at 6.67 

mW/°C 

T a = 25° C to 75°C 

300 750 


mW 

T a > 75° C 

Derate at 8 


mW/°C 

Collector to Emitter Voltage, V CEO 

15 

15 

V 

Collector to Base Voltage, V CBO 

20 

20 

V 

Collector to Substrate Voltage, V clo (Note 1) 

20 

20 

V 

Emitter to Base Voltage, V EBO 

5 

5 

V 

Collector Current, l c 

50 

50 

mA 

Operating Temperature Range 

-55°C to +125°C 

-40° C to +85° C 


Storage Temperature Range 

-65° C to +150°C 

-65° C to +85° C 


Lead Temperature (Soldering, 10 sec) 

300 

300 

°C 


Electrical Characteristics (T A = 25°C unless otherwise specified) 





LIMITS 

LIMITS 


PARAMETER 

CONDITIONS 

LM3045, LM3046 

LM3086 

UNITS 





TYP 

BQ3 


, TYP 



Collector to Base Breakdown Voltage (V( BR)CBO ) 

l c = 10/iA, 

e = 0 

20 

60 


20 

60 


V 

Collector toEmitter Breakdown Voltage (V (BR)CEO ) 

lc - 1 mA, l Q — 0 

15 

24 


15 

24 


V 

Collector to Substrate Breakdown Voltage 
(V(BR)CIO) 

lc = 10/iA, 1 c i = 0 

20 

60 


20 

60 


V 

Emitter to Base Breakdown Voltage (V( BR ) EBO ) 

l E = 10/iA, l c = 0 

5 

7 


5 

7 


V 

Collector Cutoff Current (l CBO ) 

v CB = iov 

i E = o 


.002 

40 


.002 

100 

nA 

Collector Cutoff Current (l CEO ) 

V CE =10V, l B = 0 



.5 



5 

/iA 

Static Forward Current Transfer Ratio (Static 

Beta) (hp^) 

V CE = 3V 

l c = 10 mA 
l c = 1 mA 
l c = 10/iA 

40 

100 

100 

54 


40 

100 

100 

54 



Input Offset Current for Matched Pair Qt and Q 2 

lioi - ho2l 

V CE = 3V, 

c = 1 mA 


.3 

2 




/iA . 

Base to Emitter Voltage (V BE ) 

V CE = 3V 

1 E = 1 mA 
l E = 10 mA 


.715 

.800 



.715 

.800 


V 

Magnitude of Input Offset Voltage for 

Differential Pair IV BE1 - V BE2 I 

V CE = 3V, 

c = 1 mA 


.45 

5 




mV 

Magnitude of Input Offset Voltage for Isolated 
Transistors iV BE 3 _ V BB 4 l, IV B £4 — V B esI, 
l V BE5 ~ V B E3 i 

< 

o 

< 

c = 1 mA 


.45 

5 




mV 

Temperature Coefficient of Base to Emitter 










Voltage (^p) 

V CE = 3V, 

c = 1 mA 


-1.9 



-1.9 


mV/°C 

Collector to Emitter Saturation Voltage (V CE(SAT) ) 

l B = 1 mA, l c = 10 mA 


.23 



.23 


V 

Temperature Coefficient of Input Offset 










Voltage (^) 

V CE = 3V, 

c = 1 mA 


1.1 





/iV/°C 


Note 1: The collector of each transistor of the LM3045, LM3046, and LM3086 is isolated from the substrate by an integral 
diode. The substrate (terminal 13) must be connected to the most negative point in the external circuit to maintain isolation 
between transistors and to provide for normal transistor action. 
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Electrical Characteristics (Continued) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Low Frequency Noise Figure (NF) 

f = 1 kHz, V CE = 3V, l c = 100 mA 
R s = 1 kft 


3.25 


dB 

Low Frequency, Small Signal Equivalent Circuit Characteristics: 





Forward Current Transfer Ratio (h fe ) 



110 (LM3045, LM3046) 






(LM3086) 



Short Circuit Input Impedance (h ie ) 

f = 1 kHz, V CE = 3V, l c = 1 mA 


3.5 


kfi 

Open Circuit Output Impedance (h oe ) 


15.6 


jumho 

Open Circuit Reverse Voltage Transfer Ratio (h re ) 



1.8x10~ 4 



Admittance Characteristics: 






Forward Transfer Admittance (Y fe ) 



31 -j 1.5 



Input Admittance (Y ie ) 

f = 1 MHz, V CE = 3V, l c =1mA 


0.3+j 0.04 



Output Admittance (Y oe ) ■' 


0.001+j 0.03 



Reverse Transfer Admittance (Y re ) 



See curve 



Gain Bandwidth Product (f T ) 

V ce = 3V, l c = 3 mA 

300 

550 



Emitter to Base Capacitance (C EB ) 

V eb = 3V, l E = 0 


.6 


pF 

Collector to Base Capacitance (C CB ) 

V cb = 3V, l c = 0 


.58 


PF 

Collector to Substrate Capacitance (C ci ) 

V cs = 3V, l c = 0 


2.8 


pF 


Typical Performance Characteristics 


Typical Collector To Base 
Cutoff Current vs Ambient 
Temperature for Each 
Transistor 


Typical Collector To Emitter 
Cutoff Current vs Ambient 
Temperature for Each 
Transistor 




0 25 50 75 100 125 


Typical Static Forward 
Current-Transfer Ratio and 
Beta Ratio for Transistors Q>| 
and Q2 vs Emitter Current 



.01 .1 1 10 


T a - AMBIENT TEMPERATURE (°C) 


T a - AMBIENT TEMPERATURE ( C) 


l E - EMITTER (mA) 


Typical Input Offset Current 
for Matched Transistor Pair 



.01 .1 1 10 
l c - COLLECTOR (mA) 


Typical Static Base To Emitter 
Voltage Characteristic and Input 
Offset Voltage for Differential 
Pair and Paired Isolated 
Transistors vs Emitter Curreht 



.01 .1 1 10 

l E - EMITTER (mA) 
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Typical Performance Characteristics (Continued) 


Typical Base To Emitter 
Voltage Characteristic for 
Each Transistor vs Ambient 
Temperature 


Typical Input Offset Voltage 
Characteristics for Differential 
Pair and Paired Isolated 
Transistors vs Ambient 
Temperature 


Typical Noise Figure vs 
Collector Current 



-75 -50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE ( C) 



T a - AMBIENT TEMPERATURE ( C) 



Typical Noise Figure vs 
Collector Current 


Typical Noise Figure vs 
Collector Current 


Typical Normalized Forward 
Current Transfer Ratio, Short 
Circuit Input Impedance, 

Open Circuit Output Impedance, 
and Open Circuit Reverse 
Voltage Transfer Ratio vs 
Collector Current 



.01 .1 1 


l c - COLLECTOR (mA) 



.01 .1 1 
l c - COLLECTOR (mA) 



.01 .1 1 10 


l c - COLLECTOR (mA) 


Typical Forward Transfer 
dc Admittance vs Frequency 



_2o I — i 1 1 linn i „i.i mm i 1 1 1 mu 

.1 1 10 100 
f- FREQUENCY (MHz) 


Typical Input Admittance 
vs Frequency 



.1 1 10 100 


f- FREQUENCY (MHz) 


Typical Output Admittance 
vs Frequency 



.1 1 10 100 
f -FREQUENCY (MHz) 
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Transistor/ Diode Arrays 


LM3146 High Voltage Transistor Array 


uenerai Description 

The LM3146 consists of five high voltage general pur- 
pose silicon NPN transistors on a common monolithic 
substrate. Two of the transistors are internally con- 
nected to form a differentially-connected pair. The 
transistors are well suited to a wide variety of appli- 
cations in low power system in the dc through VHF 
range. They may be used as discrete transistors in 
conventional circuits however, in addition, they pro- 
vide the very significant inherent integrated circuit 
advantages of close electrical and thermal matching. 
The LM3146 is supplied in a 14-lead molded dual-in- 
line package for applications requiring only a limited 
temperature range. 


Features 

■ High voltage matched pairs of transistors, Vg£ 
matched ±5 mV, input offset current 2jitA max at 
lc = 1 mA 

■ Five general purpose monolithic transistors 

■ Operation from dc to 120 MHz 

■ Wide operating current range 

■ Low noise figure 3.2 dB typ at 1 kHz 

Applications 

■ General use in all types of signal processing systems 
operating anywhere in the frequency range from dc to 
VHF 

■ Custom designed differential amplifiers 

■ Temperature compensated amplifiers 


Connection Diagram 


Dual-ln-Line Package 


SUBSTRATE 
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Absolute Maximum Ratings 



LM3146 

UNITS 

Power Dissipation: Each Transistor 

T a = 25°Cto 55° C 

300 

mW 

T a > 55°C 

Derate at 6.67 

mW/°C 

Power Dissipation: Total Package 

T a = 25°C 

500 

mW 

T a > 25°C 

Derate at 6.67 

mW/°C 

Collector to Emitter Voltage, V CEO 

30 

V 

Collector to Base Voltage, V CBO 

40 

V 

Collector to Substrate Voltage, V C) o (Note 1 ) 

40 

V 

Emitter to Base Voltage, V EBO (Note 2) 

5 

V 

Collector Current, l c 

50 

mA 

Operating Temperature Range 

—40 to +85 

°C 

Storage Temperature Range 

—65 to +150 

°C 

Lead Temperature (Soldering, 10 seconds) 

300 

°c 


DC Electrical Characteristics t a = 25 °c 





LIMITS 



PARAMETER 

CONDITIONS 




UNITS 



MIN 

TYP 

MAX 


Collector to Base Breakdown 

Voltage (V( BR ) CBO ) 

l c = 10pA, l E =0 

40 

72 


V 

Collector to Emitter Breakdown 
Voltage (V( BB ) CEO ) 

Iq = 1 mA, 1 B = 0 

30 

56 


V 

Collector to Substrate Breakdown 

lei = lO^A, l B = 0, 

40 

72 


V 

Voltage (V( B r) C)0 ) 

i E =o 





Emitter to Base Breakdown Voltage 
(V(br)ebo) (Note 2) 

. I c = 0, l E = 10juA 

5 

7 


V 

Collector Cutoff Current Ocbo) 

v CB = iov, l E = 0 


0.002 

100 

nA 

Collector Cutoff Current (I C eo) 

V C E = 10V, l 8 =0 


(Note 3) 

5 

VA 

Static Forward Current Transfer 

l c = 10 mA, V CE = 5V 


85 



Ratio (Static Beta) (h FE ) 

l c = 1 mA, V CE = 5V 

30 

100 




l c = 10pA, V CE = 5V 


90 



v Input Offset Current for Matched 

1 C 1 = Ic2 = 1 m A, 


0.3 

2 

MA 

Pair Q1 and Q2 ll B1 - l B2 l 

V CE = 5V 





Base to Emitter Voltagfe (V BE ) 

l c = 1 mA, V CE = 3V 

0.63 

0.73 

0.83 

V 

Magnitude of Input Offset Voltage 
for Differential Pair |V BE1 - V BE2 I 

V C e = 5V, l E = 1 mA 


0.48 

5 

mV 

Temperature Coefficient of Base 
to Emitter Voltage (AV BE /AT) 

V CE = 5V, l E = 1 mA 


-1.9 


mV/ 0 C 

Collector to Emitter Saturation 

Voltage (V CE ( SAT )) 

lc = 10 mA, 1 B = 1 mA 


0.33 


V 

Temperature Coefficient of Input 
Offset Voltage (AV 10 /AT) 

l c = 1 mA, V CE = 5V 


1.1 


juV/°C 

i 


Note 1: The collector of each transistor is isolated from the substrate by an integral diode. The substrate must be connected to a voltage which is 
more negative than any collector voltage in order to maintain isolation between transitors and provide normal transistor action. To avoid undesired 
coupling between transistors, the substrate terminal should be maintained at either dc or signal (ac) ground. A suitable bypass capacitor can be 
used to establish a signal ground. 

Note 2: If the transistors are forced into zener breakdown (V(br)eboI' degradation of forward transfer current ratio (hpg) can occur. 

Note 3: See curve. 
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AC Electrical Characteristics 


CONDITIONS 


PARAMETER 


Low Frequency Noise Figure (NF) f = 1 kHz, V CE = 5V f 3.25 

l c = lOCtyiA, R s = 1 k£2 

Gain Bandwidth Product (f T ) V CE = 5V, l c = 3 mA 300 500 

Emitter to Base Capacitance (C EB ) V EB = 5V, l E = 0 0.70 

Collector to Base Capacitance (C CB ) V CB = 5V, l c = 0 0.37 

Collector to Substrate Capacitance V C) = 5V, l c = 0 2.2 

(C C |) 

LOW FREQUENCY, SMALL SIGNAL EQUIVALENT CIRCUIT CHARACTERISTICS 


Forward Current Transfer Ratio (h fe ) f = 1 kHz, V 

l c = 1 mA 

Short C'roiiit Input Imnprlanrp (h-_) f = 1 kH 7 V 

Open Circuit Output Impedance (h oe ) | 


Open Circuit Reverse Voltage 
Transfer Ratio (h re ) 


ADMITTANCE CHARACTERISTICS 


LIMITS j 


TYP 

MAX 


3.25 


dB 

500 


MHz 

0.70 


pF 

0.37 


PF 

2.2 


PF 



Forward Transfer Admittance (Y fe ) f = 1 MHz, V CE = 3V, 

l c = 1 mA 


Input Admittance (Y ie ) 
Output Admittance (Y oc 


f= 1 MHz, V rE = 3V, 


f= 1 MHz, V rE = 3V, 


Reverse Transfer Admittance (Y re ) f = 1 MHz, V CE = 3V, 

l r = 1 mA 


31 - 
j 1.5 

0.3 + 
j 0.04 

0.001 + 

j 0.03 

(Note 3) 


Note 1: The collector of each transistor is isolated from the substrate by an integral diode. The substrate must be connected to a voltage which is 
more negative than any collector voltage in order to maintain isolation between transitors and provide normal transistor action. To avoid undesired 
coupling between transistors, the substrate terminal should be maintained at either dc or signal (ac) ground. A suitable bypass capacitor can be 
used to establish a signal ground. 

Note 2: If the transistors are forced into zener breakdown (V(br)EBO^ degradation of forward transfer current ratio (hpp) can occur. 

Note 3: See curve. 
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- BASE TO EMITTER (V) l CE0 - COLLECTOR CUTOFF CURRENT (nA) 


$ 

CO 


Typical Performance Characteristics 



hpE vs *C * or 



l c - COLLECTOR CURRENT (mA) 


Vbe vs T"a for 
Any Transistor 



-75 -50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 


V CE(SAT) vs *C for 
Any Transistor 



0 10 20 30 40 

l c - COLLECTOR CURRENT (mA) 



0.01 0.1 1 10 

l c - COLLECTOR CURRENT (mA) 


Vfj{= and Vjq vs 



B 

i 

a 

■ 

■ 

■ 

B 

m 

■ 



H 


B 



1 

■ 


■ 

■ 



E 

■ 

| 


1 

B 

I 


m 

E 

■ 




S 


a 

■ 

■ 



■ 

■ 


a 



O 


NF vs l c @R s = 500ft 



-75 -50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 
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£3 National Semiconductor DIGITALKER™Speech Synthesis 


BLX-281 

Speech Synthesis Expansion Module 



■ BLX bus-compatible I/O expansion 

■ Speech synthesis based on 
DIGITALKER™ 

■ Large vocabulary adequate for most 
applications 

■ On-board filter and half-watt amplifier 


a Simple operation for user 

• I/O write with word/sound address 

• Interrupt asserted when complete 

a BLX bus on-board expansion elimates 
Multibus™ system bus latency and 
increases system throughput 


Product Overview 

The BLX-281 Speech Synthesis Expansion Module 
is a member of the new line of BLX bus-compatible 
expansion module products from National Semi- 
conductor Corporation. The BLX-281 plugs directly 
into any BLX bus-compatible host board offering 
low cost incremental on-board expansion. As a 
result, any BLX bus-compatible host board may be 
given the ability to “speak”. By merely adding a 
speaker to a system containing the BLX-281 , many 
users can do away with CRTs, printers, rows of 
LEDs, or similar communications devices. This 
lowers the cost of most systems, and has the 
added benefit of removing messages which are 
potentially ambiguous and hard-to-understand for 
untrained users. The BLX-281 contains 144 words, 
sounds, tones, and durations of silence, each of 
which has a unique address. A table of addresses 
(desired words/sounds) is built, and passed to the 
BLX-281. An on-board filter and amplifier provide 
the actual speech signal to a standard miniature 
phone jack. The BLX module is closely coupled to 
the host board through the BLX bus, and as such, 
offers maximum on-board performance, and frees 
Multibus system traffic for other system resources. 
Incremental power dissipation is minimal, requiring 
only 3.7 watts. 

DIGITALKER is a trademark of National Semiconductor Corp. 


Functional Description 

The BLX-281 Speech Synthesis Expansion Module 
uses the MM54104 Speech Processor Chip from 
National Semiconductor Corporation. The digitized 
and compressed speech data are contained in an 
MM52164 Maxi-ROM. The system software commu- 
nicates with the BLX-281 across the BLX bus using 
I/O read/write commands. 

Vocabulary 

The standard vocabulary set offered on the 
BLX-281 is shown in Table I, along with the 
assigned addresses for each item. By combining 
the appropriate words, sounds, tones, and silence 
durations, speech can be generated to satisfy 
many applications. 

Words required, but not found in the table, can fre- 
quently be built. Examples of this are: combine 
“RE” with “SET” for “RESET”, or combine 
“DEGREE” with “SS” for “DEGREES”. 

In normal human speech, the brain puts durations 
of silence between the words to make the sentence 
flow smoothly. This is provided for in the BLX-281 
(see Table I). A suggestion for improved phrase 
quality is to insert 80 milliseconds of silence prior 

Multibus is a trademark of Intel Corp. 
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B LX- 281 


to words beginning with the letters K, T, P, B, D, and sequence, and allows for cascading of addresses 

G, and to add 40 milliseconds of silence after words for true, human-quality sentences, 

ending in those same letters. 

The “voice” output of the BLX-281 is a highly intel- Interrupt Requests 

ligible, male voice. If another voice is required, or There is one interrupt line from the Speech Proces- 

the application is non-English, or involves unusual sor Chip that generates an interrupt request to the 
terminology, any voice can be processed for use on host CPU. It is active on completion of each speech 

the BLX-281 by the factory. sequence. It is cleared by an I/O read to the BLX-281. 

Host Interface Installation 

The BLX bus-compatible host board merely passes The BLX-281 module plugs directly into either of the 
the address of the desired word/sound to the BLX-281 female BLX connectors on the host board. The mod- 

Speech Synthesis Expansion Module via an I/O write. ule is then secured at one additional point with nylon 

When the operation is complete, an interrupt is gen- hardware to insure the mechanical security of the 

erated. This informs the host of the end of the speech assembly (see Figures 1 and 2). 



Figure 1. Installation of the BLX-281 Module on a Host Board 
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Table I. Master Word List 


Word 

8-Bit Binary 
Address 

Bit 7 Bit 0 

Word 

8-Bit Binary 
Address 

Bit 7 Bit 0 

Word 

8-Bit Binary 
Address 

Bit 7 Bit 0 

THIS IS DIGITALKER 

00000000 

Q 

00110000 

IS 

01100000 

ONE 

00000001 

R 

001 1 0001 

IT 

01100001 

TWO 

0000001 0 

s 

00110010 

KILO 

01100010 

THREE 

0000001 1 

T 

00110011 

LEFT 

0 1 1 0 0 0 1 1 

FOUR 

00000100 

u 

00110100 

LESS 

01100100 

FIVE 

000001 01 

V 

00110101 

LESSER 

01100101 

SIX 

00000110 

w 

00110110 

LIMIT 

01100110 

SEVEN 

00000111 

X 

00110111 

LOW 

01100111 

' EIGHT 

00001000 

Y 

00111000 

LOWER 

01101000 

NINE 

00001001 

z 

0 0 1*1 1 00 1 

MARK 

01101001 

TEN 

00001010 

AGAIN 

00111010 

METER 

01101010 

ELEVEN 

00001011 

AMPERE 

00111011 

MILE 

01101011 

TWELVE 

00001100 

AND 

00111100 

MILLI 

01101100 

twiptppn 

00001101 

AT 

00111101 

MINUS 

01101101 

FOURTEEN 

00001110 

CANCEL 

00111110 

MINUTE 

u i i 0 i i i 0 

FIFTEEN 

00001111 

CASE 

00111111 

NEAR 

01101111 

SIXTEEN 

00010000 

CENT 

01000000 

NUMBER 

01110000 

SEVENTEEN 

00010001 

400Hz TONE 

01000001 

OF 

01110001 

EIGHTEEN 

00010010 

80 Hz TONE 

01000010 

OFF 

01110010 

NINETEEN 

00010011 

20ms SILENCE 

01000011 

ON 

01110011 

TWENTY 

00010100 

40ms SILENCE 

0 1 0 0 0 1 0 0 

OUT 

01110100 

THIRTY 

00010101 

80ms SILENCE 

01000101 

OVER 

01110101 

FORTY 

00010110 

160ms SILENCE 

0 1 0 0 0 1 1 0 

PARENTHESIS 

01110110 

FIFTY 

00010111 

320ms SILENCE 

01000111 

PERCENT 

01110111 

SIXTY 

00011000 

CENTI 

01001000 

PLEASE 

01111000 

SEVENTY 

00011001 

CHECK 

01001001 

PLUS 

01111001 

EIGHTY 

00011010 

COMMA 

01001010 

POINT 

01111010 

NINETY 

0001 1011 

CONTROL 

01001011 

POUND 

01111011 

HUNDRED 

00011100 

DANGER 

01001100 

PULSES 

01111100 

THOUSAND 

00011101 

DEGREE 

01001101 

RATE 

01111101 

MILLION 

00011110 

DOLLAR 

01001110 

RE 

01111110 

ZERO 

00011111 

DOWN 

01001111 

READY 

01111111 

A 

00100000 

EQUAL 

01010000 

RIGHT 

10000000 

B 

00100001 

ERROR 

01010001 

SS 

10000001 

C 

00 1 000 1 0 

FEET 

01010010 

SECOND 

10000010 

D 

00100011 

FLOW 

01010011 

SET 

10000011 

E 

00100100 

FUEL 

01010100 

SPACE 

10000100 

F 

00100101 

GALLON 

01010101 

SPEED 

10000101 

G 

00100110 

GO 

01010110 

STAR 

10000110 

H 

00100111 

GRAM 

01010111 

START 

10000111 

1 

00 1 0 1 000 

GREAT 

01011000 

STOP 

1 0001 000 

J 

00101001 

GREATER 

01011001 

THAN 

1 0001 001 

K 

00101010 

HAVE 

01011010 

THE 

10001010 

L 

00101011 

HIGH 

01011011 

TIME 

10001011 

M 

00101100 

HIGHER 

01011100 

TRY 

10001100 

N 

00101101 

HOUR 

01011101 

UP 

10001101 

0 

00101110 

IN 

01011110 

VOLT 

10001110 

P 

00101111 

INCHES 

01011111 

WEIGHT 

10001111 


Note: Address 8Fh is the last legal address in this word list. Exceeding address 8Fh will produce pieces of unintelligible, 
invalid speech data. 
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B LX- 281 


0.40 (max.) 


0.80 (max.) 
1.13 (max.) 


JLJL 




BLX-281 EXPANSION MODULE 


BLX 
ICONNECTOR 
(MALE) 


n r 


HOST MICROCOMPUTER BOARD 




0.50 (min.) 


Figure 2. BLX-281 Expansion Module Mounting Clearances (inches) 


Specifications 

Word Size 

Data — 8 bits 

I/O Addressing 


Function 

Type of 

BLX Connector 

Operation 

Port Address 

Data Transfer 

Write 

X0-XF 

Interrupt Clear 

Read 

X0-XF 


Note: The port addresses are determined on the 
host BLC microcomputer. Refer to the Hardware 
Reference Manual for your host BLC microcompu- 
ter to determine the first digit (X) of the connector 
port address. 

Vocabulary — See Table I 

Interrupts — One interrupt request at end of 
speech sequence 

Interfaces — BLX Bus — All signals TTL 

compatible 

Speaker Port — V 2 W audio signal 
into 4-8Q 

Speaker Port 

Connector — Standard miniature phone-jack 


Physical 


Electrical 


Height: 2.85 in. (7.24cm) 

Width: 3.70 in. (9.40cm) 

Depth 

BLX-281 Module 

0.80 in. (2.04cm) 

BLX-281 Module + Host Board 
1.13 in. (2.86cm) 

Weight: 1.7 oz. (48 gm) 

+5VDC ±5% @ 385 mA 
-f 12 VDC ±5% @ 150mA 


Environmental Operating Temperature: 0°C to 55°C 

Relative Humidity: 0% to 90%, 

non-condensing 


Ordering Information 

BLX-281 Speech Synthesis Expansion 

Module 

Documentation 

420306414-001 BLX-281 Speech Synthesis 

Expansion Module User’s Manual 


“The recipient of these products automatically receives a non-exclusive license under U.S. Patent Application 432,859 and any patent or patents issuing thereon to use 
such products, to assemble or otherwise incorporate them into further products which may be covered by said patent application, or any patent or patents issuing 
thereon, and to use, sell, or otherwise dispose of such products” 

Protected by U.S. Pat. No. 4124125, F.M. Mozer licenses available. 
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National 

Semiconductor 


DIGITALKER™ Speech Synthesis 


DT1000 DIGITALKER™ Speech Synthesis Evaluation Board 


General Description 

The DIGITALKER™ (DT1000) speech synthesis evaluation 
board is an extremely easy to use device for understand- 
ing the operation and application of the DIGITALKER chip 
set in an end product. 


The DT1000 contains all components required to output 
speech upon demand: a speech processor chio rspcv ? 
MAXI-ROMs® containing 138 individual words, linear 
filter, audio amplifier, keyboard, and a COPS™ microcon- 
troller complete with stored data programmed to provide 
the various functions on the board. The only external hard- 
ware required for complete operation are a single 7V-11V 
power supply, a speaker of your choice for size and quali- 
ty, and this instruction sheet. 

The 2 speech MAXI-ROMs employed on the board contain 
a brief introductory phrase, 138 separate and individual 
words consisting of numbers and letters of the alphabet, 
assorted useful nouns, verbs and tones; and 5 different in- 
dividual silence durations. (In constructing a phrase, dif- 
ferent silence durations between different 'words 
significantly affect the overall quality of the phrase.) 


A COPS program is provided which permits the user to: 1) 
sequentially output each word automatically; 2) repeat 
any desired word; 3) build and store several short phrases 
for outputting when desired; 4) output a “canned” phrase 
which permits insertions and changing of a word in the 
phrase; 5) play a simple game which requires some in- 
teraction between the keyboard and the user; and 6) out- 
put hex equivalent decimal number inpu* c 

Features 

■ Only a single 7V-11V power supply and inexpensive 
loudspeaker required for total operation 

■ 138 individually addressable words, applicable to many 
products 

■ Programmed COPS processor permits 6 individual pro- 
gram modes 

■ Demonstrates the extreme flexibility and ease of 
application of the DIGITALKER chip set 

■ 1/2 watt audio amplifier on-board 

■ Edge connector facilitates tying in to external proc- 
essor system (3M Company connector part number 
#3415) 



DIGITALKER™ and COPS™ are trademarks of National Semiconductor Corp. 


Protected by U.S. Pat. No. 4124125, F.M. Mozer licenses available. 
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DT1000 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Q 

Q 

> 

Supply Voltage 

v S s = o V 

7.0 


11.0 

V 

•dd 

Supply Current 

V DD =11V 



0.6 

A 


Amplifier Output 

v DD = nv, 8n 

0.55 



W 



V dd = 9V, 8fi 

0.50 



W 


Absolute Maximum Ratings 

Operating Temperature Range 
V DD Supply Voltage 


0°Cto70°C 

12V 


Electrical Characteristics t a = 25°c 


* Important! V/qq must be regulated! 

All pin connections, except for speaker out, and power supply, are TTL compatible. 


Functional Description 

INSTRUCTIONS FOR USE 

In any case, plus 7V to 11 V direct current and ground must 
be brought to the respective pins on the edge connector of 
the DT1000 board. See Figure 1. 

BASIC MODE OPERATIONS 

1. Power Up Mode. At power up, the DT1000 will say “This 
is DIGITALKER”. You can make it repeat this phrase by 
depressing (A] . Further depressions of [A] will repeat 
the same phrase until a new word address is entered. 
From the DT1000 master word list (Table I) select the 
3-digit address of the next word desired. The new word 
can be outputted simply by keying in its 3-digit address 
and ending with an [A] key depression. For example, 
the word “pound” will be spoken as a result of key se- 
quence U , ID , @1 , 0 . Additional depressions 
of A will repeat the word “pound”. To output a new 
word, repeat the above sequence. 

If a mistake is made in the address entry of the desired 
word, simply continue to key in the correct address. The 
DT1000 only remembers the last 3 address digits keyed 
prior to depression of the [A] key. For example, if the 
desired word is “pound” and keys E , GO , 12) were 
depressed, simply rekey the proper address followed 
by the E) key as shown Q] , [2] , S] , [A] . 

In this Power Up Mode the [0 key will advance to the 
next sequential word in the DT1000 master word list, 
one word per depression, starting with the next sequen- 
tial word after the word selected by the entry sequence 
shown above. Continued depressions of (0 
will manually sequence through the complete word list, 
wrapping around from address 143 to address 000 and 
ending up at the first word in the sequence. Depres-' 
sions of the [A] key will take the DT1000 back to the 
starting word and address inputted via the entry se- 
quence shown above. Additional depressions of 
the [0 key would then sequence from that address 
again. Should a different start word be desired, you 
must enter the respective address of that word as is 
shown in the above sequence. 


The DT1000 has 144 legal address locations, these are 
shown in the Master Word List as being addresses 000 
through 143. If an address of 144 through 199 is inad- 
vertently keyed in, a response of “Please Try Again” will 
be outputted. Addresses 200 and up will put the DT1000 
into various operating modes as explained in 
paragraphs 2 through 7. 


2. Auto Repeat/Auto Cycle Mode. The Auto Repeat/Cycle 
Mode is entered by depressing [0 [0] [0] and either 
the H or [0 key. An additional depression of [A) will 
start an automatic repeating cycle of some word and 
address, until the E] key is depressed and held 
momentarily. Depression of the [0 key will start the 
automatic sequential cycling through the complete 
word list, beginning with the last word that was out- 
putted in either the Auto Repeat or Auto Cycle Mode. 
The sequential cycling will automatically continue 
through the entire word list, wrapping around from 
address 143 to address 000 each time until the [A] or 
E key is depressed and held momentarily. When in 
this mode you can choose a new starting word by enter- 
ing its respective address and keying either the (A] or 
E) keys. 


3. Decimal to Hex Conversion Mode. Key sequence 
O [S IS El (or E ) will put the DT1000 into a mode 
where it will automatically convert a decimal address 
into its hexadecimal equivalent. Once in this mode, key 
in the decimal address desired from the master word 
list, and depress the [A] key twice. The respective word 
will be spoken on the first depression of El , a further 
depression of (A) will cause its hexadecimal 
equivalent address to be spoken. 

A E key activation stand alone will set the DT1000 in- 
to the Power Up Manual Control Mode. 
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Functiona! Description (Continued) 

4. Phrase Construct Mode. In this mode, it is possible to 
string respective word addresses together to create up 
to 3 phrases or short sentences and play them back 
upon demand. The phrase modes are [4] [0] O , 
E El El > and E El El • The 400 mode will store up 
to twelve word addresses, the 500 and 600 modes will 
store up to six addresses each. Initial phrase construc- 
tion should begin with key sequence [4] El El ® 
where the E depression clears out any addresses 
previously stored. (In either the 0] El El , 
E E) El » H El El sequence, the B key will 
“clear” out any previous addresses stored in those 
respective modes.) You are then ready to string ad- 
dresses together to construct a phrase. To construct 
the phrase, simply enter each address of the words 
desired in the phrase and in the sequence in which the 
words are to be outputted. Each word address keyed in 
must be followed by two depressions of the E key. 
The first depression of the E key will speak the word 
at that respective address to give you a chance to 
“hear” the word before its address is “loaded” inxo tne 
DT1000 RAM. A second depression of the E key will 
store that address into the DT1000 RAM and that word 
is then in position in the desired phrase. If upon the first 
depression of the E key the word outputted is not the 
desired word, simply key in the correct address and 
depress the E key again, and again finally to store in- 
to the RAM. In the construction of a phrase a “beep” 
will occur during the addressing of the last possible ad- 
dress that will fit into that particular phrase mode. (If 
additional addresses are still keyed in, they will replace 
the first addresses loaded in that same phrase.) 

An example of constructing a phrase is as follows for 
the desired word sequence “To start the time set the 
meter and go”, key sequence: [4] E El El / 

igEimUE/EUldlUd/EldllldH/ 

miamBd/lolteldEO/EldtUEE/. To 

output this same phrase, depress the (A] key. The 
above phrase should automatically be spoken from the 
DT1000. Additional keyings of E will output the same 
phrase until it is cleared out by a \t\ E El E 
sequence. 

Registers 500 and 600 can be loaded in exactly the 
same way as shown above, except that the 
E El El 11 and/or the E El El E keys must be 
addressed to load those respective registers. 
Remember that registers 500 and 600 are each only 6 
addresses long. 

If you chose to construct the exact phrase as shown 
above, you may have noticed that the spoken output 
was rather a mechanical output. This is primarily due to 
the fact that the words were butted against each other. 
In normal human speech, the brain puts durations of 
silence between the words to make the sentence flow 
smoothly. Since several durations of silence are pro- 
vided in the Master Word List, the actual quality of the 
same phrase can be significantly improved by adding 
durations of silence (also assigned addresses) be- 
tween the words. As one thinks about how the phrase is 
actually spoken, one might assume the approximate 
duration of silence between each word, and insert the 
closest duration of silence from the word list. It is found 
that some experimentation in this area can significant- 
ly enhance the quality of the desired phrase. A hint in 


this area would be that for words beginning with the 
letters K, T, P, B, D, and G insert 80 milliseconds silence 
prior to the words, and for words ending in the same 
letters as above, 40 milliseconds silence following the 
word is recommended. It is also possible in this mode 
to make any singular word plural by the addition of 
“SS” (Address 129) to the word. In this case no silence 
should be inserted between the word and the “SS”. 

4A. Phrase Output Mode. As stated in (4) any phrase can 
be outputted by being in the 400, 500 or 600 modes and 
depressing the E key. It is also possible to output all 3 
phrases in any sequence. To “string” these phrases 
together, simply key in the phrase sequence desired 
concluded with two depressions of the E key. Key 
sequence 0] E E El E would output phrases at 
400-500 and 600 respectively. (This would indicate that 
a sentence 24 addresses long might be constructed.) 
Any phrase sequence might actually be chosen, 546, 
645, etc. For an interesting effect the same phrase 
could be outputted twice or even three times such as 
455. 444. 664. etc. 

5. Canned Phrase Mode. Key sequence [3 E El S 
(or E ) will output a fixed phrase “The time 

is P.M.”. This gives you the ability to insert the 

desired word(s) in the blank location. In this case 
“twelve OH one” might be appropriate. . While in 
the [7) E El E mode simply key in the respective 
addresses of the words desired, inserting silences if re- 
quired, exactly the same as constructing a phrase in 
the 400-500 or 600 modes. To output the completed 
phrase, simply depress the E key. To insert a new 
word sequence into the blank, key [7] E El E to 
erase the original contents. Then enter the new word 
addresses as required. 

This mode demonstrates how a talking clock or a trip 
computer might work. Changing data can be inserted 
at the required time as a part of a fixed message. 

6. Reaction Timer Game. Key sequence E ® i 0 
(or E ) enters you into a simple game which could con- 
ceptually be a real product. In this mode, the DT1000 
speaks ten random numbers from zero to nine, with a 
pause between each number output. The game is to hit 
the respective key as fast as possible after the number 
has been called out. After the tenth and last number 
has been depressed, a tone is outputted and the total 
reaction time is spoken as “seven point three two five 
seconds”. Obviously, the game is to have the lowest 
possible total reaction time. Note that it is necessary to 
eventually hit the correct key for the numbercalled out. 
If the wrong key is depressed, the DT1000 will not out- 
put another number until the correct key is depressed- 
meanwhile, time is accruing. It should also be noted 
that the random pauses between word outputs is not 
part of total elapsed time. 

To continue playing the game, keying the E key will 
output a new set of numbers. To exit the game mode, 
depress the E key. 

7. Back to Power Up Mode. Key sequence E El E S 
(or E ) will put the DT1000 back into the Power Up 
Mode. Refer to mode (1.) explained in the earlier section 
of this data sheet for all operations covered by this 
mode. 
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Functional Description (continued) 

GENERAL COMMENTS bination for best quality would be a medium size speaker 6 

inches to 12 inches in diameter, and housed in a solid 

1. The DT1000 IS always in one of the modes. To exit a w00d enc | 0sed baf ,| e . 

mode, simply key in the control code of the next desired 

mode. One can actually “experiment” with the quality by trying 

2. “SS” (located at address 129) can make singular words various speaker and baffle combinations, 

plural. 

3. “Centi”, “milll”, "re" are prefixes to make words like APPLICATION WITH EXTERNAL PROCESSOR 

“centimeter”,. “reset”, etc. Some prefixes do not blend 

well directly with some words such as ‘milli ampere . In The qtiooo is designed so that it is possible to access on- 

these cases, insert an appropriate amount of silence , y the DIGITALKER portion of the board. Important: it is 

between the words. necessary to remove the COP402 from the DT1000 in this 

4. High output volume can be obtained by supplying 11V mode. The DIGITALKER portion is defined as the speech 

to power supply input (pin 50). processor chip (SPC) and the speech ROM(s) which con- 

tain the actual vocabulary (see Table 1). The inputs re- 

SPEECH QUALITY quired to connect the DIGITALKER (and the vocabulary of 

ThQ cnonnh th* n-rmnn in hw the D ™00 board) to an external processor have been 

The actual speech quality of the DT1000 is affected by . ' .. . 

... . . . made available on the pm edge connector (refer to 

many factors. Certainly the quality is affected most k a \ 

significantly by the actual speaker and baffle chosen to igure '* 

output the final speech data. Although the DT1000 will The following describes the function of all speech proc- 

drive most any size of “common” PM speakers, care ought essor chip (SPC) inputs and outputs, and all other inputs 

to be made in the actual selection of the speaker, AND its and outputs required for operation in this external proc- 

respective baffle or enclosure. An unbaffled speaker will essor mode. Note: in the following descriptions and Table 

not give a true response, small speakers typically do not 1, a low represents a logic zero (0.4V nominal) and a high 

reproduce low frequencies. Truly, the most desirable com- represents a logic one (2.4V nominal). 

CONNECTION REQUIREMENTS FOR EXTERNAL PROCESSOR APPLICATIONS 

Edge 

Connector 

pj n Function 

Number 

Edge 

Connector 

p in \ Function 

Number 

8 Chip Select (CS^The SPC is 
selected when CS is low. It is 
only necessary to have CS low 
duringacommandtotheSPC.lt 
is not necessary to hold CS low 
for the duration of the 

speech data. 

Data Bus (SW1-SW8). 

3 SW1 (LSB) This is an 8-bit parallel 

43 SW2 binary data bus which 

45 SW3 accepts the binary ad- 

40 SW4 dress of the desired 

13 SW5 word. The binary ad- 

9 SW6 dresses are available 

16 SW7 from Table 1 and are 

11 SW8 (MSB) the same as the 

decimal address from 
the word list. Unused 
inputs must be con- 
nected to ground 
when used with 
external logic. 

37 Write Strobe (WR). This line 

latches the starting address (A0-A7) 
into a register. On the rising edge of 
the WR, the SPC starts execution 
of the command specified by CMS. 

The command sequence is shown in 
the timing waveform section. If a 
command to start a new speech 
sequence is issued during a speech 
sequence, the new speech sequence 
will be started immediately. 

50 Power Supply Voltage (V DD ). Plus 7V 

to 11V maximum, direct current, to 

SPC, filter and amplifier sections.. 
Important! V DD must be regulated! 

47 Ground (V ss ). 

7 Interrupt Output (INTR). This signal 

goes high at the completion of any 
speech sequence. It is reset by the 
next valid command. It is also reset at 
power up. 

34 Command Select (CMS). This line 

is used to specify the two 
commands to the SPC. 

CMS _ .. 

Command Func " on 

0 Reset interrupt 

and start speech 
sequence 

1 Reset interrupt 

only 

10 Speaker Output. 4fi-8fi 1/2W at V DD , 

11.0V 
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Functional Description (Continued) 

TABLE I. DT1000 MASTER WORD LIST 


Word 

Keyboard 

Address 

8-Bit Binary 
Address 
SW8 SW1 

Word 

Keyboard 

Address 

8-Bit Binary 
Address 

SW8 SW 1 

Word 

Keyboard 

Address 

8-Bit Binary 
Address 

SW8 SW1 



r 1 



r i 



r 

L 

THIS IS DIGITALKER 

000 

00000000 

w 

054 

00110110 

MILLI 

108 

01101100 

ONE 

001 

00000001 

X 

055 

00110111 

MINUS 

109 

01101101 

TWO 

002 

000000 1 0 

Y 

056 

001 1 1000 

MINUTE 

110 

01101110 

THREE 

003 

000000 1 1 

z 

057 

00111001 

NEAR 

111 

01101111 

FOUR 

004 

00000100 

AGAIN 

058 

00111010 

NUMBER 

112 

01 1 1 0000 

FIVE 

005 

00000101 

AMPERE 

059 

00111011 

OF 

113 

01 1 10001 

SIX 

006 

000001 1 0 

AND 

060 

00111100 

OFF 

114 

01110010 

SEVEN 

007 

00000111 

AT 

061 

00111101 

ON 

115 

01110011 

EIGHT 

008 

00001000 

CANCEL 

062 

00111110 

OUT 

116 

01110100 

NINE 

009 

00001001 

CASE 

063 

00111111 

OVER 

117 

01110101 

TEN 

010 

ooooi oio 

CENT 

064 

0 1 000000 

PARENTHESIS 

118 

01110110 

ELEVEN 

011 

0000101 1 

400HERTZ TONE 

065 

01000001 

PERCENT 

119 

01110111 

TWELVE 

012 

00001 1 00 

80HERTZ TONE 

066 

01 00001 0 

PLEASE 

120 

01111000 

THIRTEEN 

013 

00001 1 01 

20MS SILENCE 

067 

01000011 

PLUS 

121 

01111001 


u i't 

r, r, r. r, ; ; ; r, 

—!! TT-!— T 

neo 

ninnninn 

POINT 

122 

01111010 

FIFTEEN 

015 

00001 1 1 1 

80MS SILENCE 

069 

01000101 

POUND 

123 

01111011 

SIXTEEN 

016 

00010000 

160MS SILENCE 

070 

01 0001 1 0 

PULSES 

124 

01111100 

SEVENTEEN 

017 

00010001 

320MS SILENCE 

071 

010001 1 1 

RATE 

125 

01111101 

EIGHTEEN 

018 

00010010 

CENTI 

072 

0 1 001 000 

RE 

126 

01111110 

NINETEEN 

019 

00010011 

CHECK 

073 

01001001 

READY 

127 

01111111 

TWENTY 

020 

00010 1 00 

COMMA 

074 

01001010 

RIGHT 

128 

10000000 

THIRTY 

021 

00010101 

CONTROL 

075 

01001011 

SS (Note 1) 

129 

10000001 

FORTY 

022 

0001 01 1 0 

DANGER 

076 

01001100 

SECOND 

130 

10000010 

FIFTY 

023 

000101 1 1 

DEGREE 

077 

01001 101 

SET 

131 

1 000001 1 

SIXTY 

024 

00011 000 

DOLLAR 

078 

01001110 

SPACE 

132 

100001 00 

SEVENTY 

025 

00011001 

DOWN 

079 

01001111 

SPEED 

, 133 

100001 0 1 

EIGHTY 

026 

00011010 

EQUAL 

080 

0 101 0000 

STAR 

134 

10000110 

NINETY 

027 

0001 1011 

ERROR 

081 

01010001 

START 

135 

100001 1 1 

HUNDRED 

028 

0001 1 100 

FEET 

082 

01010010 

STOP 

136 

10001000 

THOUSAND 

029 

00011101 

FLOW 

083 

01010011 

THAN 

137 

10001001 

MILLION 

030 

00011110 

FUEL 

084 

01010100 

THE 

138 

10001010 

ZERO 

031 

00011111 

GALLON 

085 

01010101 

TIME 

139 

10001011 

A 

032 

001 00000 

GO 

086 

01010110 

TRY 

140 

10001100 

B 

033 

00100001 

GRAM 

087 

01010111 

UP 

141 

10001 101 

C 

034 

00100010 

GREAT 

088 

01011 000 

VOLT 

142 

10001 1 1 0 

D 

035 

00 1 0001 1 

GREATER 

089 

01011001 

WEIGHT (Note 2) 

143 

10001111 

E 

036 

00100100 

HAVE 

090 

01011010 




F 

037 

00100101 

HIGH 

091 

01011011 




G 

038 

00100110 

HIGHER 

092 

01011100 




H 

039 

00100111 

HOUR 

093 

01011101 




1 

040 

00101000 

IN 

094 

01011110 




J 

041 

00101001 

INCHES 

095 

01011111 




K 

042 

00101010 

IS 

096 

01 1 00000 




L 

043 

00101011 

IT 

097 

01 100001 




M 

044 

00101100 

KILO 

098 

01 1 0001 0 




N 

045 

00101101 

LEFT 

099 

01100011 




0 

046 

00101110 

LESS 

100 

01100100 




P 

047 

00101111 

LESSER 

101 

01100101 




Q 

048 

00 1 1 0000 

LIMIT 

102 

01100110 




R 

049 

00 1 1 000 1 

LOW 

103 

01100111 




S 

050 

00110010 

LOWER 

104 

01101000 




T 

051 

00110011 

MARK 

105 

01101001 




U 

052 

00110100 

METER 

106 

01101010 




V 

053 

00110101 

MILE 

107 

01101011 





Notel: “SS” makes any singular word plural. 

Note 2: Address 143 is the last legal address in this particular word list. Exceeding address 143 in an external processor application will produce pieces 
of unintelligible invalid speech data. 
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FIGURE 1. DT1000 DIGITALKER™ Evaluation Board Circuit Diagram 



AC Electrical Characteristics 

(For Use in External Processor Application) T A = 0°C to 70°C, V DD = 7V-1 1 V, Vss = OV, unless otherwise specified. 


Symbol 

Parameter 

Min 

Max 


*aw 

CMS Valid to Write Strobe 

350 


ns 

tcsw 

Chip Select ON to Write Strobe 

310 


ns 

tdw 

Data Bus Valid to Write Strobe 

50 


ns 

twa 

CMS Hold Time after Write Strobe 

50 


ns 

twd 

Data Bus Hold Time after Write Strobe 

100 


ns 

*ww 

Write Strobe Width (50% Point) 

430 


ns 

twss 

Write Strobe to Speech Output Delay 


410 

fiS 


Note: Rise and fall times (10% to 90%) of MICROBUS™ signals should be 50 ns maximum. 

Timing Waveforms (Required in external processor applications) 



Typical Application 

EDGE CONNECTOR* 
PIN NUMBER 



Note: COP402 must be removed from DT1000 in this configuration. 
FIGURE 3. DIGITALKER™ Connections to External MICROBUS™ Processor 

MICROBUS™ is a trademark of National Semiconductor Corp. 
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DT1050/DT1053 


P2P3 National DIG ITALKER™ Speech Synthesis 

mjA Semiconductor 

DT1050/DT1053 DIGITALKER™ Standard Vocabulary Kit 

General Description 


The DIGITALKER™ is a speech synthesis system con- 
sisting of several N-channel MOS integrated circuits. It 
contains a speech processor chip (SPC) and speech ROM 
and when used with external filter, amplifier, and speaker, 
produces a system which generates high quality speech 
including the natural inflection and emphasis of the 
original speech. Male, female, and children’s voices can 
be synthesized. 

The SPC communicates with the speech ROM, which con- 
tains the compressed speech data as well as the frequen- 
cy and amplitude data required for speech output. Up to 
128k bits of speech data can be directly accessed. 

With the addition of an external resistor, on-chip de- 
bounce is provided for use with a switch interface. 

An interrupt is generated at the end of each speech se- 
quence so that several sequences or words can be 
cascaded to form different speech expressions. 

The DT1050 is a standard DIGITALKER kit encoded with 
137 separate and useful words, 2 tones, and 5 different 
silence durations. (See the Master Word List Table I). The 
words and tones have been assigned discrete addresses, 
making it possible to output single words or words con- 
catenated into phrases or even sentences. 


The “voice” output of the DT1050 is a highly intelligible 
male voice. The vocabulary is chosen so that it is applica- 
ble to many products and markets. 

Features 

■ COPS™ and MICROBUS™ compatible 

■ Designed to be easily interfaced to other popular 
microprocessors 

■ 144 addressable expressions, including numbers 

■ Natural inflection and emphasis of original speech 

■ Addresses 128k of ROM directly 

■ TTL compatible 

■ On-chip switch debounce for interfacing to manual 
switches independent of a microprocessor 

■ Interrupt capability for cascading words or phrases 

■ Crystal controlled or externally driven oscillator 

■ Available in complete kit (DT1050) or speech ROM only 
(DT1053) 

Applications 

■ Telecommunications ■ Consumer products 

■ Appliance ■ Clocks 

■ Automotive ■ Language translation 

■ Teaching aids ■ Annunciators 








Absolute Maximum Ratings* 

Storage Temperature Range - 65°C to + 150°C 

Operating Temperature Range 0°C to 70°C 

Vdd-Vss 12V 


Voltage at Any Pin 12V 

Operating Voltage Range, V DD -V SS 7 V to 11 V 

Lead Temperature (Soldering, 10 seconds) 300°C 


DC Electrical Characteristics* T a = 0°C to 70°C, V dd = 7V-11V, V S s = 0V, unless otherwise specified. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|L 

Input Low Voltage 


-0.3 


0.8 

V 

VlH 

Input High Voltage 


2.0 


v dd 

V 

. v ou 

Output Low Voltage 

I ol = 1.6 mA 



0.4 

V 

X 

O 

> 

Output High Voltage 

Ioh = - 100 /*A 

2.4 


5.0 

V 

V|LX 

Clock Input Low Voltage 


-0.3 


1.2 

V 

V IHX 

Clock Input High Voltage 


5.5 


Vdd 

V 

!dd 

Power Supply Current 




45 

mA 

l|L 

Input Leakage 




± iG 

/iA 

hi_x 

Clock Input Leakage 




±10 | 

nA 

V S 

Silence Voltage 



0.45 V DD 


V 

V OUT 

Peak to Peak Speech Output 

V DD =11V 


2.0 


V 

r ext 

External Load on Speech 

Rext Connected Between Speech 

50 



kfi 


Output 

Output and V ss 






AC Electrical Characteristics* t a =o°c to 70°C, V DD = 7V-11V, V ss = 0V, unless otherwise specified. 


Symbol 

Parameter 

Min 

Max 

Units 

law 

CMS Valid to Write Strobe 

350 


ns 

^csw 

Chip Select ON to Write Strobe 

310 


ns 

^dw 

Data Bus Valid to Write Strobe 

50 


ns 

^wa 

CMS Hold Time after Write Strobe 

50 


ns 

*wd 

Data Bus Hold Time after Write Strobe 

100 


ns 

*ww 

Write Strobe Width (50% Point) 

430 


ns 

^red 

ROMEN ON to Valid ROM Data 


2 

fiS 

*wss 

Write Strobe to Speech Output Delay 


410 

MS 


External Clock Frequency 

3.92 

4.08 

MHz 


Note: Rise and fall times (10% to 90%) of MICROBUS signals should be 50 ns maximum. 
*SPC characteristics only. ROM characteristics covered by separate data sheet for MM52164. 


Timing Waveforms 


Command Sequence 


x 


DATA BUS 
(SW 1-8) 


X. 



— 

l wa p — 

\ 

r~ 


-* l WW 


^ 

— l dw 

^ J 

i — 

l wd— 


_ . XZ vr 
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Timing Waveforms (Continued) 


ROM Data Timing 



Note 1: ROM Data 1 - 8 can go v alid any time after ADR 0-13 changes, however it must be valid within the t rec j spec 
and remain valid until ROMEN goes high. 


Functional Description 


The following describes the function of all SPC input and 
output pins. 

Note: In the following descriptions, a low represents a 
logic 0 (0.4V nominal), and a high represents a logic 1 (2.4V 
nominal). 

INPUT SIGNALS 

Chip Select (CS): The SPC is selected when CS is low. It is 
only necessary to have CS low during a command to the 
SPC. It is not necessary to hold CS low for the duration of 
the speech data. 

Data Bus (SW 1-8): This is an 8-bit parallel data bus which 
contains the starting address of the speech data. 

Data bus inputs SW 1-SW 8 accept an 8-bit binary address 
which is the address of the word which is to be “spoken” 
from the DIGITALKER output. See the Master Word List 
(Table I) for the complete listing of words and their respec- 
tive addresses. If the entire word list is not used, unused 
inputs must be connected to V ss . 

Command Select (CMS): This line specifies the two com- 
mands to the SPC. 

CMS Function 

0 Reset interrupt and start speech sequence 

1 Reset interrupt only 

Write Strobe (WR): This line latches the starting address 
(SW 1-SW 8) into a register. On the rising edge of the WR, 
the SPC starts execution of the command specified by 
CMS. The command sequence is shown in the timing 
waveform section. If a command to start a new speech se- 
quence is issued during a speech sequence, the new 
speech sequence will be started immediately. When con- 
necting WR to a switch, it must be a single pole 2 position 
switch as shown on page 1. 

ROM Data (RDATA 1-8): This is an 8-bit parallel data bus 
which contains the speech data from the speech ROM. 


OUTPUT SIGNALS 

Interrupt (INTR): This signal goes high at the completion 
of any speech sequence. It is reset by the next valid com- 
mand. It is also reset at power up. 

ROM Address (ADR 0-ADR 13): This is a 14-bit parallel 
bus that supplies the address of the speech data to the 
speech ROM. 


ROM Enable (ROMEN): For low power applications, this 
line can be used to drive a transistor that switches the sup- 
ply for static speech ROMs. See ROM data timing. 

Speech Output (Speech Out): This is the analog output 
that represents the speech data. See frequency response 
section. 

INPUT/OUTPUTSIGNALS 

Clock Input /Output (OSC IN, OSC OUT): These two pins 
connect the main timing reference (crystal) to the SPC. 

PHRASE QUALITY 

In normal human speech, the brain puts durations of 
silence between the words to make the sentence flow 
smoothly. Since several durations of silence are provided 
in the Master Word List, the actual quality of any phrase 
can be significantly improved by adding durations of 
silence (also assigned addresses) between the words. As 
one thinks about how the phrase is actually spoken, one 
might assume the approximate duration of silence be- 
tween each word, and insert the closest duration of 
silence from the word list. A hint in this area would be that 
for words beginning with the letters, K, T, P, B, D, and G 
insert 80 milliseconds silence prior to the words, and for 
words ending in the same letters as above, 40 milli- 
seconds silence following the word is recommended. 
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Functional Description (continued) 

TABLE 1. DT1050 MASTER WORD LIST* 


Word 

THIS IS DIGITALKER 

8-Bit Binary 
Address 

SW8 SW1 

r~ — i 
00000000 

Q 

8-Bit Binary 
Address 

SW 8 SW 1 

i — — i 
00110000 

IS 

8-Bit Binary 
Address 

SW8 SW1 

o77oooo~o 

ONE 

00000001 

R 

00110001 

IT 

01 1 00001 

TWO 

00000010 

s 

00110010 

KILO 

01100010 

THREE 

0000001 1 

T 

00110011 

LEFT 

01 1 000 1 1 

FOUR 

000001 00 

u 

00110100 

LESS 

01100100 

FIVE 

00000101 

V 

00110101 

LESSER 

01100101 

SIX 

00000 1 1 0 

w 

00110110 

LIMIT 

01 1001 10 

SEVEN 

000001 1 1 

X 

00110111 

LOW 

01100111 

EIGHT 

00001 000 

Y 

00111000 

LOWER 

01 1 01000 

NINE 

00001 001 

z 

00111001 

MARK 

01 101001 

TEN 

00001 01 0 

AGAIN 

00111010 

METER 

01101010 

ELEVEN 

00001 01 1 

AMPERE 

001 11011 

MILE 

01101011 

TvvtLvE 

UUUU1 1UU 

ANU 

U U 1 1 1 1 u u 

iviiLLi 

U i 1 U 1 1 u u 

THIRTEEN 

00001 1 01 

AT 

00111101 

MINUS 

01 101101 

FOURTEEN 

00001 1 1 0 

CANCEL 

00111110 

MINUTE 

01101110 

FIFTEEN 

00001111 

CASE 

00111111 

NEAR 

01101111 

SIXTEEN 

0001 0000 

CENT 

01000000 

NUMBER 

01110000 

SEVENTEEN 

00010001 

400HERTZ TONE 

01000001 

OF 

01110001 

EIGHTEEN 

0001 001 0 

80HERTZ TONE 

0 1 0000 1 0 

OFF 

01110010 

NINETEEN 

000 1 001 1 

20MS SILENCE 

01000011 

ON 

01 1 1001 1 

TWENTY 

000101 00 

40MS SILENCE 

01000100 

OUT 

01110100 

THIRTY 

0001 0101 

80MS SILENCE 

010001 01 

OVER 

01110101 

FORTY 

000 1 01 1 0 

160MS SILENCE 

01000110 

PARENTHESIS 

01110110 

FIFTY 

000 1 01 1 1 

320MS SILENCE 

0 1 0001 1 1 

PERCENT 

01110111 

SIXTY 

00011000 

CENTI 

01001000 

PLEASE 

01111000 

SEVENTY 

0001 1001 

CHECK 

01001001 

PLUS 

01111001 

EIGHTY 

00011010 

COMMA 

01001010 

POINT 

01111010 

NINETY 

000 1 1 0 1 1 

CONTROL 

01001011 

POUND 

01111011 

HUNDRED 

00011100 

DANGER 

01001100 

PULSES 

01111100 

THOUSAND 

00011101 

DEGREE 

01001101 

RATE 

01111101 

MILLION 

0001 1110 

DOLLAR 

01001110 

RE 

01111110 

ZERO 

00011111 

DOWN 

01001111 

READY 

01111111 

A 

00100000 

EQUAL 

01010000 

RIGHT 

10000000 

B 

00100001 

ERROR 

01010001 

SS(Note.l) 

10000001 

C 

00100010 

FEET 

01010010 

SECOND 

10000010 

D 

00 1 0001 1 

FLOW 

0101001 1 

SET 

1000001 1 

E 

001001 00 

FUEL 

01010100 

SPACE 

1 0000 1 00 

F 

00100101 

GALLON 

01010101 

SPEED 

10000101 

G 

00100110 

GO 

010101 10 

STAR 

1 00001 1 0 

H 

00100111 

GRAM 

01010111 

START 

100001 1 1 

1 

00101 000 

GREAT 

01011000 

STOP 

10001000 

J 

00101001 

GREATER 

01011001 

THAN 

1 0001 001 

K 

00101010 

HAVE 

0101 1010 

THE 

1000101 0 

L 

00101011 

HIGH 

01011011 

TIME 

1000101 1 

M 

00101100 

HIGHER 

01011100 

TRY 

10001 100 

N 

00101 101 

HOUR 

01011101 

UP 

10001101 

O 

00101110 

IN 

01011110 

VOLT 

10001110 

P 

00101111 

INCHES 

01011111 

WEIGHT (Note 2) 

10001 1 1 1 

* DT1050 is a complete kit including MM54104 SPC; DT1053 is SSR1 and SSR2 speech ROMs only. 

Note 1: “SS” makes any singular word plural 

Note 2: Address 143 is the last legal address in this particular word list. Exceeding address 143 will produce pieces of unintelligible invalid speech data. 
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Crystal Circuit Information 

Typical Crystal Oscillator Network 


External Clock Input (4.0 MHz) 



V0D 

I 

SPC 


A 


m m 1 

.H 


CT 1 

\ X <R1 dllCRYSTAL 

* \ T ... 2 


. ^ TO 

1 R2 

✓T^C2 

~ " CIRCUIT 


EXTERNAL 1 
CLOCK 


•±r Crystal R1 R2 Cl C2 

4.0 MHz 1M 1.5K 10-30 pF 40-60 pF 

(4.0 MHz crystal manufactured by Electro Dynamics Corp. P/N HC18-20 pF) 



Timing Min Units 

txH 100 ns 
txL 100 ns 


SPC Block and Connection Diagrams 



Dual-ln-Line Package 


Dual-ln-Line Package 


0SCIN 
0SC0UT 
CS 
Wr 
R0MEN 
INTR 
CMS 
SW 8 (MSB) 
SW7 
SW 6 
SW 5 
SW4 
SW 3 
SW2 

SW 1 (LSB) 
RDATA 0 (LSB) 
RDATA 1 
RDATA 2 
RDATA 3 



VDD 

SPEECH OUT 
ADR 13 (MSB) 
ADR 12 
ADR 11 
ADR 10 
ADR 9 
ADR 8 
ADR 7 
ADR 6 
ADR 5 
ADR 4 
ADR 3 
ADR 2 
ADR 1 

ADR 0 (LSB) 
RDATA 7 (MSB) 
RDATA 6 
RDATA 5 
RDATA 4 



V CC (4.75V-5.25V) 


TOP VIEW 

k For specific ROM device information, see MM52164 data sheet. 
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Applications Information 



10 100 Ik 10k 


FREQUENCY (Hz) 

Note 1: This curve is the desired response of the entire audio system including speaker. 
Minimum response is a low pass filter with a cutoff frequency of 200 Hz. For an audio system 
with a natural cutoff frequency around 200 Hz, this filter can be eliminated. This cutoff fre- 
quency may be tuned for the particular voice being synthesized. For a low pitched male voice 
it may be 100 Hz, while for a high pitched female or child’s voice it might be 300 Hz. 

Note 2: This is optional filtering that can be eliminated by proper selection of the speaker. If 
this 2 pole response is electronically produced, it should be adjusted as described in Note 1. 
Note 3: This is optional filtering that can be eliminated for simpler systems. The acceptable 
range for this cutoff frequency is 6000 Hz-8000 Hz. 


Typical Applications (Continued) 

DIGITALKER System Using COP420 Interface 


SYSTEM 

1/0 



Minimum Filter Circuit 


V DD 
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DT1051/DT1054 


DIGITALKER™ Speech Synthesis 
DT1051/DT1054 DIGITALKER™ Speech Evaluation Kit 


National 

wSA Semiconductor 


General Description 

The DIGITALKER™ is a speech synthesis system con- 
sisting of several N-channel MOS integrated circuits. It 
contains a speech processor chip (SPC) and speech ROM 
and when used with external filter, amplifier, and speaker, 
produces a system which generates high quality speech 
including the natural inflection and emphasis of the 
original speech. Male, female, and children’s voices can 
be synthesized. 

The SPC communicates with the speech ROM, which con- 
tains the compressed speech data as well as the frequen- 
cy and amplitude data required for speech output. Up to 
128k bits of speech data can be directly accessed. 

With the addition of an external resistor, on-chip de- 
bounce is provided for use with a switch interface. 

An interrupt is generated at the end of each speech se- 
quence so that several sequences or words can be 
cascaded to form different speech expressions. 

The DTI 051 is a standard DIGITALKER kit encoded with 
18 separate and addressable phrases. The phrases lend 
themselves to a variety of products, but are primarily for 
demonstration purposes, portraying DIGITALKER’s 
unique ability to produce high quality male, female, or 
child’s voices. 

The DT1051 demonstrates the effects of digitizing com- 
plete phrases as opposed to individual words at single 


addresses. Complete phrases produce very natural and 
highest quality speech, much like a tape recording of a 
phrase or sentence. 

Features 


■ COPS™ and MICROBUS™ compatible 

■ Designed to be easily interfaced to other popular 
microprocessors 

■ 18 addressable high quality phrases 

■ Natural inflection and emphasis of original speech 

■ Addresses 128k of ROM directly 

■ TTL compatible 

■ On-chip switch debounce for interfacing, to manual 
switches independent of a microprocessor 

■ Interrupt capability for cascading words or phrases 

■ Crystal controlled or externally driven oscillator 

■ Available in complete kit (DT1051) or speech ROMs only 
(DTI 054) 

Applications 


■ Telecommunications 

■ Appliance 

■ Automotive 

■ Teaching aids 


■ Consumer products 

■ Clocks 

■ Language translation 

■ Annunciators 


DT1051 Vocabulary* 


Byte Address 
SW8 SW1 

Message 

Voice 

Byte Address 
SW8 SW 1 

Message 

Voice 

00000000 

BASSON MUSIC 

N/A 

00001001 

CHECK OIL LEVEL 

MALE 

0 0 0 0 0 0*0 1 

THIS IS NS DIGITALKER 

FEMALE 

00001010 

CHECK COOLANT LEVEL 

MALE 

00000010 

THE TIME IS 8:43 PM 

FEMALE 

0000 1 0 1 1 

CHECK FUEL LEVEL 

MALE 

0000001 1 

EMERGENCY, CALL 911 

FEMALE 

00001 1 00 

DOOR OPEN 

MALE 

00000100 

SELECT TEMPERATURE 

FEMALE 

0000 1 1 0 1 

DEFROST ' 

MALE 

00Q00 1 0 1 

SELECT COOKING TIME 

FEMALE 

00001110 

GOING UP 

MALE 

000001 1 0 

THE NUMBER YOU 

MALE 

00001111 

FIRST FLOOR 

MALE 

00000111 

00001000 

REACHED HAS BEEN 
CHANGED, PLEASE CALL 
408 737-5000 

WARNING THE BRAKE 
FLUID IS LOW 

PLEASE FASTEN YOUR 
SEATBELT 

MALE 

MALE 

00010000 

00010001 

PLEASE CALL YOUR OFFICE 
I’M CUTE, AREN’T 1? 

END OF VOCABULARY 

MALE 

CHILD 


* DTI 051 is a complete Kit including MM54104 SPC; DT1054 is SSR3 and SSR4 speech ROMs only. 


"The recipient ot these products automatically receives a non-exclusive license 
under U.S. Patent Application 432,859 and any patent or patents issuing thereon to 
use such products, to assemble or otherwise incorporate them into further prod- 
ucts which may be covered by said patent application, or any patent or patents 
issuing thereon, and to use, sell, or otherwise dispose of such products” 
Protected by U.S. Pat. No. 4124125, F.M. Mozer licenses available. 


DIGITALKER™, MICROBUS™ and COPS™ are trademarks of National Semiconductor Corp. 
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Refer to MM54104 data sheet for complete specifications on electrical and 1 iming characteristics. 
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DT1052/DT1055 



National 

Semiconductor 


DIG ITALKER™ Speech Synthesis 


DT1052/DT1055 DIGITALKER™ Basic Numbers Kit 


General Description 

The DIGITALKER™ is a speech synthesis system con- 
sisting of several N-channel MOS integrated circuits. It 
contains a speech processor chip (SPC) and speech ROM 
and when used with external filter, amplifier, and speaker, 
produces a system which generates high quality speech 
including the natural inflection and emphasis of the 
original speech. Male, female, and children’s voices can 
be synthesized. 

The SPC communicates with the speech ROM, which con- 
tains the compressed speech data as well as the frequen- 
cy and amplitude data required for speech output. Up to 
128k bits of speech data can be directly accessed. 

With the addition of an external resistor, on-chip de- 
bounce is provided for use with a switch interface. 

An interrupt is generated at the end of each speech se- 
quence so that several sequences or words can be 
cascaded to form different speech expressions. 

The DTI 052 is a useful, low cost standard DIGITALKER 
kit, encoded with the numbers 0 through 9, the word 
point, and several silence durations, located at in- 
dividual addresses. 

These numerical outputs can be applicable to many con- 
sumer and industrial products where numbers are fre- 
quently displayed. 


Features 

■ COPS™ and MICROBUS™ compatible 

■ Designed to be easily interfaced to other popular 
microprocessors 

■ 15 addressable expressions, including silences 

■ Natural inflection and emphasis of original speech 

■ Addresses 16k of ROM directly 

■ TTL compatible 

■ On-chip switch debounce^for interfacing to manual 
switches independent of a microprocessor 

■ Interrupt capability for cascading words or phrases 

■ Crystal controlled or externally driven oscillator 

■ Available in complete kit (DT1052) or speech ROM only 
(DT1055)* 


Applications 

■ Telecommunications 

■ Appliance 

■ Automotive 

■ Counters 

■ Consumer products 

■ Instrumentation 


DT1052 Vocabulary 


Byte Address M 

SW8 SW 1 ” essa 9 e 

Byte Address Messfloa 

SW8 SW1 Message 

00000000 ZERO 

00000001 ONE 

00000010 TWO 

000000 1 1 THREE 

00000100 FOUR 

0 0 0 0 0 1 0 1 FIVE 

0 0 0 0 0 1 1 0 SIX 

0 0 0 0 0 1 1 1 SEVEN 

0 0 0 0 1 0 0 0 EIGHT 

0 000 1 00 1 NINE 

0 0 0 0 1 0 1 0 POINT 

0000 1 0 1 1 20 ms SILENCE 

0 0 0 0 1 1 0 0 40 ms SILENCE 

0 0 0 0 1 1 0 1 80 ms SILENCE 

0000 1 1 1 0 160 ms SILENCE 

000 0 1 1 1 1 320 ms SILENCE 


"The recipient of these products automatically receives a non-exclusive license 
under U.S. Patent Application 432,859 and any patent or patents issuing thereon to 
' use such products, to assemble or otherwise incorporate them into further prod- 

ucts which may be covered by said patent application, or any patent or patents 
issuing thereon, and to use, sell, or otherwise dispose of such products’: 
Protected by U.S. Pat. No. 4124125, F.M. Mozer licenses available. 

* DT1052 is a complete kit including MM54104 SPC; DT1055 is MM52116SHRL speech ROM only. 

DIGITALKER™, MICROBUS™ and COPS™ are trademarks of National Semiconductor Corp. 
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Recommended Schematic Diagram 


7V-11V (REGULATED) 



Refer to MM54104 and MM52116 data sheets for complete specifications on electrical and 
timing characteristics. 
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DT1056/DT1057 


\ 


DIG ITALKER™ Speech Synthesis 


National 
Semiconductor 

DT1056/DT1057 DIGITALKER™ Standard Vocabulary Kit 


General Description 

The DIGITALKER™ is a speech synthesis system con- 
sisting of several N-channel MOS integrated circuits. It 
contains a speech processor chip (SPC) and speech ROM 
and when used with external filter, amplifier, and speaker, 
produces a system which generates high quality speech 
including the natural inflection and emphasis of the 
original speech. Male, female, and children’s voices can 
be synthesized. 

The SPC communicates with the speech ROM, which con- 
tains the compressed speech data as well as the frequen- 
cy and amplitude data required for speech output. Up to 
128k bits of speech data can be directly accessed. 

With the addition of an external resistor, on-chip de- 
bounce is provided for use with a switch interface. 

An interrupt is generated at the end of each speech se- 
quence so that several sequences or words can be 
cascaded to form different speech expressions. 

The DTI 056/DTI 057 is a standard DIGITALKER kit en- 
coded with 131 separate and useful words (see the Master 
Word List Table I) and when used with the DT1050 
Standard Vocabulary Kit, provides a library of 274 useful 
words. The words have been assigned discrete addresses, 
making it possible to output single words or words con- 
catenated into phrases or even sentences. 


The “voice” output of the DT1056/DT1057 is a highly in- 
telligible male voice. The vocabulary is chosen so that it is 
applicable to many products and markets. 

Features 

■ Easily adaptable to DT1050 Standard Vocabulary Kit 

■ 131 useful words 

■ COPS™ and MICROBUS™ compatible 

■ Designed to be easily interfaced to other popular 
microprocessors 

■ Natural inflection and emphasis of original speech 

■ Addresses 128k bits of ROM directly 

■ TTL compatible 

■ On-chip switch debounce for interfacing to manual 
switches independent of a microprocessor 

■ Interrupt capability for cascading words or phrases 

■ Crystal controlled or externally driven oscillator 

■ Available in complete kit (DT1056) or speech ROMs only 
(DTI 057) 


Applications 

■ Telecommunications 

■ Appliance 

■ Automotive 

■ Teaching aids 


■ Consumer products 

■ Clocks 

■ Language translation 

■ Annunciators 


Typical Applications 


Minimum Configuration Using Switch Interface 



DIGITALKER™, MICROBUS™ and COPS™ are trademarks of National Semiconductor Corp 
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Absolute Maximum Ratings 4 


Storage Temperature Range 
Operating Temperature Range 
Vdd-Vss 


-65°Cto +150°C Voltage at Any Pin 12V 

0°Cto70°C Operating Voltage Range, V DD -V SS 7Vto11V 

12V Lead Temperature (Soldering, 10 seconds) 300°C 


DC Electrical Characteristics* t a = o°c to 7 o°c, v DD = 7 v-n v, v ss = ov, uniessotherwise specified. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V, L 

Input Low Voltage 


-0.3 


0.8 

V 

V| H 

Input High Voltage 


2.0 


Vdd 

V 

VOL 

Output Low Voltage 

l 0L = 1-6 mA 



0.4 

V 

V OH 

Output High Voltage 

Ioh = -100/iA 

2.4 


5.0 

V 

V| L X 

Clock Input Low Voltage 


-0.3 


1.2 

V 

V|HX 

Clock Input High Voltage 


5.5 


Vdd 

V 

■dd 

Power Supply Current 




45 

mA 

1 1 L 

Input Leakage 




±10 


•iLX 

Clock Input Leakage 




±10 

mA 

Vs 

Silence Voltage 



0.45 V DD 


V 

VoUT 

Peak to Peak Speech Output 

V DD = 11V 


2.0 


V 

r ext 

External Load on Speech 

Rext Connected Between Speech 

50 



kft 


Output 

Output and V ss 






AC Electrical Characteristics 4 


T A = 0°C,to 70°C, V dd = 7V-11V, Vss = 0V, unless otherwise specified. 


Symbol 


Parameter 


Min 


Max 


Units 


taw 

tcsw 

tdw 

twa 

twd 

t W w 

tred 

twss 

ft 


CMS Valid to Write Strobe 
Chip Select ON to Write Strobe 
Data Bus Valid to Write Strobe 
CMS.Hold Time after Write Strobe 
Data Bus Hold Time after Write Strobe 
Write Strobe Width (50% Point) 


ROMEN ON to Valid ROM Data 
Write Strobe to Speech Output Delay 
External Clock Frequency 


350 

310 

50 

50 

100 

430 


3.92 


2 

410 

4.08 


ns 

ns 

ns 

ns 

ns 

ns 

A s 

/IS 

MHz 


Note: Rise and fall times (10% to 90%) of MICROBUS signals should be 50 ns maximum. 
*SPC characteristics only. ROM characteristics covered by separate data sheet for MM52164. 


Timing Waveforms 


Command Sequence 
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Timing Waveforms (Continued) 


ROM Data Timing 



Note 1: ROM Data 1 -8 can go valid any time after ADRO-13 changes, however it must be valid within the t rec ) spec and remain valid until ROMEN goes high. 


Functional Description 


The following describes the function of all SPC input and 
output pins. 

Note: In the following descriptions, a low represents a 
logic 0 (0.4V nominal), and a high represents a logic 1 (2.4V 
nominal). 

INPUT SIGNALS 

Chip Select (CS): The SPC is selected when CS is low. It is 
only necessary to have CS low during a command to the 
SPC. It is not necessary to hold CS low for the duration of 
the speech data. 

Data Bus (SW 1-8): This is an 8-bit parallel data bus which 
contains the starting address of the speech data. 

Data bus inputs SW 1-SW 8 accept an 8-bit binary address 
which is the address of the word which is to be “spoken” 
from the DIGITALKER output. See the Master Word List 
(T able I) for the complete listing of words and their respec- 
tive addresses. If the entire word list is not used, unused 
inputs must be connected to V ss . 

Command Select (CMS): This line specifies the two com- 
mands to the SPC. 

CMS Function 

0 Reset interrupt and start speech sequence 

1 Reset interrupt only 

Write Strobe (WR): This line latches the starting address 
(SW 1-SW 8) into a register. On the rising edge of the WR, 
the SPC starts execution of the command specified by 
CMS. The command sequence is shown in the timing 
waveform section. If a command to start a new speech se- 
quence is issued during a speech sequence, the new 
speech sequence will be started immediately. When con- 
necting WR to a switch, it must be a single pole 2 position 
switch as shown on page 1. 

ROM Data (RDATA 1-8): This is an 8-bit parallel data bus 
which contains the speech data from the speech ROM. 


OUTPUT SIGNALS 

Interrupt (INTR): This signal goes high at the completion 
of any speech sequence. It is reset by the next valid com- 
mand. It is also reset at power up. 

ROM Address (ADR 0-ADR 13): This is a 14-bit parallel 
bus that supplies the address of the speech data to the 
speech ROM. 

ROM Enable (ROMEN): For low power applications, this 
line can be used to drive a transistor that switches the sup- 
ply for static speech ROMs. See ROM Data Timing. 

Speech Output (Speech Out): This is the analog output 
that represents the speech data. See frequency response 
section. 


INPUT/OUTPUT SIGNALS 

Clock Input/Output (OSC IN, OSC OUT): These two pins 
connect the main timing reference (crystal) to the SPC. 

PHRASE QUALITY 

In normal human speech, the brain puts durations of 
silence between the words to make the sentence flow 
smoothly. Since several durations of silence are provided 
in the Master Word List, the actual quality of any phrase 
can be significantly improved by adding durations of 
silence (also assigned addresses) between the words. As 
one thinks about how the phrase is actually spoken, one 
might assume the approximate duration of silence be- 
tween each word, and insert the closest duration of 
silence from the word list. A hint in this area would be that 
for words beginning with the letters, K, T, P, B, D, and G 
insert 80 milliseconds silence prior to the words, and for 
words ending in the same letters as above, 40 milli- 
seconds silence following the word is recommended. 
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Functional Description (Continued) 


TABLE I. DT1056/DT1057* MASTER WORD LIST 



1 8-Bit Binary 


8-Bit Binary 


8-Bit Binary 

Word 

Address 

Word 

Address 

Word 

Address 


SW8 SW 1 


SW8 SW1 


SW8 SW1 

ABORT 

o"oooooTo 

FARAD 

00101100 

PER 

0101 1000 

ADD 

00000001 

FAST 

00101101 

PICO 

0101 1001 

ADJUST 

00000010 

FASTER 

00101110 

PLACE 

01011010 

ALARM 

0000001 1 

FIFTH 

00101111 

PRESS 

01011011 

ALERT 

000001 00 

FIRE 

001 10000 

PRESSURE 

01011100 

ALL 

000001 01 

FIRST 

001 1 0001 

QUARTER 

01011101 

ASK 

000001 1 0 

FLOOR 

00110010 

RANGE 

01011110 

ASSISTANCE 

00000111 

FORWARD 

00110011 

REACH 

01011111 

ATTENTION 

00001000 

FROM 

0 0-110100 

RECEIVE 

01 1 00000 

BRAKE 

00001 001 

GAS 

00110101 

RECORD 

01 1 00001 

BUTTON 

00001010 

GET 

00110110 

REPLACE 

01 10001 0 

BUY 

UUUU IU 1 1 

GOING 

00110111 

DCVtrRQF 

01100011 

CALL 

00001 1 00 

HALF 

00 1 1 1 000 

ROOM 

01 100100 

CAUTION 

00001 101 

HELLO 

00111001 

SAFE 

01100101 

CHANGE 

00001 1 1 0 

HELP 

001 11010 

SECURE 

01100110 

CIRCUIT 

00001 1 1 1 

HERTZ 

00111011 

SELECT 

01100111 

CLEAR 

00010000 

HOLD 

00111100 

SEND 

01 101000 

CLOSE 

00010001 

INCORRECT 

00111101 

SERVICE 

01101001 

COMPLETE 

00010010 

INCREASE 

00111110 

SIDE 

01101010 

CONNECT 

0001 001 1 

INTRUDER 

00111111 

SLOW 

01101011 

CONTINUE 

00010100 

JUST 

01000000 

SLOWER 

01101100 

COPY 

000101 01 

KEY 

01000001 

SMOKE 

01101101 

CORRECT 

0001 01 1 0 

LEVEL 

01000010 

SOUTH 

01101110 

DATE 

0001 01 1 1 

LOAD 

01000011 

STATION 

01101111 

DAY 

0001 1000 

LOCK 

01000100 

SWITCH 

01 1 1 0000 

DECREASE 

00011001 

MEG 

01000101 

SYSTEM 

01 1 1 0001 

DEPOSIT 

0001 1010 

MEGA 

0 1 000 1 1 0 

TEST 

01110010 

DIAL 

0001 1011 

MICRO 

0 1 000 1 1 1 

TH (NOTE 2) 

01110011 

DIVIDE 

0001 1 100 

MORE 

01001 000 

THANK 

01110100 

DOOR 

0001 1101 

MOVE 

01001001 

THIRD 

01 110101 

EAST 

0001 1110 

NANO 

01001010 

THIS 

01110110 

ED (NOTE 1) 

0001 1111 

NEED 

01001011 

TOTAL 

01110111 

ED (NOTE 1) 

00100000 

NEXT 

01001 100 

TURN 

0111 1000 

ED (NOTE 1) 

ooi odooi 

NO 

01001 101 

USE 

01111001 

ED (NOTE 1) 

0010001 0 

NORMAL 

01001 1 10 

UTH (NOTE 3) 

01111010 

EMERGENCY 

0010001 1 

NORTH 

01001111 

WAITING 

01111011 

END 

00100100 

NOT 

01010000 

WARNING 

01111100 

ENTER 

00100101 

NOTICE 

0101 0001 

WATER 

01111101 

ENTRY 

001 00 1 1 0 

OHMS 

0101001 0 

WEST 

01111110 

ER 

00100111 

ONWARD 

01010011 

SWITCH 

0 1 ,1 1 1 1 1 1 

EVACUATE 

00101000 

OPEN 

01010100 

WINDOW 

10000000 

EXIT 

00101001 

OPERATOR 

01010101 

YES 

10000001 

FAIL 

00101010 

OR 

0101011 0 

ZONE 

10000010 

FAILURE 

00101011 

PASS 

01010111 




*DT1056is a complete kit including MM54104 SPC; DT1057 is SSR5 and SSR6 speech ROMs only. 


Note 1 : “ED” is a suffix that can be used to make any present tense word become a past tense word. The way we say "ED,” however, does vary from one word to 
the next. For that reason, we have offered 4 different "ED" sounds. It is suggested that each “ED” be tested with the desired word for best quality results. Ad- 
dress 31 "ED” or 32 “ED” should be used with words ending in “T” or "D,” such as exit or load. Address 34 "ED” should be used with words ending with soft 
sounds such as ask. Address 33 “ED” should be used with all other words. 

Note 2: “TH” is a suffix that can be added to words like six, seven, eight to form adjective words like sixth, seventh, eighth. 

Note 3: “UTH” is a suffix that can be added to words like twenty, thirty, forty to form adjective words like thirtieth, fortieth, etc. 

Note 4: Address 130 is the last legal address in this particular word list. Exceeding address 130 will produce pieces of unintelligible invalid speech data.. 
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Crystal Circuit Information 

Typical Crystal Oscillator Network External Clock Input (4.0 MHz) 




(4.0 MHz crystal manufactured by Electro Dynamics Corp. P/N HC18-20 pF) 



Timing Min Units 
txH 100 ns • 
txL 100 ns 


SPC Block and Connection Diagrams 



AMPLIFIER 


DuaMn-Line Package 



RDATA 7 (MSB) 
RDATA6 


Dual-In-Line Package 



* For specific ROM device information, see MM52164 data sheet. 
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Typical Applications (Continued) 


Integration of DT1057 ROMs and DT1050 Kit 



DIGITALKER System Using COP420 Interface 


SYSTEM 

I/O 
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Typical Applications (Continued) 


speech out 

(FROM SPC) P 


Minimum Filter Circuit 

0.1 pF V DD 


27TRC 

* LM346 or equivalent ~ 

See MM54104 data sheet for additional filter information. 


Low Power Configuration Using Static ROM 
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MM54104 



National 

Semiconductor 


DIGITALKER™Speech Synthesis 


MM54104 DIGITALKER™ Speech Synthesis System 


General Description Features 


The DIGITALKER is a speech synthesis system consisting 
of multiple N-channel MOS integrated circuits. It contains 
an MM54104 speech processor chip (SPC) and speech 
ROM and when used with external filter, amplifier, and 
speaker, produces a system which generates high quality 
speech including the natural inflection and emphasis of 
the original speech. Male, female, and children’s voices 
can be synthesized. 

The SPC communicates with the speech ROM, which con- 
tains the compressed speech data as well as the frequen- 
cy and amplitude data required for speech output. Up to 
128k bits of speech data can be directly accessed. This 
can be expanded with minimal external logic. 

With the addition of an external resistor, on-chip de- 
bounce is provided for use with a switch interface. 

An interrupt is generated at the end of each speech se- 
quence so that several sequences or words can be 
cascaded to form different speech expressions. 

Encoding (digitizing) of custom word or phrase lists must 
be done by National Semiconductor. Customers submit to 
the factory high quality recorded magnetic reel to reel 
tapes containing the words or phrases to be encoded. 
National Semiconductor will sell kits consisting of the 
SPC and ROM(s) containing the digitized word or phrases. 


■ Designed to be easily interfaced to most popular 
microprocessors 

■ 256 possible addressable expressions 

■ Male, female, and children’s voices 

■ Any language 

■ Natural inflection and emphasisof original speech 

■ Addresses 128k of ROM directly 

■ TTL compatible 

■ MICROBUS™ and COPS™ compatible 

■ On-chip switch debounce for interfacing to manual 
switches independent of a microprocessor 

■ Easily expandable to greater than 128k ROM 

■ Interrupt capability for cascading words or phrases 

■ Crystal controlled or externally driven oscillator 

■ Ability to store silence durations for timing sequences 

■ Standard vocabulary sets available 


Applications 

■ Telecommunications 

■ Appliance 

■ Automotive 

■ Teaching aids 


■ Consumer products 

■ Clocks 

■ Language translation 

■ Annunciators 


Typical Applications ^ Minimum Configuration Using Switch Interface 



“The recipient of these products automatically receives a non-exclusive license 
under U.S. Patent Application 432,859 and any patent or patents issuing thereon to 
use such products, to assemble or otherwise incorporate them into further prod- 
ucts which may be covered by said patent application, or any patent or patents 
issuing thereon, and to use, sell, or otherwise dispose of such products” 
Protected by U.S. Pat. No. 4124125, F.M. Mozer licenses available. 


* Single pole 2 position 
momentary switch 
* * 4.0 MHz crystal Electro 
Dynamics Corp. 20 pF HC18 

DIGITALKER™, MICROBUS™ and COPS™ are trademarks of National Semiconductor Corp. 
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Absolute Maximum Ratings 

StorageTemperature Range - 65°C to + 150°C 

Operating Temperature Range - 40°C to 85°C 

v dd _v ss "12 V 


Voltage at Any Pin 12V 

Operating Voltage Range, V DD -V S s 7V to 11 V 

Lead Temperature (Soldering, 10 seconds) 300°C 


DC Electrical Characteristics t a = 0°C to 70°C, Vqo = 7V-11 V, Vss = 0V, unless otherwise specified. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

V|L 

Input Low Voltage 


-0.3 


0.8 

V 

V|L 

Input Low Voltage 

T a = - 40°C to 85°C 

-0.3 


0.6 

V 

V,H 

Input High Voltage 


2.0 


V DD 

V 

V| H 

Input High Voltage 

T a = - 40°C to 85°C 

2.2 


V DD 

V 

VOL 

Output Low Voltage 

Iql — 1.6 mA 



0.4 

V 

VOH 

Output High Voltage 

Iqh = — 1 00 /x A 

2.4 


5.0 

V 

V,LX 

Clock Input Low Voltage 


-0.3 


1.2 

V 

V IHX 

Clock Input High Voltage 


5.5 


Vdd 

V 

V 0 LX 

Clock Output Low Voltage 

Typical Crystal 

Configuration and 10M 

Load on Pin 2 



1.2 

V 

V OHX 

Clock Output High Voltage 

Typical Crystal 

Configuration and 10M 

Load on Pin 2 

5.5 


Vdd 

V 

*DD 

Power Supply Current 




45 

mA 

!dd 

Power Supply Current 

T a = - 40°C to 85°C 



50 

mA 

«IL 

Input Leakage 




±10 

m a 

•iLX 

Clock Input Leakage 




±10 

mA 

V S 

Silence Voltage 



0.45 V DD 


V 

V OUT 

Peak to Peak Speech Output 

v dd = iiv 


2.0 


V 

r ext 

External Load on Speech 

Rext Connected Between 

50 



kn 


Output 

Speech Output and V S s 






AC Electrical Characteristics T a = 0°C to 70°C, V DD = 7V-11 V, V S s = 0V, unless otherwise specified. 


Symbol 

Parameter 

Min 

Max 

Units 

*aw 

CMS Valid to Write Strobe 

350 


ns 

fcsw 

Chip Select ON to Write Strobe 

310 


ns 

fdw 

Data Bus Valid to Write Strobe 

50 


,ns 

fwa 

CMS Hold Time after Write Strobe 

50 


ns 

twd 

Data Bus Hold Time after Write Strobe 

100 


ns 

fww 

Write Strobe Width (50% Point) 

430 


ns 

tred 

ROMEN ON to Valid ROM Data 


2 

>iS 

fwss 

Write Strobe to Speech Output Delay 


410 

/iS 

ft 

External Clock Frequency 

3.92 

4.08 

MHz 


Note: Rise and fall times (10% to 90%) of MICROBUS signals should be 50 ns maximum. 
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Timing Waveforms 


Command Sequence 



ROM Data Timing 


x 


VALID ADDRESS 


XI 


mm 



Note 1: ROM data 1-8 can go valid any time after ADR 0-13 changes, however it must be valid within the t rec | specifications and remain valid until ROMEN 
goes high. 


Crystal Circuit Information 

Typical Crystal Oscillator Network 


External Clock Input (4.0 MHz) 




h-txH-H 


3\f 


h-tXL- 1 


Timing 

Min 

Units 

*XH 

100 

ns 

tXL 

100 

ns 


ROM 
DATA 1-8 




CONTROL 

WORD 


n 

71 





ADDRESS 

REGISTER 






i 

r 





PHONEME 


i 




REGISTER 




— — 




-►ADR 0-13 


Dual-Inline Package 


ADR 13 (MSB) 


£5- 
Wr- 
CMS- 
INTR ◄ 


CONTROL WORD 
REGISTER 


DMOD 

DATA 

REGISTER 

i 




DMOD 



DECODER 

CONTROL 

LOGIC 

H 



D/A 

CONVERTER 


GAIN AND 
FREQUENCY 
REGISTER 


"V* 


PROGRAMMABLE 

a 

FREQUENCY 


GENERATOR 

— 

1 


> - ■ ■ - ► 


OSC OUT 
ROMEN 


► SPEECH OUT 


PROGRAMMABLE 

GAIN 

AMPLIFIER 



RDATA 1 (LSB)-lH 
17 1 

RDATA 2 
RDAT.3- 
RDATA 4-—' 
VSS 
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Functional Description 

The following describes the function of all SPC input and 
output pins. 

Note: In the following descriptions, a low represents a 
logic 0 (0.4V nominal), and a high represents a logic 1 (2.4V 
nominal). 

INPUT SIGNALS 

Chip Select (CS): The SPC is selected when CS is low. It is 
only necessary to have CS low during a command to the 
SPC. It is not necessary to hold CS low for the duration of 
the speech data. 

Data Bus (SW 1-8): This is an 8-bit parallel data bus which 
contains the starting address of the speech data. Unused 
inputs must be tied to V ss . 

Command Select (CMS): This line specifies the two com- 
mands to the SPC. 

CMS Function 

0 Reset interrupt and start speech sequence 

1 Reset interrupt only 

Write Strobe (WR): This line latches the starting address 
(SW1-SW8) into a register. On the rising edge of the WR, 
the SPC starts execution of the command specified by 
CMS. The command sequence i§ shown in the timing 
waveform section. If a command to start a new speech se- 


Applications Information 

Frequency Response of Combined Amplifier and Speaker 


o 


« -20 


—i 

iu -40 


-60 

10 100 Ik ^ 10k 

FREQUENCY (Hz) 

Note 1: This curve is the desired response of the entire audio system including speaker. 
Minimum response is a low pass filter with a cutoff frequency of 200 Hz. For an audio system 
with a natural cutoff frequency around 200 Hz, this filter can be eliminated. This cutoff fre- 
quency may be tuned for the particular voice being synthesized. Fora low pitched male voice 
it may be 100 Hz, while for a high pitched female or child’s voice it might be 300 Hz. 

Note 2: This is optional filtering that can be eliminated by proper selection of the speaker. If 
this 2 pole response is electronically produced, it should be adjusted as described in Note 1. 
Note 3: This ie optional filtering that can be eliminated for simpler systems. The acceptable 
range for this cutoff frequency is 6000 Hz-8000 Hz. 



quence is issued during a speech sequence, the new 
speech s_equence will be started immediately. When con- 
necting WR to a switch is must be a single pole 2 position 
switch as shown on page 1. 

ROM Data (RDATA 1-8): This is an 8-bit parallel data bus 
which contains the speech data from the speech ROM. 

OUTPUT SIGNALS 

Interrupt (INTR): This signal goes high at the completion 
of any speech sequence. It is reset by the next valid com- 
mand. It Is also reset at power up. 

ROM Address (ADR 0-ADR 13): This is a 14-bit parallel 
bus that supplies the address of the speech data to the 
speech ROM. 

ROM Enable (ROMEN): For low power applications, this 
line can be used to drive a transistor that switches the sup- 
ply for static speech ROMs. See ROM data timing. 

Speech Output (Speech Out): This is the analog output 
that represents the speech data. See frequency response 
section. 

INPUT/OUTPUTSIGNALS 

Clock Input/Output (OSC IN, OSC OUT): These two pins 
connect the main timing reference (crystal) to the SPC. 
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Typical Applications (Continued) 



Filter Circuit to Produce Maximum Frequency Response 


VDD 



DIGITALKER™ System Utilizing MICROBUS™ Interface Low Power Configuration Using Static ROM 



T T 


DIGITALKER 

KIT 
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Typical Applications (Continued) 


DIGITALKER™ System Using COP420 Interface 



Speech ROM Expansion for Requirements Greater Than 128k Bits 
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Circuit for Evaluation of 
Custom Vocabulary EPROM 
Prototype Set 


EPROM PROTOTYPE 

In the process of developing a product with a “custom” 
generated vocabulary, it may be necessary to develop 
special circuitry for listening to and evaluating your proto- 
type synthesized vocabulary prior to committing to read 
only memory (ROM) production. 

The prototype set will normally be supplied by National 
Semiconductor in the form of 2716 EPROM (Intel pinout) 
sets. The SPC (speech processor chip, part number 
MM54104) communication with EPROM sets does require 
some external hardware considerations which may not be 
necessary in the final ROM application, especially in 
multiple EPROM-equivalent ROM situations. (For exam- 
ple, four 16k-bit 2716 EPROMs equal one 64k-bit ROM.) 

Shown on next page is a recommended circuit which 
shows proper interface between 2716 EPROMs and the 
SPC. The circuit covers vocabularies from the minimum 
system of one 2716 (16k bits) to larger vocabularies of 
eight 2716s (128k bits). It is also true, that in an application 
requiring only one 2716, the MM74LS138 decoder device 
can be eliminated by connecting pin 20 of the 2716 to V ss 
(ground). The remaining unused pins 36, 37 and 38 of the 
SPC can be left unconnected in this case. 

UNUSED SPC INPUTS 

In any DIGITALKER™ design, an applications suggestion 
is in the area of unused input pins of the SPC. It should be 
understood that the number of different expressions and 
coincident addresses, as designated by the custom vo- 
cabulary, determines how many of the SW word address 
pins (pins 8-15) on the SPC are utilized. Vocabularies of 
less than 128 addresses will not use SW 8; vocabularies of 
less than 64 addresses will not use SW 7 or SW 8, and etc. 
These unused SW pins must be tied to v ss (ground) to 
simplify the application. In fact, any unused input to the 
SPC must be tied to v ss- 

FILTERING 

Use of the DIGITALKER is quite straightforward, however, 
a point on application that must be covered in this brief 
concerns the frequency response of the output speech. 
The ultimate quality of the DIGITALKER will strongly de- 
pend upon the filter, amplifier and speaker choices made 


a 


by the user. For that reason, it is important to understand 
the output characteristics of the device. 

Because the synthesized speech data is derived from a 
differentiated and sampled input signal, it is necessary to 
pass the output waveform of the MM54104 through a low- 
pass f i Iter with a cutoff frequency of approximately 200 Hz 
and an attenuation characteristic of rtR/Hpnadp. This 
compensates for the high frequency pre-emphasis used in 
the synthesis technique. If the system of interest has a 
natural rolloff near 200 Hz, this low-pass filter can be 
eliminated. The important item is that the entire audio 
system should have a cutoff frequency of approximately 
200 Hz. The placement of the cutoff frequency may be ad- 
justed for the particular type of voice being synthesized. A 
low pitched man’s voice might sound better with a 100 Hz 
cutoff point while women’s and children’s voices may 
show improvements with a 300 Hz cutoff. 

As an example of how the overall frequency response of a 
particular application can minimize the need for extra 
filtering, consider the DIGITALKER as a voice announce- 
ment circuit in a telephone system. 

In this case, the telephone network provides a natural 
attenuation to high frequencies that balances the SPC 
high frequency pre-emphasis. As a result, the low-pass 
filter previously mentioned can be eliminated. However, 
because signal frequencies above 3 kHz must be attenuat- 
ed before they are allowed to pass into the telephone net- 
work, a cutoff filter of 3400 Hz may be required in place of 
the previously mentioned 200 Hz low-pass filter. A good 
filter for this application is the National Semiconductor 
AF133 active filter. 

In addition to the 200 Hz to 3400 Hz low-pass filter, an extra 
stage of low-pass filtering can be used for frequencies 
above 7 kHz. This filter is optional and is normally only 
used to further reduce sampling noise. Most systems can 
omit this filter, especially if the overall system bandwidth 
is not very wide. A second optional filter can be included to 
limit the overall low frequency response of the system. 
This high-pass filter would normally cutoff below 200 Hz 
(adjusted to match the 200 Hz low-pass if provided). This 
high-pass filter limits low frequency noise, and can usu- 
ally be omitted if system characteristics do not require 
this function. 


National Semiconductor 
Linear Brief 54 
Fred Wickersham 
June 1981 


"The recipient of these products automatically receives a non-exclusive license 
under U.S. Patent Application 432,859 and any patent or patents issuing thereon to 
use such products, to assemble or otherwise incorporate them into further prod- 
ucts which may be covered by said patent application, or any patent or patents 
issuing thereon, and to use, sell, or otherwise dispose of such products” 

DIGITALKER™ is a trademark of National Semiconductor Corp. Protected by U.S. Pat. No. 4124125, F.M. Mozer licenses available. 
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LB-54 Circuit for Evaluation of Custom Vocabulary EPROM Prototype Set 
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LB-54 Circuit for Evaluation of Custom Vocabulary EPROM Prototype Set 

Recommended Circuit for Evaluating up to 8 Custom Encoded EPROMs (2716) 


P'V MOMENTARY 
L SWITCH 



Vss 

v 00 

SW1 

RDATA 1 


r— TA3 

SW4 

RDATA 4 

"WC 




sws 

RDATA 8 


AO 


SPC M 


A3 

RQMEN 

A4 


A5 

WR 

A6 


A7 


AS 

OSC IN 

A9 


A10 


All 


A1Z 

OSC OUT A13 

SPEECH OUT 



0 01 vf ^ 0.001 Af j J" 


OPTIONAL ADDITIONAL FILTER 

— 7 7.5k ufv, 

6 LM3^ H+ 


V CC 

Oo 

G1 

01 

G2A 

02 

G2B 

MM74LS138 

o 3 

Vss 

0, 

AO 

Os 

A1 

Ob 

A2 

0? 




Note: All unused inputs to SPC must be tied to ground (Vqs). 


* Recommended filter requirements. See text and MM54104 data sheet for complete filter application suggestions 



Speech Synthesis 


National Semiconductor 
Application Note 252 
Jim Smith 
Dave Weinrich 



INTRODUCTION 

Electronic speech circuits offer a new dimension of 
sophistication to many modern machines. As annuncia- 
tors in trains, elevators, office buildings, autos, airplanes, 
terminals, toys and games, etc., electronic speech circuits 
provide a more direct and natural announcement than 
bells, buzzers or lights. With electronic voice signals, 
complex directions can be clearly given in any language 
and with a minimum of effort. 

In the past, electronic announcement systems required 
elaborate tape mechanisms. These systems were expen- 
sive and troublesome, so their use was limited to the small 
number of applications that required speech announce- 
ments (e.g., telephone announcement systems). The first 
all-electronic systems used analog to digital conversion 
techniques to convert actual voice into digital signals. 
These digital speech signals were then stored as PCM or 
delta modulation signals in semiconductor memories. 
The major problem with this arrangement was the 
massive memory required for a moderate amount of an- 
nouncement time. One second of digital speech, in this 
configuration, required from 16k to 100k bits of memory. 

The latest solution to electronic speech is known as 
speech synthesis. This technique provides a dramatic 
reduction in the memory required for one second of 
speech. Memory requirements range from 400 bits to 2000 
bits per second depending on the desired speech attri- 
butes and overall quality. The synthesizer technique takes 
advantage of the fact that speech signals are highly 
redundant and predictable. By coding only the slowly 
varing coefficients of speech or by dramatic compression 
of digitized speech, significant bandwidth reductions in 
the digitized signal can be realized. These techniques, 
coupled with LSI semiconductor technology, make true 
voice synthesis practical. 

The National Semiconductor speech processor chip (SPC) 
provides the complete speech synthesis reproduction cir- 
cuitry needed to generate high quality and natural speech 
(male, female or a child’s voice), electronic tones or music. 
A complete chip set is called the DIGITALKER™. It con- 
sists of the speech processor chip and a speech ROM. The 
applications for this chip set are endless, but to name a 
few: 

Voice interactive computer terminals 

Automotive, nautical and aeronautical instrumentation 

annunciators 

Voice-back units for banking, weather and time 
announcements, answering machines, etc. 

Elevators, trains, subway systems, etc. 

Consumer appliances, toys and games 
Warning systems for fire and police emergency 

All of these applications benefit from the lower overall 
cost, high reliability, excellent performance and fast con- 
trol response afforded by the National Semiconductor 
DIGITALKER™ system. The remainder of this note will be 

DIGITALKER™ is a trademark of National Semiconductor Corp. 


devoted to a description of the MM54104 SPC, the tech- 
nique used to synthesize speech and finally a review of the 
major DIGITALKER™ applications. 

SPEECH SYNTHESIS 

The basic phonological element of speech is the 
phoneme. The phoneme represents a simple sound that 
by itself cannot distinguish different words. Phonemes, 
together with speaker inflection, volume, emphasis, etc. 
are the fundamental building blocks of speech. The overall 
quality of any speech synthesizer, therefore, is directly 
controlled by its ability to faithfully reproduce all of the 

reproduction. 

The common American English language consists of ap- 
proximately 38 to 40 phonemes— 14-16 vowel sounds and 
24 consonant sounds. Each phoneme is generated with 
either a voiced sound, as in “eye”, or an unvoiced sound 
like the sh in “shy”. This difference between a voiced and 
unvoiced sound is very important because the unvoiced 
sounds are generally fewer in number and less dependent 
upon the physiological characteristics of the speaker. A 
speech synthesizer, it turns out, can exploit this important 
difference. Finally, normal speech rates are approximate- 
ly 10 to 15 phonemes per second (including silence inter- 
vals). Since 38-40 phonemes can be coded using 6 bits, the 
normal bit fate for phoneme reproduction is approximate- 
ly 60 to 90 bits per second. This bit rate, however, contains 
only phoneme information which is only one of the many 
important speech attributes. 

Since phoneme reproduction is a basic element in any 
speech synthesizer, an understanding of phoneme con- 
struction would be useful. Speech synthesis models use 
two driving functions, an impulse source for voiced 
sounds and a noise source (hiss noise) for unvoiced 
sounds. Each of these driving signals are filtered into 
specific frequency bands or formants by time-varying 
filters. The net result, for any particular set of valid filter 
coefficients, is a formant sound. In the human vocal tract 
system, the driving function consists of the lungs as the 
energy source, and the vocal cords for generating a voiced 
sound. The driving function for an unvoiced sound relies 
on the noise generated as air rushes through the vocal 
chambers and not on vocal cord vibrations. The formants 
are then generated by the resonant chambers of the 
throat, mouth and nasal cavities. By controlling the 
physical nature of these chambers with mouth position, 
tongue position and throat orifice size, a speaker can con- 
trol the formants to generate a phoneme. It should be 
noted, however, that formants are identified by distinctive 
frequency bands. The unvoiced sounds do not generate 
these distinctive bands and therefore do not necessarily 
require the “normal” formants for a faithful reproduction. 
These sounds are characterized by a noise or hiss with 
very little resonance. This unvoiced resonance is normally 
identified as a fricative formant (e.g., the “sh” sound) and 
is characterized by an unusually large content of high 
frequencies. 
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A formant-based speech synthesizer, as described pre- 
viously, would normally use at least three formant filters 
for voiced sounds and one formant filter for fricative 
sounds. An additional resonance, called nasal resonance, 
may be included but no dynamic formant function is usu- 
ally associated with the nasal resonator. For the synthesis 
of a normal English vowel using a male voice, the three 
basic formants would fall into the approximate frequency 
bands of 200 Hz to 800 Hz, 900 Hz to 2300 Hz and 2400 Hz to 
3000 Hz. The fricative formant is typically a pulse of high 
frequency noise in the band from approximately 2500 Hz 
to 8000 Hz, with the higher frequency fricatives like “th” 
usually much lower in relative amplitude when compared 
to the “sh” fricative sound. 

The basic formant synthesizer requires formant filter 
coefficient data, amplitude control data and driving func- 
tion control data. This minimum system could synthesize 
speech, but would not control inflection or emphasis. Its 
quality, therefore, can be very disappointing. Normal 
memory requirements for a minimal system are approxi- 
mately 400 bits for one second of speech. 

A second approach to speech synthesis does not auto- 
matically break speech into its minimum phonological 
elements. Instead, the speech waveform is sampled, digi- 
tized and compressed by the elimination of symmetrical 
redundancy and silent intervals, the use of adaptive delta 
modulation, and the adjustment of phase information in 
the digitized speech. In this way, speech elements can be 
synthesized as phonemes, phoneme groups, words or 
even whole phrases. Also, the attributes of the original 
speaker can be maintained if the synthesized 'elements 
are not broken down incorrectly (i.e., inflection can modify 
the sound of a phoneme if it occurs at the end of a word or 
phrase rather than at the beginning). 


In a speech compression system, unvoiced sounds can be 
standardized. During the compression algorithm, the 
voiced and unvoiced sounds are separated and the voiced 
sounds are compressed. Unvoiced sounds, however, are 
compared to the available sounds and synthesized by 
substitution. This approach is successful because un- 
voiced sounds have very few speaker defined characteris- 
tics. As a result, a relatively small set of unvoiced sounds 
can be used repeatedly. 

This speech compression technique offers excellent 
quality at a low data rate. The synthesis of a male voice, 
using English, will usually require an average of 1000 bits 
per word. Because the technique can be applied to any 
voice frequency signal, it is also capable of synthesizing 
women’s and children’s voices, music and tones. This 
flexibility, plus the realistic quality of the synthesized 
speech, make this technique very attractive. 

THE NSC SPEECH PROCESSOR CHIP (SPC) 

The National Semiconductor speech synthesis system 
consists of the SPC device plus the speech memory (ROM) 
required to assemble a complete DIGITALKER™ kit. To 
this kit a customer must add a clock input signal or the 
necessary oscillator components, an audio filter and 
amplifier and the control circuit function. This would 
represent the minimum configuration shown in Figure 1. 
The maximum amount of directly addressable speech 
memory accessible by the SPC is 128k bits, but external 
page addressing by the control circuit function can in- 
crease this ROM field as required. 

The SPC utilizes the speech compression synthesis 
technique. As mentioned earlier, this technique reduces 
the amount of memory needed to store electronic speech 
by removing the excess or redundant data from the 
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speech signal. The four main techniques to perform that 
task are: 

1. Elimination of redundant pitch periods 

2. Adaptive delta modulation coding to minimize band- 
width and memory requirements 

3. Phase angle adjustments to create mirror image 
symmetry 

4. Replacing the low level portion of a pitch period with 
silence (half-period zeroing) 

National Semiconductor uses an elaborate computer pro- 
gram to analyze a high fidelity tape recording and gener- 
ate a ROM pattern that will faithfully synthesize the 
original voice message. 

Figure 2 contains a block diagram of the MM54104 SPC.* 
The eight-bit start address bus allows up to 256 separately 
defined sounds or expressions to be stored in the speech 
ROM. The control interface to the start address port can 
take the form of decoding logic, a MICROBUS™ port or 
mechanical switches. 

When the W!"» goes high, the ctert eddrsss code is loaded 
into the control word address register. The SPC uses this 
control address to fetch the control word from ROM for the 
first block of speech data. The control word contains 
waveform information, repeat information and the ad- 
dress of the speech data. This address is loaded into the 
phoneme address register and is used to fetch the speech 
data used to recreate the speech waveform. Before the 
synthesis takes place, the waveform data must be decod- 
ed to provide information such as male or female, voiced 
or unvoiced, half-period zeroed or not half-period zeroed 
and silence. 

The unsynthesized waveform for a typical voiced pitch 
period might look like the signal shown in Figure 3a. In the 
process of converting this signal to a synthetic form, 
several operations are performed. First, the phase delay of 
the signal can be adjusted to create a symmetrical 
waveform about the center of the pitch period as shown in 
Figure 3b. The next step will replace the low level begin- 
ning and ending quarters of the waveform with silence 
( Figure 3c). The result is a compression factor of 4 to 1 on 


the original voice data. Now, delta modulation is applied 
and the results are shown in Figure 3c. Synthesis of the 
waveform starts with a period of silence (no speech data 
required), a quarter period of adaptive delta modulation- 
generated speech followed by the same speech data 



(a) Original Speech Waveform 

(b) Phase Angle Adjusted to Create Mirror Symmetry 

(c) Half-Period Zeroed and Delta Modulated 


FIGURE 3. SPC Waveforms (After Mozer [2]) 
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FIGURE 2. MM54104 Block Diagram 

MICROBUS™ is a trademark of National Semiconductor Corp. 
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fetched in reverse. Finally, the SPC will finish the last 
quarter cycle of the speech block period with silence. This 
phase modified speech data sounds the same as the origi- 
nal speech. 

At the end of a waveform or speech block, the SPC makes 
a decision about repeating the sequence. Each waveform 
of a typical voiced signal may be repeated an average of 3 
to 4 times. The typical unvoiced waveform may be 
repeated approximately 7 to 8 times. Once the proper 
number of repeats has been generated, the SPC will begin 
a new speech block sequence. This operation continues 
until the SPC has executed all control words associated 
with the original eight-bit start address code. 

SPC speech signals are stored as adaptive delta modula- 
tion data. This encoding technique exploits the relatively 
predictible and slowly changing characteristic of voiced 
speech. Because of the small differential between succes- 
sive speech samples, a delta value rather than an absolute 
value can be used to determine the actual speech signal. 
Addition of the delta value to previously accumulated 
values will result in a new output waveform signal level. An 
adaptive technique is used so that the delta step size can 
change in response to slope variations. This technique 
uses multiple delta modulation step sizes to obtain a more 
accurate resolution and yet, the required amount of stored 
data remains lower than the information required for a 
more conventional encoding scheme. 

The internal SPC clock is derived from a programmable 
frequency generator. Variations in the frequency of this 
clock, through the control word, allow the SPC to add a ris- 
ing and falling pitch to speech sounds and syllables. This 
derived pitch variation adds a natural inflection to the syn- 
thetic speech. 

Just as pitch variations are used to increase realism, so 
must the SPC use gain variations. Both techniques are 
controlled by data stored at the beginning of a speech 
block and the programmable oscillator and output ampli- 
fier circuit blocks of the SPC. 

Use of the DIGITALKER™ is quite straightforward and will 
be outlined in the next section. However, a point on appli- 
cation that must be covered in this note concerns the 
frequency response of the output speech. The ultimate 
quality of the DIGITALKER™ will strongly depend upon 
the filter, amplifier and speaker choices made by the user. 
For that reason, it is important to understand the output 
characteristics of the device. 

Because the synthesized speech data is derived from a 
differentiated and sampled input signal, it is necessary to 
pass the output waveform of the MM54104 through a low- 
pass filter with a cutoff frequency of approximately 200 Hz 
and an attenuation characteristic of 20 dB/decade. This 
compensates for the high frequency pre-emphasis used in 
the synthesis technique. If the system of interest has a 
natural rolloff near 200 Hz, this low-pass filter can be 
eliminated. The important item is that the entire audio 
system should have a cutoff frequency of approximately 
200 Hz. The placement of the cutoff frequency may be ad- 
justed for the particular type of voice being synthesized. A 
low pitched man’s voice might sound better with a 100 Hz 
cutoff point while women’s and children’s voices may 
show improvements with a 300 Hz cutoff. Figure 4a shows 
a filter and amplifier circuit for this minimum frequency 
response characteristic. 

As an example of how the overall frequency response of a 
particular application can minimize the need for extra 


filtering, consider the DIGITALKER™ as a voice an- 
nouncement circuit in a telephone system. 

In this case, the telephone network provides a natural 
attenuation to high frequencies that balances the SPC 
high frequency pre-emphasis. As a result, the low-pass 
filter previously mentioned can be eliminated. However, 
because signal frequencies above 3 kHz must be attenuat- 
ed before they are allowed to pass into the telephone net- 
work, a cutoff filter of 3400 Hz may be required in place of 
the previously mentioned 200 Hz low-pass filter. A good 
filter for this application is the National Semiconductor 
AF133 active filter. 

In addition to the 200 Hz to 3400 Hz low-pass filter, an extra 
stage of filtering can be used for frequencies above 7 kHz. 
This filter is optional and is normally only used to further 
reduce sampling noise. Most systems can omit this filter, 
especially if the overall system bandwidth is not very wide. 
A second optional filter can be included to limit the overall 
low frequency response of the system. This high-pass 
filter would normally cutoff below 200 Hz (adjusted to 
match the 200 Hz low-pass if provided). This high-pass 
filter limits low frequency noise, and can usually be omit- 
ted if system characteristics do not require this function. 
A circuit having the full frequency response characteristic 
is shown in Figure 4b. Figure 5 shows the recommended 
overall speech synthesis system frequency response. 


APPLICATIONS 

While the variety of synthetic speech applications are 
numerous, the actual implementation in any single ap- 
plication is usually limited to one of the following three 
techniques: 

(a) Single channel, hardware control logic 

(b) Single channel, software control logic 

(c) Multichannel, hardware or software control logic 

Each of these circuit approaches for the SPC will be 
discussed in this section. Particular emphasis will be 
placed on items (b) and (c), however, because of the broad 
application possibilities for these two techniques. 

Certain applications require a relatively small number of 
sentences or announcements with very little similarity 
between the different sentences. An example of this appli- 
cation might be a talking elevator controller where the 
messages are brief and non-^edundant (e.g., “going up, 
first floor, second floor”, etc.). In this application, certain 
words are used repeatedly but the number of messages is 
limited and the length of each message is short. This ap- 
plication and others just like it, do not require the 
assembly of short phrases into complete sentences, nor 
do they require a dynamic message structure as would be 
required with an automatic bank teller (e.g., “your change 
is ten dollars”) where a monetary amount may change 
from message to message. This fixed message applica- 
tion, therefore, may only require the minimum control 
circuit as shown in Figure 6. 

In Figure 6, the SPC receives a separate coded input for 
each complete sentence or message that is synthesized. 
This input code is received by the SPC through the SW 1 -8 
port. 

The circuit shown in Figure 6 uses a mechanical switch 
group to interface the SPC while the Figure 7 circuit uses 
a hardware logic controller to input the coded message 
control data. 
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(a) Minimum Low- Pass Filter/Amplifier 



(b) Maximum Filter Response Configuration 


FIGURE 4. SPC Filter and Amplifier 
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FIGURE 5. Recommended Frequency Response of Entire Audio System 
for MM54104 SPC 
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FIGURE 6. DIGITALKER™ with Switch Interface 



13-48 




After the proper message address is established on the 
SW 1-8 port, a momentary pulse must be applied to the 
WR line. If this signal is applied with a momentary action 
switch, as shown in Figure 6, then an external pull-up re- 
sistor should be used to pull the WR line up to logic high 
and complete the on-chip switch debounce circuitry. The 
suggested value of this resistance is one megohm. The 
WR input signal will latch the coded message address into 
the SPC on the rising edge of WR and initiate the synthetic 
speech message. Since each complete message uses a 
unique address code of the SW 1 -8 port, no further control 
action is required after this point. The SPC will synthesize 
the requested message and return to the idle state. If a 
new input command signal is received, either during or 
after a message is synthesized, the SPC will immediately 
abort the current message and begin the new one. The cir- 
cuit in Figure 1 shows a lock-out circuit to prevent the 
aborting of a current message so that messages must be 
completed before a new message can be initiated. 

In Figure 7, a message is initiated whenever a valid code 
word is applied to the eight-bit SW 1-8 port of the SPC. The 
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and timed to insure all transitions have died. Once the 
valid code is timed, an S-R latch is set and a WR rising 


edge is generated to start the SPC. This latch circuit also 
prevents retriggering of the SPC until after the present 
speech message is completed. Once the synthesized 
message has ended, the SPC will set the INTR line to the 
logic one state and a reset pulse will be generated to reset 
the lock-out latch. A new speech message can now be 
started by momentarily applying an idle address code 
followed by a valid code on the SW 1-8 input port. 

The SPC will directly address up to 128k bits of speech 
memory. Figure 8a shows a typical speech ROM con- 
figuration of 128k using two 64k ROMs. The types of ROMs 
used have mask programmable chip selects, therefore, no 
extra decode logic is required for memory requirements of 
less than 128k. Although this memory size is usually suffi- 
cient for most applications, certain systems may require 
added speech ROM addressing. The circuit in Figure 8b 
shows how the speech ROM of an SPC kit can be expand- 
ed in 128k bit pages or modules. Each page is arranged to 
contain a complete portion of the entire speech library for 
a particular system. Each single speech data block, as 

auufcSScu Via the oicui. auuicoS pOfi Gi Inc oru, iViuoi Ge 

contained within one ROM page. No page boundaries can 
be crossed during the synthesis of a speech expression. 


CONTROL 



FIGURE 8a. Typical Speech ROM Configuration 



FIGURE 8b. Speech ROM Expansion Configuration 
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While the simple control schemes discussed so far can be 
used in many applications, a far more important group of 
applications will take advantage of the SPC’s ability to 
construct sentences from a group of words, sounds and 
phrases. This type of application uses an intelligent con- 
troller or a microprocessor to string together a group of 
synthesized phrases to form a complete sentence. The 
electronic bank teller, previously mentioned, is a good 
example of this application. The microprocessor controls 
the stringing of SPC code addresses and applies them, 
one at a time, to the SW 1-8 port of the SPC. Handshake 
timing between the microprocessor and the SPC is pro- 
vided with the INTR line. This microprocessor interface 
arrangement is known as MICROBUS™ and the configur- 
ation is shown in Figure 9. 

The use of a microprocessor controller expands the versa- 
tility of the SPC tremendously. Messages that are com- 
posed of numerical responses or fixed phrases in random 
sequence can be easily constructed from a library speech 
memory. In addition, various tones or warnings can be syn- 
thesized and added before, during, or after an announce- 
ment to identify the urgency of each message. For exam- 
ple, an automobile message may state that “oil pressure 
is low”. Alone, that message may only mean that pressure 
has dropped but no immediate hazard exists. If, however, 
pressure has dropped below a critical value, the message 


could be compounded to say “warning, oil pressure is low, 
pull over and stop the engine”. In this latter case, phrases 
of high urgency are added to the initial message to in- 
crease its level of importance. Of course, the second 
message is not completely separate from the first but is, 
instead, an expansion of the first. This technique allows 
fewer input address codes to initiate a larger number of 
messages without assigning a separate address code for 
each message and for each of its derivatives. This would 
be particularly important to an electronic bank teller 
since a large number of monetary amounts must be syn- 
thesized for a relatively small number of finished 
sentences. 

When preparing a speech ROM for an SPC that will synthe- 
size whole sentences from groups of phrases, it is impor- 
tant to note the desired inflections. The SPC has the abili- 
ty to synthesize all of the important speech attributes 
including pitch and gain variations, emphasis, inflection, 
etc. This leads to very high quality life-like synthetic 
speech if the stringing of phrases does not result in an 
artificial emphasis or inflection. It is important to choose 
phrases carefully and to record them with the attribute 
required for a realistic sentence string. The stringing 
'of phonemes should be avoided whenever possible be- 
cause the natural inflection is usually lost in such an 
arrangement. 
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FIGURE 9. DIGITALKER™ with Microprocessor (MICROBUS™) Interface 
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A low cost intelligent controller for the SPC is one of the 
COP400 series of microcontrollers. Figure 10 shows one 
possible arrangement of an SPC system and a COP420. 
The COP provides all of the advantages associated with a 
MICROBUS™ interface at a relatively low cost. Because 
of its limited I/O structure, the COP’s serial I/O port is 
expanded as required to obtain the desired number of 
input lines. 

The final application technique to be covered is the 
multichannel configuration. The previous arrangements 
used an SPC and a dedicated set of speech ROMs to pro- 
vide a single channel of synthetic speech. Appliances, 
autos, toys and games, terminals, etc. would probably use 


a single channel SPC arrangement. But an entirely dif- 
ferent group of products could take advantage of a multi- 
ple channel approach to reduce the ROM requirements. 
This group of products includes multiple elevator con- 
trollers, electronic bank tellers, multiple pupil learning 
centers, voice response telephone answering equipment, 
telephone switching system call announcement centers, 
etc. In this application, each channel would use a separate 
SPC and amplifier circuit, but several channels would 
share a common controller and speech library ROM. A 
typical configuration is shown in Figure 11. 

The library ROM of Figure 11 is shared over eight SPC 
channels. Each SPC channel is scanned once in 16 ns as 



FIGURE 10. DIGITALKER™ with COP420/COP421 Interface 



FIGURE 11. Multichannel Speech Synthesizer 
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shown in Figure 12. During each channel period of 2/xs, an 
SPC output address is presented to the ROM address in- 
put port via a pair of octal TRI-STATE® bus drivers. After 
one ns, the data from the ROM is clocked into the 
channel’s octal data latch, the output of which is con- 
nected to the SPC ROM data input port. The remaining 1 /xs 
of each channel cycle is provided for bus settling time. 

When the speech library ROM is shared over many chan- 
nels, the actual number of shared channels is controlled 
by the MM54104 SPC memory cycle timing. Because the 
channel scanning is asynchronous to the SPC cycle tim- 
ing, it is necessary for each channel to be scan ned at least 
once during the high interval of the ROMEN signal. As 
shown in Figure 13, this signal is high for at least 20 /xs of 
each memory fetch cycle. Thus, a scanning rate of one 
channel every 16 /xs will insur e that e ach channel is 
scanned at least once while the ROMEN signal is high. 

One final note is necessary about the configuration in 
Figure 11. Simple modifications to the counter and 
decoder circuitry would allow this circuit to handle sixteen 
channels. A four-line to sixteen-line decoder would 
replace the three to eight decoder and the clock would 
directly enable the decoder during the logic low clock 
period. All sixteen channels would be scanned every 16 /xs 
and the scan interval for each channel would be one jxs — 


one-half /xs of memory access time and one-half #is of bus 
guard time. 

The last multichannel circuit is shown in Figure 14. This 
scheme reduces the number of wires needed between the 
speech ROM and each SPC channel. By multiplexing 
address and data over the same parallel bus, fewer wires 
are needed. This approach is particularly attractive when 
each SPC channel is located on an individual circuit card. 
A telephone central office or PABX announcement system 
is a typical example of a channel per card arrangement. 
Figure 14 represents that type of system. 

As shown in Figure 15, each channel of the unified bus 
approach is scanned for one / xs . As many as sixteen c han- 
nels, therefore, can be scanned during the ROMEN high 
cycle of any SPC. During each channel scan, the bus is 
gated to transmit the ROM address to latches on the ROM 
circuit board. The address is sent in two bytes. After a brief 
delay of one-half /xs, the bus is gated to return the 
requested ROM data to the same SPC channel. This data 
is then latched on the SPC channel card. This scheme is 
very straightforward. It exchanges reduced interconnect 
wiring for additional logic circuits. 

To minimize interconnect wiring when using a unified bus 
structure, the SPC control logic would probably be con- 
figured on a per channel basis. The COP microcontroller, 
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FIGURE 12. Multichannel Timing diagram 
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once again, is a logical choice for this function. The COP 
controller initiates and assembles a group of fixed 
messages. Because of general similarities between the 
various messages, phrase strings are used to construct 
each finished message. Also, the circuit in Figure 14 
allows one message to contain a non-fixed message— a 
telephone number. The COP controller reads a group of 
program switches or receives a down-loaded number from 
the switching system’s central processor. It then inserts 
this number into the appropriate place during the syn- 


thesis of the following typical message— “The number 
you are calling has been changed. The new number is 
555-3434”. The ROM library in this case contains the 
phrases required for message construction and the data 
needed to synthesize the name of each decimal digit. The 
library could also contain the names of the teen digit pairs, 
and the words “hundred” and “thousand”. These would be 
used to synthesize the words “thirteen hundred” or “two 
thousand”, etc. 
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FIGURE 14. Multichannel Synthesizer with Unified Bus 
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FIGURE 15. Multichannel (Unified Bus) Timing Diagram 
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SUMMARY 

This application note describes some of the versa- 
tility, and flexibility of the National Semiconductor 
DIGITALKER™ System. This system provides low cost 
speech and tone synthesis for products ranging from 
consumer items to computers. It provides a reliable alter- 
native to mechanical systems (i.e., tape decks) without 
sacrificing voice quality. Also described in this note are a 
few of the most popular circuit arrangements possible 
with the DIGITALKER™. Of particular interest are the 
methods outlined to assemble whole messages from 
phrase groups and the schemes used for multichannel 
synthesizer systems. This latter application is particularly 
interesting because of the memory savings for the 
multichannel user. 
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Protected by U.S. Pat. No. 4124125, F.M. Mozer licenses available. 
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I. RELIABILITY vs. QUALITY 

The words “reliability” and “quality” are often used 
interchangeably, as though they connoted identical 
facets of a product’s merit. But reliability and quality are 
different, and 1C users must understand the essential 
difference between the two concepts in order to properly 
evaluate which of National’s extended screening 
programs, A+ or B+ will offer the most cost effective 
product improvement for his application. 


QUALITY 

The concept of QUALITY gives us information about the 
population of faulty 1C devices among good devices, 
and generally relates to the number of faulty devices 
that arrive at a user’s plant. Looked at in another way, 
quality then relates to the number of faulty IC’s that 
escape detection at the 1C vendor’s plant. 

At Nation? 1 , 't '? the c^rfpr nf thp Oualitv Control (QC1 
Operation to continually monitor and reduce the number 
of faulty IC’s that escape detection. QC does this by 
testing the outgoing parts on an Acceptance Quality 
Level (AQL) basis. 1 The tighter the AQL testing, the 
more difficult it becomes for a defettive part to escape 
detection, thus the quality of the shipped product 
increases. 


RELIABILITY 

The concept of RELIABILITY, on the other hand, refers 
to how well a part that is initially good will withstand its 
environment. Reliability cannot be tested into a device. 
Reliability is principally a function of device design, die 
size, power dissipation, assembly methods and material, 
etc. Still there are tests and procedures that an 1C 
vendor can implement which will subject the 1C to stress 
in excess of what it will endure in actual use, which will 
eliminate marginal, short-life parts. 

On this basis, it is easily seen that it is possible that 
high quality IC’s may, in fact, have low reliability, while 
low quality IC’s may have high reliability. The object of 
extended screening programs is: (1) to enhance the 
quality by reducing the population of faulty devices 
among good devices and by so doing, eliminate the 
costly requirement of incoming tests by the user, and 
(2) provide maximum long term reliability minimizing 
equipment down-time, costly repairs and maintenance. 


II. QUALITY SAVES YOU MONEY 

When an 1C vendor specifies 1 00% final testing of his 
parts then, in theory, every shipped part should be a 
good part. However, in any population of mass- 
produced items there does exist a small percentage of 
defective parts. 

One of the best ways to reduce the number of such 
faulty parts is, simply, to retest the parts prior to 
shipment. Thus, if there is a one percent chance that a 
bad part will escape detection initially, retesting the 
parts reduces that probability to only 0.01 percent. This 
is exactly what tightening of the outgoing AQL level 
achieves. 


WHAT IS AQL? 

A good example of savings which can be achieved by 
taking advantage of tighter AQL (1) inspection levels is 
illustrated as follows: 

Assume a system uses 100 devices of a certain type 
which are procurred to a 1% AQL level, and no 
incoming inspection/testing is done by the user. 
Statistically it can be shown that the number of 
systems that will require rework will be 80% of all 
systems manufactured! If enough devices are 
purchased to manufacture 100 systems (10,000 
devices) and the cost to trouble shoot and repair each 
system is $30.00, the total cost of repair will be 
$2,400 (80% of 100 systems at $30.00 each). 

Thus, the need for some preliminary component 
screening prior to system assembly becomes obvious. 

However, if the same devices are procurred to a 0.14% 
AQL level, which is seven times tighter than originally 
assumed, it can be shown that the number of systems 
requiring rework is reduced by a iaciui <j[ four, vVnuOiii 
the need for incoming inspection. 

Thus, on a 100 system basis, 20 systems will require 
repair at $30.00 per system, or a total of $600.00. A 
savings of $1 ,800 is realized, and the user need not 
invest in expensive capital equipment, procedures, and 
paper work. 

On a “savings per device” basis, this is a savings of 18* 
per device. Indeed, Quality saves you money! 

This is the value added by the A+ and B+ Linear 
programs. 


Hi. RELIABILITY SAVES YOU MONEY 

With the increased population of integrated circuits in 
modern electronics systems has come an increased 
concern with 1C failures. And rightly so, for at least two 
major reasons. First, the effect of component reliability 
on system reliability can be quite dramatic. For 
example, suppose that you, as a system manufacturer, 
were to choose an 1C that is 99% reliable. You would 
find that if your system used only 70 such IC’s the 
overall reliablility of the system’s 1C portion would be 
only 50%. 

In other words, one out of every two systems in the field 
would fail. The result? A system that is very costly to 
produce, costly to maintain, and probably very difficult to 
sell. 

Second, whether the system is large or small you 
cannot afford unnecessary maintenance costs. Not only 
have labor, repair and rework costs risen - and 
promise to continue to rise - but also, field replacement 
may be prohibitively expensive or impossible. If you ship 
a system that contains a marginally performing 1C, and 
that 1C later fails in the field, the cost of repair and 
replacement may be literally hundreds of times more 
than the cost of the failed 1C itself. 

(1) AQL testing is not to be confused with “in process” or electrical 
parameter testing in the normal product flow. All National prod- 
ucts are 100% tested for electrical data sheet parameters. 
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IV. IMPROVING THE RELIABILITY OF SHIPPED 
PARTS 

As was previously mentioned, reliability, in the true 
sense cannot be tested into a product. The most 
important factors that affect reliability are design, 
construction, materials and the assembly method. 
However, many of these can be examined and 
monitored by testing. As a matter of routine, National 
frequently performs 1000 hour burn-in life test and 
accelerated life tests to continually guarantee the quality 
and reliability of the linear product which is being 
shipped to customers. For example, the quality of the 
die attach for voltage regulators can be monitored by 
observing the thermal characteristics associated with 
“pulse loading” the regulator. This is a technique which 
National Linear pioneered over 10 "years ago and still 
performs on a 100% basis on three terminal regulators 
at no additional cost to the user. Many such tests, 
including destructive and non-destructive wire bond pull 
tests are a matter of routine with National. 

Further, in any test of reliability, the weaker parts will fail 
first. Stress tests will accelerate, or shorten the time of 
failure of the weak parts. Because the stress test 
causes weak parts to fail prior to shipment, the 
population of shipped parts will in fact demonstrate a 
higher reliability. 

One of, if not the most effective screening procedures in 
the Semiconductor industry, is the use of a burn-in to 
stress and accelerate the failure of weak parts. 

Thus, burn-in screen plus the tightened AQL outgoing 
testing, is the key to the A+ Linear Program. 


QUALITY AND RELIABILITY PROGRAMS FOR 
MOLDED LINEAR PRODUCTS 

One concern, with regard to quality and reliability in 
molded plastic products, is the problem of thermal 
intermittents. This problem first came to light in 1970 
and plagued all semiconductor manufacturers. Since 
that time considerable efforts have been focused on 
improving lead bonding and lead frames to make them 
stronger and more reliable as well as improvements in 
the package molding material itself. 

To better understand the problems a brief discussion of 
thermal intermittents is in order. 

Because wires and bonds are completely imbedded in 
plastic, molded integrated circuits are extremely 
rugged devices. They can survive mechanical shock 
and vibration conditions which would literally tear the 
bonds and wires to pieces in a cavity type package. 
However,. the non-cavity construction does present a 
unique problem. Sould a bond fracture or a wire 
break for some reason, the broken bond will remain in 
contact as long as the surrounding encapsulant 
continues to exert a compressive force on the bond. 
However, as the temperature increases, the 
compressive forces tend to relax due to the thermal 
mismatches between the lead frame, die, wires and 
the plastic. 

Ultimately, if a high enough temperature is reached, 
the broken bond will separate, causing an electrical 
discontinuity. The phenomenon is frequently 


reversible, that is, as temperature decreases, 
electrical continuity is restored. This type of 
discontinuity is commonly referred to as a THERMAL 
INTERMITTENT OPEN. If electrical continuity does 
not return when the package temperature returns to 
ambient, then a permanent open has occurred. 

If such defects occur during the manufacturing cycle 
of the device, and are not screened out by the 
manufacturer’s testing sequence or by some 
screening test imposed by the user, they will show up 
as infant mortality failures in the user’s equipment. If 
they occur during the user’s equipment manufacturing 
cycle (due to solder heat exposure, for example) they 
will also show up as infant mortality failure. 

The best way to screen for this phenomenon is to 
perform temperature cycling and “Hot Rail” testing after 
the device has been manufactured. The temperature 
cycling will stress the package mechanically to force the 
intermittent to occur if such a failure exists. The “Hot 
Rail” testing is performed to determine the functionality 
of the device at 100°C to ensure there are no open 
bonds at the worst case condition. 


NATIONAL’S B+ LINEAR PROGRAM GETS 
IT ALL TOGETHER 

We have stated that the B+ program improves both the 
quality and reliability of National’s molded integrated 
circuits, and pointed out the difference between those 
two concepts. Now, how do we bring them together? 
The answer is in the B+ program processing, which is a 
continuum of stress and double testing. With the 
exception of the final QC inspection, which is a 
tightened sample program, all steps of the B+ process 
are performed on 100 % of the parts. The following flow 
chart shows how we do it, step by step. 

1 EPOXY B PROCESSING FOR ALL MOLDED 
PARTS - 

At National, all molded semiconductors, 
including IC’s have been built by this process 
for some time. All processing steps, 
inspections and QC monitoring are designed to 
provide highly reliable products. (Reliability 
reports are available that give, in detail, the 
background of Epoxy B, the reason for its 
selection at National and reliability data that 
proves its success.) 

SIX HOUR, 150°C BAKE - 

This stress places the die bond and all wire 
bonds into a combined tensile and shear stress 
mode, and helps eliminate marginal bonds and 
electrical connections. 

FIVE TEMPERATURE CYCLES 
(0°C to 100°C) 

Exercising the circuits over a 100°C 
temperature range further stresses the bonds 
and eliminates marginal bonds missed during 
the bake. 

ELECTRICAL TESTING 

These room-temperature functional and 
parametric tests are the normal final tests 
through which all National products pass. 
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HIGH TEMPERATURE (100°C) FUNCTIONAL 
ELECTRICAL TEST - 

A high temperature test such as this with 
voltages applied places the die under the most 
severe stress possible. The test is actually 
performed at 100°C - 30°C higher than the 
commercial ambient limit. All devices are 
thoroughly exercised at the 100°C ambient. 
(Even though Epoxy B processing has virtually 
eliminated thermal intermittents, we perform 
this test to ensure against even the remote 
possibility of such a problem.) 

100% DC FUNCTIONAL AND 
PARAMETRIC TESTS - 

This is the second time that room-temperature 
functional and parametric tests are performed 
to National data sheet electrical limits. 

TIGHTER-THAN-NORMAL QC INSPECTION 
PLANS - 

Most vendors sample inspect outgoing parts to 

you specify the B+ program, however, not only 
do we sample your parts to a 0.28% AQL for 
all data sheet dc parameters, but they receive 
a 0.14% AQL for functionality as well. 
(Functional failures - not parameter shifts - 
cause most system failures.) Thus, the five to 
seven-times tightening of the AQL procedure 
gives a substantially higher quality to your B+ 
parts. And you can rely on the integrity of your 
received IC’s without incoming tests at your 
facility. 

SHIP PARTS 


Here are the QC Procedures used in our B+ test 
program: 


TEST 

TEMPERATURE 

AQL 

Electrical Functionality 

25°C 

0.14% 

Parametric, dc 

25°C 

0.28% 

Major Mechanical 

25°C 

0.25% 

Minor Mechanical 

25°C 

1% 


NATIONAL’S A+ LINEAR PROGRAM - 
THE ULTIMATE IN QUALITY AND 
RELIABILITY 

National has combined the successful B+ program with 
the Military/Aerospace processing specifications and 
. provides the A+ program as the best cost-effective 
approach to maximum quality and reliability on molded 
devices. The following flow chart shows how we do it 
step by step. The major difference between B + and the 
A + is the burn-in associated with the A + program. 

SEM - 

Randomly selected wafers are taken from 
production regularly and subjected to SEM 
analysis. 

EPOXY B SEAL - 

At National, all molded semiconductors, 
including IC’s have been built by this process 
for some time. All processing steps, 
inspections and QC monitoring are designed to 
provide highly reliable products. 




SIX HOUR, 150°C BAKE - 

This stress places the die bond and all wire 
bonds into a combined tensile and shear stress 
mode, and helps eliminate marginal bonds and 
electrical connections. 

FIVE TEMPERATURE CYCLES 
(0°C to 100°C) - 

Exercising the circuits over 100°C temperature 
range further stresses the bonds and 
eliminates any marginal bonds missed during 
the bake. 

ELECTRICAL TESTING - 

These room-temperature functional and 
parametric tests are the normal final tests 
through which all National products pass. 

BURN-IN TEST - 

Devices are stressed at maximum operating 
conditions to eliminate marginal devices. Test 
is performed per MIL-STD-883A, Method 
1015.1. 

HIGH TEMPERATURE (100°C) FUNCTIONAL 
ELECTRICAL TEST - 

A high temperature test with voltages applied 
places the die under the most severe stress 
possible. The test is actually performed at 
100°C - 30°C higher than the commercial 
ambient limit. All devices are thoroughly 
exercised at the 100°C ambient. 

100% DC FUNCTIONAL AND 
PARAMETRIC TESTS - 

This is the second time that room-temperature 
functional and parametric tests are performed 
to National data sheet electrical limits. 

TIGHTER-THAN-NORMAL QC 
INSPECTION PLANS - 

Most vendors sample inspect outgoing parts to 
a 0.65% (or in some cases a 1%) AQL. When 
you specify the A+ program, however, not only 
do we sample your parts to a 0.28% AQL for 
all data sheet dc parameters, but they receive 
0.1 4% AQL for functionality as well. (Functional 
failures - not parameter shifts beyond spec - 
cause most system failures.) Thus, the five- to 
seven-times tightening of the sampling AQL 
procedure gives a substantially higher quality 
to your A+ parts. And you can rely on the 
integrity of your received IC’s without incoming 
tests at your facility. 

SHIP PARTS 


Here is the QC procedure used in our A+ test program: 


TEST 

TEMPERATURE 

AQL* 

Electrical Functionality 

25°C 

0.14% 

Parametric, dc 

25°C 

0.28% 

Major Mechanical 

25°C 

0.25 % 

Minor Mechanical 

25°C 

1% 


* Note: New AQL’s will be in effect June ’82. Consult your local 
Sales Office, 


QUALITY AND RELIABILITY PROGRAM FOR 
HERMETIC PACKAGED LINEAR PRODUCT 


An improved quality and reliability program, similar to 
that which is available for molded products, is also 
available for commercial temperature range hermetic 
packages. 
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There is one major difference between the molded A+ 
program and the hermetic package A+ program. Since 
there is no material in contact with the wire bonds in a 
hermetic package, the need for “Hot Rail” functional , 
testing at 100°C is of no benefit and therefore not 
included. The devices are electrically tested (100%), 
then burned-in and then 100% electrically tested again. 

If a bond failure were to occur during burn-in, there is 
no material in contact with the bond (such as plastic in 
the case of molded products) that would tend to restore 
the bond when the device cooled. The result is that a 
weak bonding wire, once broken causing an “open” will 
remain open and be caught at the second 100% 
electrical screening. 

The A+ hermetic package program flow chart is shown 
below. 

NATIONAL’S A+ PROGRAM FLOW CHART 
FOR HERMETIC PACKAGES 

National has extended the successful B+ and A+ 
molded product programs to hermetic packages. We 
believe this to be the best practical approach to 
maximum quality and reliability for commercial devices. 
The following flow chart explains this program step by 
step. 

SEM - 

Randomly selected wafers are taken from 
production regularly and subjected to SEM 
analysis. 

ASSEMBLY AND SEAL - 

. All processing steps, inspections, and QC 
monitoring are designed to provide highly 
reliable products. MIL-STD-883 is the guideline 
by which all linear products are manufactured. 

SIX HOUR, 150°C BAKE - 

This stress places the die bond and all wire 
bonds into a combined tensile and shear stress 
mode, and helps eliminate marginal bonds and 
electrical connections. 

FIVE TEMPERATURE CYCLES 
(0°C to 100°C) - 

Exercising the circuits over 100°C temperature 
range further stresses the bonds and 
eliminates any marginal bonds missed during 
the bake. 


ELECTRICAL TESTING - 

Every device will be 100% tested at 25°C for 
functional and dc parameters. 

BURN-IN - 

Devices are stressed at maximum operating 
conditions to eliminate marginal devices. Test 
is performed per MIL-STD-883A method 
1015.1. 

DC FUNCTIONAL AND 
PARAMETRIC TESTS - 

These room temperature functional and 
parametric tests are the normal, final tests 
through which all National products pass. This 
is the second time 1 00% electrical testing is 
performed. 

TIGHTER-THAN-NORMAL QC 
INSPECTION PLANS - 

Most vendors sample inspect outgoing parts to 
a 0.65% (or in some cases a 1%) AQL. When 
you specify the A+ program, however, not only 
do we sample your parts to a 0.28% AQL for 
all data sheet dc parameters, but they receive 
0.14% AQL for functionality as well. (Functional 
failures - not parameter shifts beyond spec - 
cause most system failures.) Thus, the five- to 
seven-times tightening of the sampling 
procedure gives the highest quality to your A+ 
parts. And you can rely on the integrity of your 
received IC’s without incoming tests at your 
facility. 

SHIP PARTS 

Here are the QC Sampling plans used in 
our A+ test program: 


TEST 

Electrical Functionality 
Parametric, dc 
Major Mechanical 
Minor Mechanical 


TEMPERATURE 

25°C 

25°C 

25°C 

25°C 


* Note: New AQL’s will be in effect June ’82. Consult your local 
Sales Office. , 


PROCESS FLOW 


DESCRIPTION 


100% High Temperature Storage - 6 Hours @ 150°C 
100% Temperature Cycling, 5 Cycles - 0° to 100°C 
100% Burn-in per MIL-STD-883A, Method 1015.1 
100% High Temperature Test for Functionality at 100% 

100% DC Functional parametric Tests at Room Temperature 
Tightened QC Inspection Plan 


MOLDED 
N PACKAGE 


Q.C. SAMPLE PLAN 


HERMETIC 
H AND J 
PACKAGE 


TEST 

TEMPERATURE 

AQL 

Electrical Functionality 

25°C 

0.14% 

Parametric, dc 

25°C 

0.28% 

Major Mechanical 

25°C 

0.25% 

Minor Mechanical 

25°C 

1% 
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A synopsis of the A+ and B+ programs is shown on 
the preceding page. Also shown below is a listing of 
some of the most popular devices which are processed 
to this program and are readily available. 

For more information about this, or other National Linear 
programs, please contact your local representative. 


LF 13331 

LM1458 

LM307 

LM324 

LM3900 

LM723C 

LF13741 

LM1496 

LM308 

LM3301 

LM393 

LM725C 

LF347 

LM2900 

LM3080 

LM3302 

LM4250C 

LM733 

LF351 

LM2901 

LM310 

LM339 

LM555C 

LM741C 

LF353 

LM2902 

LM311 

LM3401 

LM556 

LM747C 

LF355 

LM2903 

LM318 

LM346 

LM566 

LM748C 

LF356 

LM2904 

LM319 

LM348 

LM567 


LF357 

LM301A 


LM358 

LM709C 



LM360 

LM361 


SUMMARY 

The B+ program, although offering improved Reliability 
attendent with additional stress testing, is primarily 
aimed at enhancing the quality of incoming devices and 
thus eliminating the need for incoming testing by the 
user. This program offers significant cost savings to the 
user and eliminates the need for the investment in 
expensive capital equipment to perform this testing. For 
all general, but relatively non-critical circuits, the B+ 
program is the most cost-effective. 


The A+ program incorporates not only the quality 
inherent with B+ program, but also adds burn-in for the 
ultimate in Reliability testing. The A+ program is 
recommended as the most cost-effective program for 
components which the user deems to be the most 
critical in his system. 

Both programs, A+ and B+, incorporate high 
temperature stress, double testing, and very tight 
out-going AQL QC proceedures. 

ORDER INFORMATION 

Any of the devices listed molded or hermetic package, 
may be ordered to the A+ program simply by adding 
the term A+ behind the device number, with a slash (/) 
in between. 

Examples: 

LM348N/A+ 

LF356H/A+ 

LM1458J/A+ 

Likewise, any molded (N pacxagej product may be 
ordered to the B+ program by adding the term B+ 
behind the device number. 

Examples: 

LF351N/B+ 

LM741CN/B+ 

For devices not listed, contact your local National 
Semiconductor Sales office for information on 
availability and ordering information. 
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Mi L- STD-883/ M I L-M- 38510 



National 

Semiconductor 


MIL-STD-883 


Mil-Standard-883 is a Test Methods and Procedures 
Document for Microelectronic Circuits. It was 
derived from MIL-S-19500, MIL-STD-750, and 
MIL-STD-202C for transistors and diodes at about 
the time that National Semiconductor Corporation 
was entering the military microelectronics market. 
As a result, our standard quality control operations 
are written around MIL-STD-883. The bonding 
control, visual inspections, and post seal screening 
requirements set forth by 883 (as well as added 
control procedures beyond the requirements of 
883) have been part of National's quality control 
procedures almost from the start. Our Quality 
Assurance Procedures Manual is available upon 
request. 


We offer a complete line of linear/883 (Class B) 
products as standard, off-the-shelf items. Special 
Linear/883 data sheets have been prepared to 
reflect this capability. They show process flow, 
electrical parameters, end of test criteria, and test 
circuits. We save you the problem of specifying test 
and inspection procedures, and offer significant 
cost savings by having an off-the-shelf, “to the 
letter” 883 program. In addition, we will test any 
of our integrated circuits to any class of MIL- 
STD-883. 

MIL-M-38510 

MIL-M-38510 specifies the general requirements 
for supplying microcircuits. These are; product 
assurance, which includes screening and quality 
conformance inspection; design and construction; 
marking; and workmanship. The screening and 
quality conformance inspection are conducted in 
accordance with MIL-STD-883. 


Screening 

All microcircuits delivered in accordance with MIL- 
M-38510 must have been subjected to, and passed 
all the screening tests detailed in Method 5004 of 
MIL-STD-883 for the type of microcircuit and 
product assurance level. 


The device electrical and package requirements of 
Ml L-M-38510 are detailed by a device specification 
referred to as a slash sheet. Each slash sheet defines 
the microcircuit electrical performance and mech- 
anical requirements. Each device listed on a slash 
sheet is referred to as a slash number and the group 
of the microcircuits contained on a slash sheet is 
defined as a family of devices. The device may be 
Class B or C as defined by MIL-STD-883, Method 
5004 and 5005. Three lead finishes are allowed 
by the slash sheet, pot solder dip, bright tin plate, 
and gold plate. 

The MIL-M-38510 specs for standard linear devices 
require 100% DC testing at 25°C, -55°C and 
+ 125°C. AC testing is performed at +25°C. The 
electrical parameters specified are tighter than the 
normal data sheet guaranteed limits. Additionally, 
MIL-M-38510 requires device traceability, exten- 
sive documentation and closely matched mainten- 
ance. 


Quality Conformance 

Quality conformance inspection is conducted in 
accordance with the applicable requirements of 
Group A, (electrical test), Group B and C, (environ- 
mental test) of Method 5005, MIL-STD-883. These 
tests are conducted on a sample basis with GroupA 
performed on each sublot, Group B on each lot, 
and Group C as specified (usually every three 
months). 

To supply devices to MIL-M-38510, the 1C manu- 
facturer must qualify the devices he plans to supply 
to the detail specifications. Qualification consists 
of notifying the qualifying activity of one's. intent 
to qualify to MIL-M-38510. After passing compre- 
hensive audits of facilities and documentation 
systems, the 1C manufacturer will subject the 
device to and demonstrate that they satisfy all of 
the Group A, B, and C requirements of Method 
5005 of MIL-STD-883 for the specified classes and 
types of 1C. The qualification tests shall be moni- 
tored by the qualifying agency. Finally the 1C 
manufacturer shall prepare and submit qualifica- 
tion test data to the qualifying agency. Groups A, 
B, and C inspections then shall be performed at 
intervals no greater than three months. 

The purpose of qualification testing is to assure 
that the device and lot quality conform to certain 
standard limits. In effect, lot qualification tests 
tend to ensure that once a particular device type 
is demonstrated to be acceptable,, it's production, 
including materials, processing, and testing will 
continue to be acceptable. These limits are speci- 
fied in MIL-STD-883 in terms of LTPD's (Lot 
Tolerance Percent Defective) for the various quali- 
fication test sub-groups. Qualification testing is 
performed on a sample of devices which are chosen 
at random from a lot of devices that has satisfac- 
torily completed the screening of Method 5004 
must be performed on each device, i.e. on a 100% 
basis as opposed to qualification testing (Method 
5005) which occurs on a random sample basis. 

In summary, the entire purpose of MIL-M-38510 
and MIL-STD-883 is to provide the military, 
through its contractors with standard devices. 

We at National Semiconductor have supplied and 
are supplying devices to the MIL-M-38510 specifi- 
cations. To order a MIL-M-38510 microcircuit, 
specify the following: 

For example; to specify an LM741 in a DIP 
processed to the requirements of MIL-M-38510, 
Class B, with gold plated leads, specify M-38510/ 


10101BCC. 






MM38510/ 

XXX 

XX 

X 

X 

X 

1 

Specifies the 
General Require- 
ments of 
MIL-M-38510 

T 

Slash 

Sheet 

No. 

Device 

Type 

T 

Device 

Class 

Case 

Outline 

Lead 

Finish 
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Device No. 

Function 

National 

Direct 

Replacement 

Device No. 

Function 

National 

Direct 

Replacement 

FAIRCHILD 



FAIRCHILD (Continued) 


/xAIOIAHM 

General Purpose Op Amp 

LM101AH 

M2901PC 

Dual Internally Compensated Op Amp 

LM2901N 

/iA102HM 

Voltage Follower 

LM102H 

;1 A3046DC 

Transistor Array 

LM3046N 

m A107HM 

General Purpose Op Amp 

LM107H 

/iA3064PC 

TV Automatic Fine-Tuning Circuit 

LM3064N 

/tA108AHM 

Super Beta Op Amp 

LM108AH 

/xA3075PC 

FM IF Limiter/Detector/Audio Preamplifier 

LM3075N 

/xA108HM 

Super Beta Op Amp 

LM108H 

/iA 3086 PC 

Transistor Array 

LM3086N 

^AIIOHM 

Voltage Comparator 

LM110H 

^A3301P 

Quad Single Supply Amplifier 

LM3301N 

/iAIIIHM 

Voltage Comparator 

LM111H 

,iA3302P 

Quad Comparator 

LM3302N 

^AIIIRM 

Voltage Comparator 

LM111J-8 

,iA3401P 

Quad Single Supply Amplifier 

LM3401N 

//A201AHM 

General Purpose Op Amp 

LM201AH 

/iAFIIIHM 

Voltage Comparator 

LF111H 

/iA201 AT 

General Purpose Op Amp 

LM201AN 

/iAF211HM 

Voltage Comparator 

LF211H 

m A207HM 

General Purpose Op Amp 

LM207H 

/iAF311HC 

Voltage Comparator 

LF311H 

^A208AHM 

Super Beta Op Amp 

LM208AH 




/xA208HM 

Super Beta Op Amp 

LM208H 

MOTOROLA 



/xA301 AHC 

General Purpose Op Amp 

LM301AH 




m A301ATC 

General Purpose Op Amp 

LM301AN 

LF155AH 

Monolithic JFET Op Amp 

LF155AH 

m A302HC 

Voltage Follower 

LM302H 

LF155H 

Monolithic JFET Op Amp 

LF155H 

/iA307HC 

General Purpose Op Amp 

LM307H 

LF156AH 

Monolithic JFET Op Amp 

LF156AH 

//A307TC 

General Purpose Op Amp 

LM307N 

LF156H 

Monolithic JFET Op Amp 

LF156H 

m A308AHC 

Super Beta Op Amp 

LM308AH 

LF157AH 

Monolithic JFET Op Amp 

LF157AH 

m A308HC 

Super Beta Op Amp 

LM308H 

LF157H 

Monolithic JFET Op Amp 

LF157H 

m A309KC 

5 Volt Regulator 

LM309KC 

l -' ■ 

.1.1.0 o. o . o-p 

' 

//A310HC 

Voltage Follower 

LM310H 

LF355H 

Monolithic JFET Op Amp 

LF355H 

,iA311HC 

Voltage Comparator 

LM311H 

LF355N 

Monolithic JFET Op Amp 

LF355N 

,tA311R 

Voltage Comparator 

LM311J-8 

LF356AH 

Monolithic JFET Op Amp 

LF356AH 

nA311TC 

Voltage Comparator 

LM311N 

LF356H 

Monolithic JFET Op Amp 

LF356H 

^A324PC 

Quad Op Amp 

LM324N 

LF356N 

Monolithic JFET Op Amp 

LF356N 

/iA339APC 

Quad Comparator 

LM339AN 

LM117H 

3-Terminal Adj. Positive Regulator 

LM117H 

/»A339PC 

Quad Comparator 

LM339N 

LM117K 

3-Terminal Adj. Positive Regulator 

LM117K 

/iA376TC 

Voltage Regulator 

LM376N 

LM123K 

Positive Voltage Regulator 

LM123K 

/t A555HC 

Single Timing Circuit 

LM555CH 

LM317H 

3-Terminal Adj. Positive Regulator 

LM317H 

m A555HM 

Single Timing Circuit 

LM555H 

LM317K 

3-Terminal Adj. Positive Regulator 

LM317K 

mA555TC 

Single Timing Circuit 

LM555CN 

LM317T 

■ 3-Terminal Adj. Positive Regulator 

LM317T 

/iA556PC 

Dual Timing Circuit 

LM556CN 

MC1303P 

Dual Stereo Preamplifier 

LM1303N 

m A709AHM 

High Performance Op Amp 

LM709AH 

MC1310P 

FM Stereo Demodulator 

LM1310N 

^A709HC 

High Performance Op Amp 

LM709CH 

MC1408L6 

8-Bit Multiplying D/A Converter 

LM1408J-6 

m A709HM 

High Performance Op Amp 

LM709H 

MC1408L7 

8-Bit Multiplying D/A Converter 

LM1408J-7 

m A709PC 

High Performance Op Amp 

LM709CN 

MC14Q8L8 

8-Bit Multiplying D/A Converter 

LM1408J-8 

/xA709TC 

High Performance Op Amp 

LM709CN-8 

MC1408P6 

8-Bit Multiplying D/A Converter 

LM1408N-6 

/xA710HC 

High Speed Differential Comparator 

LM710CH 

MC1408P7 

8-Bit Multiplying D/A Converter 

LM1408N-7 

m A710HM 

High Speed Differential Comparator 

LM710H 

MC1408P8 

8-Bit Multiplying D/A Converter 

LM1408N-8 

m A710PC 

High Speed Differential Comparator 

LM710CN 

MC1414L 

Dual Differential Comparator 

LM1414J 

^A71 1 HC 

Dual Comparator 

LM711CH 

MC1414P 

Dual Differential Comparator 

LM1414N 

^A711HM 

Dual Comparator 

LM711H 

MC1496G 

Balanced Modulator-Demodulator 

LM1496H 

m A711PC 

Dual Comparator 

LM711CN 

MC1496P 

Balanced Modulator-Demodulator 

LM1496N 

/.A723DC 

Precision Voltage Regulator 

LM723CJ 

MC1508L8 

8-Bit Multiplying D/A Converter 

LM1508D-8 

^A723DM 

Precision Voltage Regulator 

LM723J 

MC1514L 

Dual Differential Comparator 

LM1514J 

M A723HC 

Precision Voltage Regulator 

LM723CH 

MC1596G 

Blanced Modulator-Demodulator 

LM1596H 

^A723HM 

Precision Voltage Regulator 

LM723H 

MC1710AG 

Differential Comparator 

LM710AH 

/xA723PC ' 

Precision Voltage Regulator 

LM723CN 

MC1710CG 

Differential Comparator 

LM710CH 

fiA725AHM 

Instrumentation Op Amp 

LM725AH 

MC1710CP 

Differential Comparator 

LM710CN 

M A725HC 

Instrumentation Op Amp 

LM725CH 

MC1710G 

Differential Comparator 

LM710H 

m A725HM 

Instrumentation Op Amp 

LM725H 

MC1711CG 

Dual Differential Comparator 

LM711CH 

^A733HC 

Differential Video 

LM733CH 

MC1711CP 

Dual Differential Comparator 

LM711CN 

m A733HM 

Differential Video 

LM733H 

MC1711G 

Dual Differential Comparator 

LM711H 

/xA741 AHM 

Frequency Compensated Op Amp 

LM741AH 

MC1723CL 

Adj. Positive or Negative Volt. Regulator 

LM723CJ . 

/xA741DC 

Frequency Compensated Op Amp 

LM741CJ-14 

MC1723CP 

Adj. Positive or Negative Volt. Regulator 

LM723CN 

/xA741EHC 

Frequency Compensated Op Amp 

LM741EH 

MC1723L 

Adj. Positive or Negative Volt. Regulator 

LM723J 

/xA741HC 

Frequency Compensated Op Amp 

LM741CH 

MC1733CG, 

Differential Video Amp 

LM733CH 

m A741HM 

Frequency Compensated Op Amp 

LM741H 

MC1733CP 

Differential Video Amp 

LM733CN 

m A741PC 

Frequency Compensated Op Amp 

LM741CN-14 

MC1733G 

Differential Video Amp 

LM733H 

/iA741RC 

Frequency Compensated Op Amp 

LM741CJ 

MC1741CG 

General Purpose Op Amp 

LM741CH 

/xA741TC 

Frequency Compensated Op Amp 

LM741CN 

MC1741CL 

General Purpose Op Amp 

LM741CJ-14 

m A746PC 

Chroma Demodulator 

LM746N 

MC1741CP1 

General Purpose Op Amp 

LM741CN 

m A747AHM 

Dual Frequency Compensated Op Amp 

LM747AH 

MC1741CP2 

Generla Purpose Op Amp 

LM741CN-14 

m A747EHC 

Dual Frequency Compensated Op Amp 

LM747EH 

MC1741G 

General Purpose Op Amp 

LM741H. 

m A747HC 

Dual Frequency Compensated Op Amp 

LM747CH 

MC1741L 

General Purpose Op Amp 

LM741J-14 

m A747HM 

Dual Frequency Compensated Op Amp 

LM747H 

MC1741U 

General Purpose Op Amp 

LM741J 

m A747PC 

Dual Frequency Compensated Op Amp 

LM747CN 

MC1747CG 

Dual MC1741 Op Amp 

LM747CH 

/tA748HC 

Op Amp 

LM748CH 

MC1747CL 

Dual MC1741 Op Amp 

LM747CJ 

mA748HM 

Op Amp 

LM748H 

MC1747CP2 

Dual MC1741 Op Amp 

LM747CN 

//A748TC 

Op Amp 

LM748CN 

MC1747G 

Dual MC1741 Op Amp 

LM747H 

m A760HC 

High Speed Differential Comparator 

LM760CH 

MC1747L 

Dual MC1741 Op Amp 

LM747J 

/iA796HC 

3-Terminal. Positive Voltage Regulator 

LM1496H 

MC1748CG 

General Purpose Op Amp 

LM748CH 

MA796PC 

3-Terminal Positive Voltage Regulator 

LM1496M 

MC1748CP1 

General Purpose Op Amp 

LM748CN 

/iA798HM 

Dual Op Amp 

LM358H 

MC1748CU 

General Purpose Op Amp 

LM748CJ 

^A1558HM 

Dual Internally Compensated Op Amp 

LM1558H 

MC1748G 

General Purpose Op Amp 

LM748H 
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Device No. 

Function 
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Direct 
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Device No. 

Function 

National 

Direct 

Replacement 

MOTOROLA (Continued) 
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MC1748U 

General Purpose Op Amp 

LM748J 

MLM339AL 

Quad Comparator 

LM339AJ 

MC2901P 

Quad Comparator 

LM2901N 

MLM339AP 

Quad Comparator 

LM339AN 

MC2902P 

Quad Op Amp 

LM2902N 

MLM339L 

Quad Comparator 

LM339J 

MC3301P 

Quad Op Amp 

LM3301N 

MLM339P 

Quad Comparator 

LM339N 

MC3302P 

Quad Comparator 

LM3302N 

MLM358G 

Dual Op Amp 

LM358H 

MC3401P 

Quad Op Amp 

LM3401N 

MLM358PI 

Dual Op Amp 

LM358N 

MC34001AP 


LF411CN 

MLM565CP 

Phase Locked Loop 

LM565CN 

MC34022BP 


LF412ACN 




MC78XXCK 

Positive Voltage Regulator 

LM78XXCK 

P Ml 



MC78XXCT 

Positive Voltage Regulator 

LM78XXCT 

OP-15FG 


LF411ACH 

MC78LXXACG 

Positive Voltage Regulator 

LM78LXXACH 

OP-15GP 


LF411CN 

MC78LXXACP 

Positive Voltage Regulator 

LM78LXXACZ 

OP-15FP 


LF411ACN 

MC78LXXCG 

Positive Voltage Regulator 

LM78LXXCH 

OP-15CH 


LF411CH 

MC78LXXCP 

Positive Voltage Regulator 

LM78LXXCZ 

‘ PM108AJ 

Operational Amplifier 

LM108AH 

MC79XXCK 

Negative Voltage Regulator 

LM79XXCK 

PM108J 

Operational Amplifier 

LM108H 

MC79XXCT 

Negative Voltage Regulator 

LM79XXCT 

PM155AJ 

JFET Input Op Amp 

LF155AH 

MC79LXXACP 

Negative Voltage Regulator 

LM79LXXACZ 

PM155J 

JFET Input Op Amp 

LF155H 

MC79LXXCP 

Negative Voltage Regulator 

LM79LXXCZ 

PM156AJ 

JFET Input Op Amp 

LF156AH 

MLM101AG 

Gen. Purpose Adj. Op Amp 

LM101AH 

PM156J 

JFET Input Op Amp 

LF156H 

MLM101AU 

Gen. Purpose Adj. Op Amp 

LM101AJ 

PM157AJ 

JFET Input Op Amp 

LF157AH 

MLM107G 

General Purpose Op Amp 

LM107H 

PM157J 

JFET Input Op Amp 

LF157H 

MLM107U 

General Purpose Op Amp 

LM107J 

PM 208 A J 

Operational Amplifier 

LM208AH 

MLM108AG 

Precision Op Amp 

LM108AH 

PM208J 

Operational Amplifier 

LM208H 

MLM108AU 

Precision Op Amp 

LM108AJ 

PM255J 

JFET Input Op Amp 

LF255H 

MLM109G 

Positive Voltage Regulator 

LM109H 

PM256J 

JFET Input Op Amp 

LF256H 

MLM110G 

Unity Gain Op Amp 

LM110H 

PM257J 

JFET Input Op Amp 

LF257H 

MLM110U 

Unity Gain Op Amp 

LM110J-8 

PM 308 A J 

Operational Amplifier 

LM308AH 

MLM111G 

Voltage Comparator 

LM111H 

PM308J 

Operational Amplifier 

LM308H 

MLM111L 

Voltage Comparator 

LM111J 

PM355AJ 

JFET Input Op Amp 

LF355AH 

MLM111U 

Voltage Comparator 

LM111J-8 

PM 355 J 

JFET Input Op Amp 

LF355H 

MLM124L 

Quad Op Amp 

LM124J 

PM356AJ 

JFET Input Op Amp 

LF356AH 

MLM124P 

Quad Op Amp 

LM124N 

PM356J 

JFET Input Op Amp 

LF356H 

MLM139AL 

Quad Comparator 

LM139AJ 

PM357AJ 

JFET Input Op Amp 

LF357AH 

MLM139L 

Quad Comparator 

LM139J 

PM357J 

JFET Input Op Amp 

LF357H 

MLM158G 

Dual Op Amp 

LM158H 

PM725CJ 

Operational Amplifier 

LM725CH 

MLM201AG 

General Purpose Op Amp 

LM201AH 

PM725J 

Operational Amplifier 

LM725H 

MLM201API 

General Purpose Op Amp 

LM201AN * 

PM741CJ 

Compensated Op Amp 

LM741CH 

MLM207G 

General Purpose Op Amp 

LM207H 

PM741J 

Compensated Op Amp 

LM741H 

MLM207U 

General Purpose Op Amp 

LM207J 

PM747CJ 

Dual Compensated Op Amp 

LM747CH 

MLM208AG 

Precision Op Amp 

LM208AH 

PM747J 

Dual Compensated Op Amp 

LM747H 

MLM208AL 

Precision Op Amp 

LM208AJ 

PM1558J 

Dual Compensated Op Amp 

LM1558H 

MLM208AU 

Precision Op Amp 

LM208AJ-8 




MLM208G 

Precision Op Amp 

LM208H 

SIGNETICS 



MLM208L 

Precision Op Amp 

LM208J 

M A709AT 

Operational Amplifier 

LM709AH 

MLM208U 

Precision Op Amp 

LM208J-8 

/zA709CN 

Operational Amplifier 

LM709CN-8 

MLM209G 

Positive Voltage Regulator 

LM209H 

nA709CN-14 

Operational Amplifier 

LM709CN 

MLM211G 

Voltage Comparator 

LM211H 

M A709CT 

Operational Amplifier 

LM709CH 

MLM211L 

Voltage Comparator 

LM211J 

^A709T 

Operational Amplifier 

LM709H 

MLM211U 

Voltage Comparator 

LM211J-8 

/iA710CN-14 

Differential Voltage Comparator 

LM710CN 

MLM224L 

Quad Op Amp 

LM224J 

m A710CT 

Differential Voltage Comparator 

LM710CH 

MLM239AL 

Quad Comparator 

LM239AJ 

m A710T 

Differential Voltage Comparator 

LM710H 

MLM239L 

.Quad Comparator 

LM239J 

m A711CN 

Dual Voltage Comparator 

LM711CN 

MLM258G 

Dual Op Amp 

LM258H 

//A711CT 

Dual Voltage Comparator 

LM711CH 

MLM301AG 

General Purpose Op Amp 

LM301AH 

^A711K 

Dual Voltage Comparator 

LM711H 

MLM301API 

General Purpose Op Amp 

LM301AN 

/iA723CF 

Precision Voltage Regulator 

LM723CJ 

MLM307G 

General Purpose Op Amp 

LM307H 

fiA723CL 

Precision Voltage Regulator 

LM723CH 

MLM307PI 

General Purpose Op Amp 

LM307N 

m A723CN 

Precision Voltage Regulator 

LN723CN 

MLM307U 

General Purpose Op Amp 

LM307J 

^A723F 

Precision Voltage Regulator 

LM723J 

MLM308AG 

Precision Op Amp 

LM308AH 

/iA723L 

Precision Voltage Regulator 

LM723H 

MLM308AL 

Precision Op Amp 

LM308AJ 

MA733CN 

Differential Video Amp 

LM733CN 

MLM308API 

Precision Op Amp 

LM308AN 

jtA733CT 

Differential Video Amp 

LM733CH 

MLM308AU 

Precision Op Amp 

LM308AJ-8 

^A733F 

Differential Video Amp 

LM733H 

MLM308G 

Precision Op Amp 

LM308H 

/iA741CF 

General Purpose Op Amp 

LM741CJ-14 

MLM308L 

Precision Op Amp 

LM308J 

/*A741CN 

General Purpose Op Amp 

LM741CN 

MLM308PI 

Precision Op Amp 

LM308N 

/xA741CN-14 

General Purpose Op Amp 

LM741CN-14 

MLM308U 

Precision Op Amp 

LM308J-8 

*tA741CT 

General Purpose Op Amp 

LM741CH 

MLM309G 

Positive Voltage Regulator 

LM309H 

aA741F 

General Purpose Op Amp 

LM741J-14 

MLM309K 

Positive Voltage Regulator 

LM309K 

m A741T 

General Purpose Op Amp 

LM741H 

MLM310G 

Unity Gain Op Amp 

LM310H 

/;A747CN 

Dual Op Amp 

LM747CN 

MLM310PI 

Unity Gain Op Amp 

LM310N 

^A748CF 

General Purpose Op Amp 

LM748CJ 

MLM310U ' 

Unity Gain Op Amp 

LM310J-8 

/xA748CN 

General Purpose Op Amp 

LM748CN 

MLM311G 

Voltage Comparator 

LM311H 

m A748CT 

General Purpose Op Amp 

LM748CH 

MLM311L 

Voltage Comparator 

LM311J 

#*A748F 

General Purpose Op Amp 

LM748J-14 

MLM311PI 

Voltage Comparator 

LM311N 

/xA748T 

General Purpose Op Amp 

LM748H 

MLM311U 

Voltage Comparator 

LM311J-8 

78XXCU 

3-Terminal Positive Voltage Regulator 

LM78XXCT 

MLM324L 

Quad Op Amp 

LM324J 

78XXDA 

- 3-Terminal Positive Voltage Regulator 

LM78XXCK 

MLM324P 

Quad Op Amp 

LM324N 

78LXXACS 

3-Terminal Positive Voltage Regulator 

LM78XXACZ 
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78LXXADB 

3-Terminal Positive Votlage Regulator 

LM78LXXACH 

LM311T 

Voltage Comparator 

LM311H 

78LXXCDB 

3-Terminal Positive Voltage Regulator 

LM78LXXCH 

LM319F 

Dual Voltage Comparator 

LM319J 

78LXXCS 

3-Terminal Positive Votlage Regulator 

LM78LXXCZ 

LM319K 

Dual Voltage Comparator 

LM319H 

79XXCU 

3-Terminal Negative Voltage Regulator 

LM79XXCT 

LM319N 

Dual Voltage Comparator 

LM319N 

79XXDA 

3-Terminal Negative Voltage Regulator 

LM79XXCK 

LM324AF 

Gen Purpose Single Supply Op Amp 

LM324AJ 

LF155AT 

Hi Performance JFET Input Op Amp 

LF155AH 

LM324AN 

Gen Purpose Single Supply Op Amp 

LM324AN 

LF155T 

Hi Performance JFET Input Op Amp 

• LF155H 

LM324F 

Gen Purpose Single Supply Op Amp 

LM324J 

LF156AT 

Hi Performance JFET Input Op Amp 

LF156AH 

LM324N 

Gen Purpose Single Supply Op Amp 

LM324N 

LF156T 

Hi Performance JFET Input Op Amp 

LF156H 

LM339AF 

Quad Voltage Comparator 

LM339AJ 

LF157AT 

Hi Performance JFET Input Op Amp 

LF157AH 

LM339AN 

Quad Voltage Comparator 

LM339AN 

LF157T 

Hi Performance JFET Input Op Amp 

LF157H 

LM339F 

Quad Voltage Comparator 

LM339J 

LF255T 

Hi Performance JFET Input Op Amp 

LF255H 

LM339N 

Quad Voltage Comparator 

LM339N 

LF256T 

Hi Performance JFET Input Op Amp 

LF256H 

LM340XXDA 

3-Terminal Positive Voltage Regulator 

LM340KXX 

LF257T 

Hi Performance JFET Input Op Amp 

LF257H 

LM340XXLL 

3-Terminal Positive Voltage Regulator 

LM340TXX 

LF355AT 

Hi Performance JFET Input Op Amp 

LF355AH 

LM381AN 

Dual Low Noise Preamplifier 

LM381AN 

LF355T 

Hi Performance JFET Input Op Amp 

LF355H 

LM381N 

Dual Low Noise Preamplifier 

LM381N 

LF356AT 

Hi Performance JFET Input Op Amp 

LF356AH 

LM3S2N 

Dual Low Noise Preamplifier 

LM382N 

LF356T 

Hi Performance JFET Input Op Amp 

LF356H 

LM387N 

Dual Low Noise Preamplifier 

LM387N 

LF357AT 

Hi Performance JFET Input Op Amp 

LF357AH 

LM393AN 

Low Power Dual Voltage Comparator 

LM393AN 

LF357T 

Hi Performance JFET Input Op Amp 

LF357H 

LM393AT 

Low Power Dual Voltage Comparator 

LM393AH 

LM101AF 

High Performance Amplifier 

LM101AJ-14 

LM393N 

Low Power Dual Voltage Comparator 

LM393N 

LMfCl.M 

High Performance Amplifier 

i LMini AM 

1 M3QTT 

1 nw Powpr Dual Voltane Comoarator 

LM393H 

LM107F 

General Purpose Op Amp 

LM107J-14 

LM2901F 

Quad Voltage Comparator 

LM2901J 

LM107T 

General Purpose Op Amp 

LM107H 

LM2901N 

Quad Voltage Comparator 

LM2901N 

LM108AF 

Precision Op Amp 

LM108AJ 

LM2903N 

Low Power Dual Voltage Comparator 

LM2903N 

LM108AT 

Precision Op Amp 

LM108AH 

MC1408-7F 

8-Bit Multiplying D/A Converter 

LM1407J-7 

LM108F 

Precision Op Amp 

LM108J 

MC1408-8F 

8-Bit Multiplying D/A Converter 

LM1408J-8 

LM108T 

Precision Op Amp 

LM108H 

MC1408-7N 

8-Bit Multiplying D/A Converter 

LM1408N-7 

LM109DB 

5 Volt Regulator- 

LM109H 

MC1408-8N 

8-Bit Multiplying D/A Converter 

LM1408N-8 

LM111F 

Voltage Comparator 

LM111J 

MC1496K 

Balanced Modulator Demodulator 

LM1496H 

LM111T 

Voltage Comparator 

LM111H 

MC1496N 

Balanced Modulator Demodulator 

LM1496N 

LM119F 

Dual Voltage Comparator 

LM119J 

MC1596K 

Balanced Modulator Demodulator 

LM1596H 

LM119K 

Dual Voltage Comparator 

LM119H 

MC3302N 

Quad Voltage Comparator 

LM3302N 

LM124AF 

Gen Purpose Single Supply Op Amp 

LM124AJ 

NE555T 

Timer 

LM555CH 

LM124F 

Gen Purpose Single Supply Op Amp 

LM124J 

NE555N 

Timer 

LM555CN 

LM124N 

Gen Purpose Single Supply Op Amp 

LM124N 

NE556N 

Dual Timer 

LM556CN 

LM139AF 

. Quad Voltage Comparator 

LM139AJ 

NE556F 

Dual Timer 

LM556J 

LM139F 

Quad Voltage Comparator 

LM139J 

NE565K 

Phase Locked Loop 

LM565CH 

LM193AT 

Low Power Dual Voltage Comparator 

LM193AH 

NE565N 

Phase Locked Loop 

LM565CN 

LM193T 

Low Power Dual Voltage Comparator 

LM193H 

NE566N 

Function Generator 

LM566CN 

LM201AF 

High Performance Amplifier 

LM201AJ-14 

NE567T 

Tone Decoder/Phase Locked Loop 

LM567CH 

LM201AN 

High Performance Amplifier 

LM201AN 

NE567N 

Tone Decoder/Phase Locked Loop 

LM567CN 

LM207F 

General Purpose Op Amp 

LM207J-14 

SE555T 

Timer 

LM555H 

LM207T 

General Purpose Op Amp 

LM207H 

SE565K 

Phase Locked Loop 

LM565H 

LM208AF 

General Purpose Op Amp 

LM208AJ 

SE567T 

Tone Decoder/Phase Locked Loop 

LM567H 

LM208AT 

Precision Operational Amp 

LM208AH 

TBA120N 

FM IF Amp & Demodulator 

TBA120T 

LM208F 

Precision Operational Amp 

LM208J 

TBA120S-2 

8-Stage Amp w/Balanced Demodulator 

TBA120S II 

LM208T 

Precision Operational Amp 

LM208H 

TBA120S-3 

8-Stage Amp w/Balanced Demodulator 

TBA120S III 

LM209DB 

5 Volt Regulator 

LM209H 

TBA120S-4 

8-Stage Amp w/Balanced Demodulator 

TBA120S IV 

LM211F 

Voltage Comparator 

LM211J 

TBA120S-5 

8-Stage Amp w/Balanced Demodulator 

TBA120S V 

LM211T 

Voltage Comparator 

LM211H 

TBA120SN 

8-Stage w/Balanced Demodulator 

TBA120SQ 

LM219F 

Dual Voltage Comparator 

LM219J 

TBA120S-2N 

8-Stage w/Balanced Demodulator 

TBA120SQ II 

LM219K 

Dual Voltage Comparator 

LM219H 

TBA120S-3N 

8-Stage w/Balanced Demodulator 

TBA120SQ III 

LM224AF 

Gen Purpose Single Supply Op Amp 

LM224AJ 

TBA120S-4N 

8-Stage w/Balanced Demodulator 

TBA120SQ IV 

LM224AN 

Gen Purpose Single Supply Op Amp 

LM224AN 

TBA120S-5N 

8-Stage w/Balanced Demodulator 

TBA120SQ V 

LM224F 

Gen Purpose Single Supply Op Amp 

LM224J 

TBA120U 

FM IF Amp & Demodulator 

TBA120U 

LM239AF 

Quad Voltage Comparator 

LM239AJ 

TBA120UN 

FM IF Amp & Demodulator 

TBA120UQ 

LM239F 

Quad Voltage Comparator 

LM239J 




LM258T 

Gen Purpose Single Supply Op Amp 

LM258H 




LM293T 

Low Power Dual Voltage Comparator 

LM293H 

TEXAS INSTRUMENTS 


LM301AF 

High Performance Amplifier 

LM301AJ-14 

/xA709CN 

Op Amp 

LM709CN 

LM301AN 

High Performance Amplifier 

LM301AN 

/iA709CP 

Op Amp 

LM709CN-8 

LM301AT 

High Performance Amplifier 

LM301H 

/iA71lCN 

Dual Comparator 

LM711CN 

LM307F 

General Purpose Op Amp 

LM307J-14 

/iA723CJ 

Voltage Regulator 

LM723CJ 

LM307N 

General Purpose Op Amp 

LM307N 

/iA723CN 

Voltage Regulator 

LM723CN 

LM307T 

General Purpose Op Amp 

LM307H 

/iA723MJ 

Voltage Regulator 

LM723J 

LM308AF 

Precision Op Amp 

LM308AJ 

m A733CN 

Video Amp 

LM733CN 

LM308AN 

Precision Op Amp 

' LM308^N 

m A741CJ 

Compensated Op Amp 

LM741CJ-14 

LM308AT 

Precision Op Amp 

LM308AH 

jtA741CJ 

Compensated Op Amp 

LM741CN-14 

LM308F 

Precision Op Amp 

LM308J 

/xA741CJG 

Compensated Op Amp 

LM741CJ 

LM308N 

Precision Op Amp 

LM308N 

MA741CP 

Compensated Op Amp 

LM741CN 

LM308T 

Precision Op Amp 

LM308H 

/xA741MJ 

Compensated Op Amp 

LM741J-14 * 

LM309DA 

5 Volt Regulator 

LM309K 

m A741MJG 

Compensated Op Amp 

LM741J 

LM309DB 

5 Volt Regulator 

LM309H 

^A748CJG 

Op Amp 

LM748CJ 

LM311F 

Voltage Comparator 

LM311J 

//A748CN 

Op Amp 

LM748CN 

LM311N 

Voltage Comparator 

LM311N 

/iA748MJ 

Op Amp 

LM748J-14 

LM311N-14 

Voltage Comparator 

LM311N-14 

/xA748MJG 

Op Amp 

LM748J 
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National 


Device No. 

Function 

Direct 

Replacement 

Texas instruments (Continued) 


M78XXCKC 

Positive Voltage Regulator 

LM78XXCT 

M78LXXACL 

Positive Voltage Regulator 

LM78LXXACZ 

/iA78LXXCLP 

Positive Voltage Regulator 

LM78LXXCZ 

M78MXXCKD 

Positive Voltage Regulator 

LM78MXXCP 

M79XXCKC 

Negative Voltage Regulator 

LM79XXCT 

/iA79MXXCKD 

Negative Voltage Regulator 

LM79MXXCP 

LF356P 

JFET Input Op Amp 

LF356N 

LM101AJ 

Improved Op Amp 

LM101 AJ-14 

LM101AJG 

Improved Op Amp 

LM101AJ 

LM107J 

Compensated Op Amp 

LM107J-14 

LM107JG 

Compensated Op Amp 

LM107J 

LM111J 

Voltage Comparator 

LM111J 

LM111JG 

Voltage Comparator . 

LM111J-8 

LM118JG 

High Slew Rate Op Amp 

LM118J 

LM124J 

Quad Op Amp 

LM124J 

LM124N 

Quad Op Amp 

LM1S24N 

LM139J 

Quad Comparator 

LM139J 

LM201AJ 

Improved Op Amp 

LM201AJ-14 

LM201AJG 

Improved Op Amp 

LM201AJ 

LM201AN 

Improved Op Amp 

LM201AN 

LM207J 

Compensated Op Amp 

LM207J-14 

LM207JG 

Compensated Op Amp 

LM207J 

LM218JG 

High Slew Rate Op Amp 

LM218J-8 

LM224J 

Quad Op Amp 

LM224J 

LM239J 

Quad Comparator 

LM239J 

LM301AJ 

Improved Op Amp 

LM301AJ-14 

LM301AJG 

Improved Op Amp 

LM301AJ 

LM301AN 

Improved Op Amp 

LM301AN 

LM307J 

Compensated Op Amp 

LM307J-14 


National 


Device No. 

Function 

Direct 

Replacement 

Texas instruments (Continued) 

LM307JG Compensated Op Amp 

LM307J 

LM307N 

Compensated Op Amp - 

LM307N 

LM311J 

Voltage Comparator 

LM311J 

LM311JG 

Voltage Comparator 

LM311J-8 

LM311N 

Voltage Comparator 

LM311N-14 

LM311P 

Voltage Comparator 

LM311N 

LM317KC 

3-Terminal Adjustable Regulator 

LM317T 

LM318JG 

High Slew Rate Op Amp 

LM318J-8 

LM318P 

High Slew Rate Op Amp 

LM318N 

LM324J 

Quad Op Amp 

LM324J 

LM324N 

Quad Op Amp 

LM324N 

LM339J 

Quad Comparator 

LM339J 

LM339N 

Quad Comparator 

LM339N 

LM358P 

Dual Op Amp 

LM358N 

LM376P 

Positive Voltage Regulator 

LM376N 

LM393P 

Dual Comparator 

LM393N 

LM2901N 

Quad Comparator 

LM2901N 

LM2902J 

Quad Op Amp 

LM2902J 

LM2902N 

Quad Op Amp 

LM2902N 

LM2903P 

Dual Comparator 

LM2903N 

LM2904P 

Dual Op Amp 

LM2904N 

MC1558JG 

Dual Compensated Op Amp 

LM1558J 

NE555CJG 

Timer 

LM555CJ 

SE555JG 

Timer 

LM555J 

TL081ACN 

Single Low Cost Bi-Fet Op Amp 

LF351AN 

TL081CN 

Single Low Cost Bi-Fet Op Amp 

LF351N 

TL087CP 

TL287CP 

TL710CN 

Comparator 

LF411ACN 

LF412CN 

LM710CN 
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National 

all dimensions in inches (millimeters) • 

V 

Semiconductor 

( 

i 

I 


■ 0.054 

(1.372) 0.165 


0.050 ±0.010 . 
(1.270 ±0.254)'“ 


0.015-0.023 
<0.381-0.584) H 
0.100 ±0.010 
*"”(2.540 ± 0.254) 



JL_ id*! 

13.1751 


NS Package D14E 
14-Lead Cavity DIP (D) 
(Side Brazed) 


0.880 ±0.020 
(22.35 ±0.508) 



0.B00±0.010 
(20.32 ±0.254) 





0.015-0.020 

(0^81-0.508) 


0.420 ±0.010 
(10.67 ±0.254) 



0.015-0.020 

(0.381-0.508) 


NS Package D14F 
14-Lead Metal DIP (D) 


(0.508 ±0.254) 
PIN NO. 1 
IOENT 



0.100 ± 0.010 | ^ 

(2.540 ±0.254) 0.015-0. 


II - 

1.019 (3.i; 

mii 



NS Package D16A 
16-Lead Cavity DIP (D) 


0.045 ±0.015 
(1.143 ±0.381) 


14 
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Physical Dimensions 





0.020-0.060 

(0.508-1.524) 


16-Lead Cavity DIP (D) 


(Side Brazed) 


0.500 ±0.010 
' (12.70 ±0.254) ” 

0.420 ±0.010 
‘(10.668 ±0.254) 


r ^ 0.015-0,020 
[I (0.381-0.508) 

0.300 ±0.010 | 

(7.620 ±0.254) ^ 




MAX 



NS Package D16D 
16-Lead Metal DIP (D) 


0.910 



NS Package D18A 
18-Lead Cavity DIP (D) 
(Side Brazed) 


1.010 


PIN NO. 1 1 
IOENT | 

IH1 Ii51 fi» 

(25.654) — 

MAX 

i fwi pb] rrsi nil m nn rm 




■ 

T 

0.298 

(7.569) 

MAX 

i 


laiBIEHaaBIDIDIDIDIIDM 
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Physical Dimensions 







0.010-0.020 

(0.254-0.508) 


0.190 ±0.010 
(4.826 ±0254) 


0.050 ±0.005 | 

(1.270 ±0.127) "T 


34-0.006 

12-0.152) —I r*- 



0-025 MAX TYP 
~(M35) ALL ENDS 


;-ll- . -O 


NS Package F16B 
16-Lead Flat Package (F) 


(0.127) 

MIN ALL ENDS 


0.050 ±0. 
"* (1.270 ±0. 


u u u u u u u 

0.015-0.1 


NS Package F24A 
24- Lead Flat Package (F) 


2 LEADS - 
0.016-0.019 
(0.406-0.483) 



0.350-0.370 
(8.890-9.398) ° ‘ 
| 0.305-0.335 

[I (7.747-8.509) 


i n 

1 M PV 0.016-0.01 
J U J <0.406-0.41 


0.165-0.195 
(4.191 -4.953) 


0.350 - 0.370 
(8.890 - 9.398) 


0.305 - 0.335 
(7.747 - 8.509) 


0.500 0.035 

(12.70) (0.889) 

MIN MAX 


K n li 

K 

J y ] (o.4i 


0.050 r 
(1.270) 


0.100 

I— 

(2.540) 

JL 

!/ i x , 


\ Vv 


>Z / 

45° //V 


y 


W 



0.029-0.040 ^ f 

(0.737-13)16) \\\\ '‘.J 


7TT 

- y o.ioo 

(2.540) 


0.026 - 0,045 / 
(0.660 - 1.143) 
0.028 - 0.034 
(0.711 - 0.864] 


a 


ft— 

% 


I J 'I t 

-4 // 0.100 


1.864) V^/ 


NS Package H02A 
I TO-46 Metal Can Package (H) 


NS Package H03A NS Package H03B 

3-Lead TO-39 Metal Can Package (H) 3-Lead TO-5 Metal Can Package (H) 


Physical Dimensions 






NG | I 

M 1 i — n 

TDT' 


0.016-0.019 I l_ 0.040 
(0.406-0.483) - * (ToTs) 
MAX 


0.036-0.046 \ 

(0.914-1.168) "Ny/ 



o a 

0.016—0.019 I I 

/n *nc n aq*j\ • * 



(0.914-1.168) 



0.399-0.409 
(10.135-10.389) ° 



NS Package H03H 

3- Lead TO-46 Metal Can Package (H) 


NS Package H04A 

4-Lead TO-46 Metal Can Package (H) 


NS Package H04D 
Thermal Shield for H04A 



* f 0.035 
0.500 1 

(12.700) ( ° m 8 a 8 x 9) 




(0.71 1 -0.864) 

<< 


0.165-0.185 

(4.191-4.699) 



T [ 0,040 
« (1.016) 

(12.7) MA x 


0.225-0.235 
(5.715 — 5.969) " 


0.315-0.335 

(8.001-8.509) 


0.015-0.040 
| £~ (0.381-1.016) 


0.025 

(0.635) 

MAX UNCONTROLLED 
0.016-0.019 uaD DIA 
(0.406-0.483) 

DIA TYP 


0.029-0.045 
(0.737-1.143) ' 


T J'l'l r ( 3 ° 48 ~ 3 - 5 
DIA 


0.028-0.034 \/ 

(0.711-0.864) ~^/y 


NS Package H06C 

6-Lead TO-5 Metal Can Package (H) 


NS Package H08A 
8-Lead TO-5 Metal Can Package (H) 


{ | 0.016-0.019 

^ ^(0.406-0.483) 


0.028-0.034 
(0.711 -0.864) ^ 


m 



|| 0.016-0.019 

^ (0.406-0.483) 




0.350-0.370 

(8.890-9.398) 

0.315-0.335 


(6.6 04-7.366) | (8.001 -8.509)~*j 



yi ° ° 


yfyj 0.026-0.034 
^yy\ o (0.661 -0.864)\ 


NS Package H08B 

8-Lead TO-5 Metal Can Package (H) 


NS Package H08C 


NS Package HI OB 


8-Lead TO-5 Metal Can Package (H) 10-Lead TO-5 Metal Can Package (H) 
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0.016-0.019 
(0.406-0.483)' 
OIA 10 LEADS 


0.01 5-0. D40 
(0.381-1.016) 
0.120-0.140 
(3.048-3.556) 





I 0.026-0.034 
I (0.660-0.864) 



NS Package H IOC 

10-Lead TO-5 Metal Can Package (H) 


NS Package HIOD 

10- Lead TO-5 Metal Can Package (H) 


0.545-0.555 

(13.843-14.097) 


0.500-0.560 

(12.700-14.224) 



0.595-0.605 

[15.113-15.367) 



0.890 ±0.010 
(22.606 ±0.254) 
0.700 ±0,010 
(17.780 ±0.254) 


NS Package H12B 

12-Lead TO-8 Metal Can Package (H) 


0.490 ±0.005 

] I (12.446 ±0.127) 

| 0.470 ±0.005 I 
(11.938 ±0.127) 



NS Package HY08A 
8-Lead Cavity DIP (J) (Hybrid) 


// 0.008-0.012 
I (0.203-0.305) 
0.385 ±0.025 
(9.779 ±0.635) 



0.018 ±0.002 
(0.457 ±0.051) 
0.100 ±0.010 
(2.540 ±0.254) 


NS Package J08A 
8-Lead Cavity DIP (J) 


, 0.400 

“* (10.160) 

MAX 

m m m m 

n 

L_ 

l 

0.291 

(7.391) 

MAX 

i_ 


EOT 
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Physical Dimensions 



14-Lead Cavity DIP (J) 


0.025 

(0.635)' 

RAO 


0.785 


0.310 

MAX 

f»i fni p*i R Hoi m m 

r 

(7.874) 

MAX 

L 

r 

0.291 

GLASS 

L 

(7.391) 

MAX 


LU HI Lll Lil LlJ liJ LzJ 






18-Lead Cavity DIP (J) 


(23.241) 

MAX 




1 [ 


13 liTliJ liJ-'lil LsJ UJ lijlij 


0310 
-(7.874) 
MAX 
L GLASS 


0.290 

(7.366) 

MAX 




NS Package J22A 
22-Lead Cavity DIP (J) 
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0.760-0.775 


0.325- 

(8.255- 

i 

-0.350 

-8.890) 

h- 

' (19.304-19.685) 

0.116 

(2.946) 

MAX 

L 



1 1 1 SEATING PLANE 

0.420-0.480 j 

— 

n 

k 

(10.668-12.192)1 

[ 

— — “ ^ 0.038-0.043 


(0.965-1.092) 



2-Lead TO-3 Metal Can Package (K) 
(Steel) 




NS Package K02B 

2-Lead TO-3 Metal Can Package (K) 



NS Package K04A 
4-Lead TO-3 Metal Can Package (K) 


(19.304-19.685) 
MAX DIA 


(8.763-10.033) I 
0.220-0.280 i 






T 

0,116 

(2.946) 

MAX 


SEATING PLANE 



NS Package K08A 
8-Lead TO-3 Metal Can Package (K) 


0.250-0.350 _ 

0.815 

(6.350-8.890) 

(20.70) 

1 

DIA MAX 




T 





0.118 

(2.997) 


0.430 

(10.92) 

MIN 


SEATING PLANE 



DIA 2 PINS 


NS Package KC02A 
2-Lead TO-3 Metal Can Package (KC) 
(Aluminum) 
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Physical Dimensions 









NS Package P1 1 A 
11-Lead Single-In-Line Package (P) 


Physical Dimensions 





Physical Dimensions 






NS Package T05A 
5-Lead TO-220 Power Package (T) 


Physical Dimensions 






NS Package T05B 
5-Lead TO-220 Power Package (T) 


NS Package W16A 
16-Lead Flat Package (W) 



NS Package Z03A 
3-Lead TO-92 Plastic Package (Z) 


NS Package Z03D 
3-Lead TO-92 Plastic Package (Z) 
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